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DNHR: A NEW SPC/CCIS NETWORK MANAGEMENT CHALLENGE 
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ABSTRACT 

The introduction of network processor intelligence 
provides a significant opportunity to extend the 
telecommunications network routing rules beyond 
the hierarchical structure to increase network 
utilization. Dynamic nonhierarchica1 routing 
(DNHR) is a more flexible and efficient routing 
scheme planned for Bell System introduction in the 
mid-1980s. This radically different network 
topology presents a significant challenge for 
network management. 

The performance properties of the Stored Program 
Controlled (SPC) Common Channel Interoffice 
Signa1ing (CCIS) network and the impact of DNHR, 
particularly under conditions of congestion, have 
been explored through large-scale simulation. 
Based on results of these network management 
feasibility studies, innovative surveillance and 
control strategies have been formulated for DNHR 
implementation. New automatic controls and a new 
centralized network management support system are 
planned for introduction. 

1. INTRODUCTION 

The evolution of the Stored Program Controlled 
(SPC) network in the Bell System has been 
characterized by the rapid introduction of 
electronic SWitching systems communicating with 
each other through the expanding Common Channel 
Interoffice Signa1ing (CCIS) network. Emphasis has 
been placed on improved automatic network 
management controls that are built into modern 
SPC-CCIS systems (1). This introduction of 
network processor intelligence provides a 
significant opportunity to extend the 
telecommunications network routing rules beyond 
the hierarchical structure to increase network 
utilization. Dynamic nonhierarchica1 routing 
(DNHR) (2) is a more flexible and efficient 
routing scheme planned for Bell System 
introduction in the mid-1980's. This radically 
different network topology presents a significant 
challenge for network mangement: Can a DNHR 
network management control strategy be formulated 
which provides desired performance under traffic 
overloads while maintaining significant network 
savings at design traffic loads? 
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The performance properties of the SPC-CCIS network 
and the impact of DNHR, particularly under 
conditions of congestion, have been explored 
through large-scale simulation. This simulation 
study represents the first effort to peruse the 
congestion implications of a representative 
large-scale SPC-CCIS network which commingles a 
packet-switched CCIS network with the circuit 
switched message network. Through these 
feasibility studies proposed modi f ications to 
existing automatic controls were i dentified as 
necessary. This paper describes the proposed 
robust DNHR control technique and pre :;;ents the 
comparative simulation analyses of the overload 
dynamics and control responses of a l ternative 
networks. Also, network overload pe rformance 
sensitivity to various parameters has bee 'l studied 
and some results of the extensive simu1a t ions are 
exhibited. 

Surveillance and complementary manual controls for 
a DNHR network have also been considered. A brief 
description of the proposed network management 
operations support infrastructure is presented. 

2. SPC-CCIS NETWORK CONGESTION CHARACTERIZATION 

Study of the congestion characteris tics of the 
U. S. Message Telecommunications Service (MTS) 
network has been underway since the 1960s at Bell 
Laboratories (1). A basic tool for such studies 
has been ca11-by-ca11 simulation. Past simulation 
effort has been based on mode ling 
electromechanical (EM) switching systems employing 
trunk carried Mu1tifrequency (MF) signa1ing. With 
the advent of the SPC-CCIS network in the late 
1970s and its rapid evolution in the 1980s, a need 
for a new, more modern network simulator was 
indicated. Such a simulation capability has now 
been developed and employed to study not only the 
current SPC-CCIS network, but anticipated 
deployment of DNHR in the network (described 
beginning in Section 3). 

The SPC-CCIS Network Simulator models the 
progression of calls through a network of 
No. 4 Electronic Switching Systems (ESS) and 
associated trunking employing CCIS. The 
simulation includes the signa1ing links and 
associated Signal Transfer Points (STPs). The 
simulator emulates in as much detail as is 
feasibl e , ~it~in the constraints of reasonable 
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computer resource requirements, the important 
elements of call and signal processing along with 
the various overload and congestion control 
mechanisms. To this end, while each call is 
faithfully modeled as regards its progress through 
the network, some auxiliary processes and related 
CCIS messages are statistically modeled as an 
appropriate proportion of the more key events. 

CClS NETWORK 

SIGNALING 
LINK 

OTHER 
SWITCHING 
SYSTEMS 

CALL ARRIVAL MESSAGE CALL PROGRESSION MESSAGE 

CALL 
FAILURE 
MESSAGE 

NO. 4 ESS 

Fig. 1 No. 4 ESS-CCIS call processing. 

FORWARD 
CALL 

Fig. 1 shows a simplified view of the No. 4 ESS
CCIS processing of calls. The process is 
initiated by the arrival of a message over the 
CCIS network indicating a call attempt to the 
No. 4 ESS. A call register (one of many 
engineered in a No. 4 ESS) is seized if available. 
If all are currently in use, the call arrival is 
placed on a short queue provided to handle 
momentary peaks in load. In the event that the 
queue is full, the call is failed and a CCIS 
failure message is transmitted to the preceding 
switching system. Similarly the route and trunk 
hunt process, if unsuccessful, results in a 
similar call failure message. Successful 
processing by the No. 4 ESS results in a CCIS 
message to the succeeding switching system where a 
similar process ensues. These call processing 
events are accomplished by No. 4 ESS SPC software; 
thus their speed is dependent upon the processing 
load. In the No. 4 ESS this load is measured by 
the Base Level Cycle (BLC) length which is the 
average time the processor requires to execute a 
complete cycle through all of its operational 
program modules. The simulator calculates a BLC 
length based on the summation of the work times 
associated with each call processing event and 
other indirectly call-related variables. The 
currently calculated BLC i s then employed by the 
simulator to regulate its mm processing of 
events, thus mimicking SPC processing of calls in 
a n actual No. 4 ESS. 
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Fig. 2 CCIS message transmission. 

Fig. 2 depicts the CC IS message transmission 
process including the signaling link buffer queues 
and signaling links associated with the No. 4 ESS 
and the STPs. These processes along with 
No. 4 ESS and STP processing cycle speed determine 
the delay and potential congestion of CCIS 
messages. 

Employment of the SPC-CCIS network simulator 
requires the development of scaled network models, 
since even with a large modern computer, a total 
Bell system MTS network simulation is not 
feasible. Utilizing reasonable computer resources 
(1 hour running time, 5 Mbytes of directly 
accessible storage on an IBM 3033/3081 complex) 
results in a limit of about one million simulated 
call attempts/hour. Since this is less than the 
engineered capacity of two No. 4 ESSs, a real 
network or network segment of reasonable size and 
diversity cannot be directly simulated. Rather a 
model network with scaled trunk dimensioning, and 
scaled switching system load capacity must be 
constructed. 

The importance of the basic differences between 
the SPC-CCIS network and an EM-MF network can be 
appreciated by observing the simulated 
hierarchical network overload performance shown in 
Fig. 3. This figure shows the number of calls in 
progress in a model network of 30 No. 4 ESSs (see 
Fig. 6 in Section 5 for network statis t ics) as a 
function of load in excess of that f o r which the 
network is engineered. Engineered load is 
represented at the 1.00 overload factor, and 
uniform overloads (all point-to-point initial 
offered loads increased by the same factor) up to 
twice engineered load were simulated. As c an be 
seen, the SPC-CCIS network even in the absence of 
network management controls (desc r ibed in 
Section 4) shows relatively robust perfo rmance for 
this overload scenario. Contrasted with the 
comparable result from the earlier EM-MF simulator 
without controls the improvement is dramatic. The 
chief mechanism for this improvement is the 
immediate CCIS transmission of a call failure 
message whenever a call cannot progress through 
the network. In conventional signaling only the 
absence of a seizure as detected by a time-out 
indicates failure. Such time-out mechanisms 
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Fig. 3 SPC-CCIS hierarchical network performance. 

promote the spread of congestion by increasing 
common equipment holding times appreciably under 
overload. That this is the important advantage of 
CCIS is demonstrated by the curve where SPC-CCIS 
network operation is altered by simulating an 
overload-dependent delay in the transmission of 
the call failure message. Here the SPC-CCIS 
network overload performance is seen to 
essentially mimic that of the EM-MF network. 

Employment of network management controls improves 
SPC-CCIS overload performance even further, but 
they are of more importance for scenarios other 
than that displayed in Fig. 3. For example even 
at an overload factor of 2.00 the CCIS network 
does not normally congest due to its redundant 
capacity provided for high reliability. If, due 
to partial failure this capacity margin is lost, 
performance worse than that of Fig. 3 results in 
the absence of controls. Additionally, the 
apportionment of capacity to successful calls 
provided by selective network management controls 
is of great value in non-uniform overload 
situations which are predominant in the actual 
nett-lOrk. 

3 . DYNAMIC NONHIERARCHICAL ROUTING OVERVIEW 

Dynamic, nonhierarchical routing (DNHR) is 
proposed for initial introduction into the 
interexchange (intercity) telecommunications 
network starting with No. 4 ESS offices in the 
mid-1980s (2). All DNHR trunk groups will be 
equipped with CelS. A network employing DNHR 
requires fewer trunks and trunk miles than the 
current hierarchically designed network. Calls 
overflowing the hierarchical network enter the 
DNHR network at an Originating Toll Switch (OTS). 
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They exit the DNHR network at a Terminating Toll 
Switch (TTS). Within the DNHR network, calls are 
routed from an OTS to a TTS on (i) the direct, 
single-link OTS-TTS path, or (ii) on a two-link 
path through a "Via" Toll Switching System (VTS). 
If a call overflows the second leg of a two-link 
connection at a VTS, then the call is "cranked 
back" to the OTS for routing to alternate VTSs in 
the OTS-TTS routing sequence. Crankback is 
accomplished by communicating between No. 4 ESS 
offices via the CCIS network. The dynamic nature 
of DNHR is accomplished by a set of one- and two
link routing choices from an OTS to a TTS whic i1 
vary by time of day and remain fixed only within a 
"load set period" (typically a few hours). For 
each load set period, the traffic is allocated to 
a routing sequence which adapts to, and benefits 
from, noncoincidence of traffic loads. 

When all engineered DNHR paths between t he OTS a.nd 
TTS are busy, DNHR allows calls ~lhlcll ,·muld 
otherwise be blocked to be offered by the OTS to 
additional "real-time" (RT) two-link paths that 
are not already used as part of the engineered 
(planned) routes. A control mechanism allows a 
trunk group to be used as a real-time extension to 
the planned routes only if the group has at least 
10 percent of its trunks idle. Real-time paths 
improve network service during unpredictable 
overloads and failures, thus incorporating in DNHR 
most of the features previously accomplished with 
Automatic Out-of-Chain (AOOC) routing (1). 

4. PROPOSED AUTOMATIC DNHR NETWORK MANAGEMENT 
CONTROLS 

Two protective automatic network management 
controls are used in the current hierarchical 
network: Selective Dynamic Overload Control (SDOC) 
which responds to SWitching system congestion, and 
Selective Trunk Reservation (STR) which responds 
to trunk congestion (1). SDOC and STR are 
selective in the sense that they control traffic 
destined for hard-to-reach (HTR) points more 
stringently than other traffic, typically 
alternate-routed traffic. 

For use in the DNHR nett-lork, SDOC and STR will be 
modified into their respective DNHR variants 
called DNHR-SDOC (D-SDOC) and DNHR-STR (D-STR). 

Figs. 4 and 5 summarize some of the key features 
which differentiate D-SDOC and D-STR from the 
existing automatic controls. The complexity of 
DNHR routing makes it necessary to place more 
emphasis on fully automatic controls that are 
reliable and robust and do not depend on manual 
administration. Thus, manual administration of 
D-SDOC and D-STR has virtually been eliminated. 
For instance, D-SDOC and D-STR will respond 
generically, i.e., as a function of the SWitching 
system software program. For D-STR, the generic 
response is coupled with two generically 
determined trunk reservation threshold levels, 
represented by the number of idle trunks in a DNHR 
trunk group. D-STR trunk reservation levels are 
automatic functions of the trunk group size. In 
the hierarchical network, STR trunk reservation 
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Fig. 4 No. 4 ESS dynamic overload controls. 
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Fig. 5 No. 4 ESS trunk reservation controls. 

threshold levels must be manually administered on 
a per trunk group basis. 

D-SDOC and D-STR are no longer strictly trunk 
group dependent but they also depend on the 
OTS-TTS node-to-node pair to which a controlled 
call belongs. A call offered to an overloaded VTS 
will either be canceled at the OTS or advanced to 
an alternate VTS, depending on the TTS destination 
of the call. D-STR will differentiate between 
single-link (l-link) and two-link (2-link) calls 
Instead of first-routed and alternate-routed 
calls. 

D-SDOC and D-STR also distinguish themselves by a 
simplified method of obtaining HTR control 
selectivity. In the hierarchical network, HTR 
codes are administered on a per trunk group basis. 
In the DNHR network, HTR codes will be detected by 
the TTS and communicated by the TTS to the OTSs 
and VTSs. Since the TTS is the only exit point 
from the DNHR network, the OTS (and VTS) will 
treat a TTS-detected HTR code as hard-to-reach on 
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all DNHR trunk groups. 

Figs. 4 and 5 indicate two additional differences 
between existing and DNHR automatic controls. 
SDOC and STR must currently be manually enabled 
for automatic response. D-SDOC will be 
permanently enabled on all DNHR trunk groups. 
D-STR will be automatically enabled by an OTS on 
all DNHR trunk groups when that OTS senses general 
network congestion. D-STR is particularly 
important in the DNHR network because it minimizes 
the use of two-link connections and maximizes 
useful network throughput during overloads (3). 
The automatic enabling mechanism for D-STR will 
ensure its proper activation without manual 
intervention. 

We see from Figs. 4 and 5 that D-SDOC and D-STR 
will automatically determine whether to subject a 
controlled call to a cancel or skip control. In 
the cancel mode, affected calls will be blocked 
from the network, whereas in the skip mode such 
calls will skip over the controlled trunk group to 
an alternate trunk group. In the hierarchical 
network the choice between the cancel and skip 
response to SDOC and STR must be manually 
administered on a per trunk group basis. 

In summary, D-SDOC and D-STR are completely 
automatic controls. Capabilities such as 
automatic enabling of D-STR, the automatic 
skip/cancel mechanism, and the D-STR 1-link/2-link 
traffic differentiation will adapt these controls 
to the DNHR network and make them more robust and 
powerful automatic controls than their 
hierarchical counterparts. 

5. DNHR NETWORK CONGESTION CHARACTERIZATION 

A study of the performance of the proposed DNHR 
network and control technique was conducted 
employing the SPC-CCIS simulator described in 
Section 2. For this purpose separate 30 node 
hierarchical and DNHR network models were 
engineered using traffic data from existing 
switching systems extrapolated to the mid-1980s. 
The DNHR network was engineered as described in 
(2), and the hierarchical network employed the 
standard Bell System engineering programs. The 
characteristics of these networks are displayed in 
Fig. 6. Other model networks were constructed and 
exercised with similar results. 

Fig. 7 shows the throughput of the DNHR and 
hierarchical networks as measured by calls in 
progress after two hours of steady-state 
simulation. As in Fig. 3 an overload factor of 
1.00 represents engineered load, whereas a factor 
of 2.00 represents twice engineered load. As was 
explained in Section 2, the SPC-CCIS network 
exhibits respectable uniform overload performance 
under nominal conditions even with no network 
management controls enabled. DNHR network 
performance, however, is seen to be inferior to 
that of the hierarchy in the absence of controls 
at light overloads. This is due to the tendency 
of DNHR to multi-link route when trunk congested 
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Fig. 6 Model network characteristics. 
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Fig. 7 Overload performance with and without 
controls. 

as described in (3). The D-STR control remedies 
this deficiency, and when it is employed with the 
D-SDOC control to relieve switching system 
congestion at the higher overloads, DNHR network 
overload performance is seen to be essentially 
identical to that of the hierarchy. 

Fig. 8 shows the comparative performance of 
simulated DNHR and hierarchical networks with and 
without controls with the average successful call 
holding time increased by a factor of two (from 6 
minutes to 12 minutes). This is not an unusual 
condition during a peak day or holiday. Here the 
reduction in DNHR network overload performance 
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2 .00 

compared with its hierarchical counterpart in the 
absence of network management controls is even 
more striking. These results are strongly 
corroborated by the trunk network analysi s of (3). 
In fact when model differences such as the retrial 
model are reconciled, agreement is virtually 
perfect. 

The explanation for the difference in DNHR 
performance with the change in holding time is 
that increasing the holding time moves the primary 
congestion source from the sWitching systems to 
the trunk network. Thus, the full impact of the 
DNHR multi-link routing propensity under trunk 
congestion is experienced here. A similar effect 
results for normal holding times when the 
switching systems have excess attempt capacity. 
Again the application of network management 
controls is seen to almost eliminate this 
degradation, although in this basically trunk
limited situation, the larger number of trunks in 
the hierarchical network results in slightly more 
throughput under large uniform overloads. 

Fig. 9 examines the impact on DNHR network 
throughput of a reduction in No. 4 ESS processor 
capacity. Here the normal network throughput as 
shown previously in Fig. 7 with and without 
network management controls is again displayed. 
For comparison, results for an identical DNHR 
network employing No. 4 ESS with the processor 
capacity reduced to just that needed to handle 
engineered capacity is shown. (Currently deployed 
No. 4 ESSs possess a necessary margin of processor 
capacity beyond engineered load to provide for 
growth contingencies). The need for the 
employment of network management controls is clear 
when the robustnes s of the current SPC-CCIS 
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network is compromised. 

2 .00 

The results just shown exhibit only a sampling of 
the extensive simulation of DNHR and network 
management control techniques undertaken. 
Simulation of a wide variety of overload and 
problem scenarios have permitted development of 
the DNHR network management controls to a high 
degree of sophistication and confidence. This 
work provides convincing evidence prior to its 
deployment that extensive automated control of the 
DNHR network is both feasible and desirable. 

6 . NETWORK MANAGEMENT DNHR OPERATIONS 

3 ased on recent court rulings, the current local 
Bell System operating companies will be divested 
from the American Telephone and Telegraph Company 
(AT&T) and will form separate Bell Operating 
Companies (BOCs) that will own and operate the 
intraexchange (local area) networks. As shown in 
Fig. 10 the current Network Management Centers 
(NMCs) and their EADAS/NM (Engineering and 
Administrative Data Acquisition System/Network 
Management) support systems will provide network 
management operations support for the divested BOC 
intraexchange networks. 

Regional Network Operations Centers (RNOCs) lo1i11 
provide centralized network management support for 
the hierarchical portion of the AT&T interexchange 
(inter-local area) network after divestiture. A 
new system, called the Network Management 
Operations System (NEMOS), is planned for 
introduction in 1985 to provide network management 
support for the DNHR portion of the AT&T 

. interexchange network. T\TEH()(' {'7i ll be a single 
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Fig. 10 Network management centers and systems. 

system covering the entire DNHR network. The 
highly interconnected nature of the DNHR network, 
along with its time-varying, nonhierarchical 
routing patterns, makes it impractical to 
subdivide the DNHR network for network management 
purposes. 

The current Network Operations Center (NOC) (1) 
will be expanded into the National Network 
Management Center which will be supported by the 
Network Operations Center System (NOCS) and NEMOS. 
The NOCS will provide coordination among the RNOCs 
and furnish network management operations support 
for the CCIS network, its STPs, and for Network 
Control Point (NCP) based services such as 
800 Service (1). During the transition period 
from hierarchical routing to DNHR, many No. 4 ESSs 
will perform both hierarchical and nonhierarchical 
interexchange routing functions. A No. 4 ESS will 
communicate with NEMOS for DNHR and with EADAS/NM 
for hierarchical network management support. 

NEMOS will detect network management problems 
based primarily on node-to-node data rather than 
trunk group data as is done in today's 
hierarchical network. When necessary, DNHR 
network managers will use node-to-node controls 
that affect particular OTS-TTS traffic parcels, 
instead of trunk group controls that affect 
traffic offered to or overflowing a particular 
trunk group. Node-to-node controls include cancel 
controls and route controls. 

The greater reliance on automatic controls 
described in Section 4, and the robustness of 
SPC-CCIS networks which prevent catastrophic 
degradations under overload, reduce the need for 
manual network management controls and make it 
feasible to manage the DNHR network in a single 
center. The centralized NEMOS data base for the 
entire DNHR network will support algorithms which 
will ultimately implement many node-to-node 
reroutes automatically under the supervision of 
DNHR network managers. 
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7. SUMMARY 

A significant advancement in the use of network 
management control and surveillance techniques for 
intelligent networks with flexible routing has 
been presented. Simulation results of large-scale 
representative networks have been illustrated. 
They support the need for the proposed revisions 
in network management strategies to meet this 
radically different network topology which 
capitalizes on emerging technological 
capabilities. This work provides convincing 
evidence prior to its deployment that extensive 
automatic control of the DNHR network is both 
feasible and desirable. The robustness of the 
SPC-CCIS network under overload conditions with 
the proposed DNHR completely automatic controls 
also reduces the need for manual controls and 
makes it feasible to manage the entire DNHR 
network at a single operations center. A new 
centralized support system for this DNHR network 
management center is planned. With the strategy 
described in this paper the DNHR network 
ma nagement challenge can be met. 
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Q-.l (B. Mizon) 

What real-time data will the DNHR switches be sending to the 
centralized network management (NM) system? How -often will 
the data be sent? 
(Haenschke, Kettler, Oberer) 

A.l 4ESS will send the following data to NEMOS, the DNHR NM operations 
support system: 

5-MINUTE DATA 

Node-to-node data (offered attempts, overflow, usage) 
- Switching system performance data (total incoming/outgoing 

attempts, ineffective attempts, counts of calls affected by 
NM ~nd CCIS contr6ls) -

- DNHR trunk group data (offered att~mpts, overflow, usage) 
- Trunk group data for a limited set of hierarchical trunk groups, 

etc. 

30-SECOND EVENt DATA 

- Congestion thresholds exceeded 
- Swithcing system-detected CCIS network overloads and failures 
- NM controls active, etc. 

AUDIT DATA (REQUESTED BY NEMOS) 

- Controls in effect 
- DNHR routing data to specific destination (terminating toll switch) 
- Changes in NM controls not initiated by NEMOS, etc • 


