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ABSTRACT 

A dynamic, nonhierarchical routing (DNHR) architecture 
is being planned for the AT & T intercity network. This network will 
evolve from its present five-level structure to a structure consisting of 
DNHR switching nodes at the upper level with subtending 
hierarchical switching nodes at the lower level. DNHR allows the 
choice of traffic paths to change with time of day and is not 
constrained by a hierarchical ranking of the switching nodes. With 
this flexibility, DNHR achieves a greater utilization of trunks than 
the current time-invariant, hierarchical routing, and reduces the trunk 
requirements in the network. DNHR will have a significant effect on 
network operations. In general, DNHR operations require the 
centralized coordination and closer integration of switch planning, 
forecasting, servicing, routing administration, and network 
management. Centralization of these operations plus the automation 
of functions such as routing changes and network management 
controls should lead to increased operational efficiency and improved 
network performance. Several studies have shown that (a) DNHR is 
economically attractive and technically feasible, (b) DNHR network 
performance is comparable to that of the hierarchy, and (c) with 
proper automation, operation of a DNHR network is quite tractable. 
We plan a phased introduction of DNHR beginning in mid-1984. 

1. DNHR Architecture 

The intercity dynamic nonhierarchical routing (DNHR) 
network will have a radically different architecture from that of 
today's hierarchical network. We present here a functional view of 
the DNHR architecture. This view is consistent with the planned 
divestiture of the Bell Operating Companies from the AT &T 
Interexchange Carrier (A TTIX). For purposes of clarity, however, 
many details related to the ownership of various network elements are 
omitted. We begin our discussion of DNHR by describing its 
architecture in three dimensions: network structure, routing, and 
operations. 

1.1 DNHR Network Structure 

Figure 1 illustrates the planned network structure for 
incorporating DNHR in the ATTIX intercity network. DNHR is 
applicable to stored program control-common channel interoffice 
signaling (SPC-CCIS) networks. The A TTIX intercity network will 
move rapidly over the next decade toward total deployment of SPC-' 
CCIS. 

As shown in Figure 1, the SPC/DNHR network will have 
only one class of switching system, and end-offices will continue to 
home on tandem offices in the DNHR environment as they do today 
in the hierarchy. The DNHR portion of the A TTIX intercity 
network will consist of No. 4 ESSs and possibly other electronic 
switching systems interconnected by CCIS. Dynamic routing rules 
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Figure 1. NETWORK CONFIGURA nON 

will be used only between DNHR nodes, and conventional 
hierarchical routing rules will be used between all other pairs of 
nodes. In addition, there will be a large number of smaller 
metropolitan and rural switching offices employing only the 
hierarchical rules. Many of these smaller systems will home directly 
on DNHR nodes and, as illustrated by tandem T6 in Figure 1, traffic 
can also be concentrated in the hierarchical network through the use 
of conventional homing patterns. From the viewpoint of the intercity 
hierarchical nodes, the intercity DNHR nodes appear as a large 
network of regional centers, and hierarchical routing patterns are 
therefore defined by this hybrid structure. 

The DNHR network handles three kinds of load. The 
first is the load that originates and terminates at end-offices homed 
directly on DNHR nodes; for example, EOl to E06 traffic (Figure O. 
The DNHR network must also route overflow and through-switched 
loads from the hierarchy. Overflow load from the EOl to E07 traffic 
and through-switched load from EOl to E08 are examples of these 
latter two categories of load, which are also regarded as T2-to-Tl 
loads within the DNHR network. 

A DNHR originating node will be able to identify a call 
first entering the DNHR network as one of the three components of 
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load and also determine the terminating node within the DNHR 
network. Once a call is identified from the routing translations as 
being a DNHR call, dynamic routing rules will be employed to 
complete the call on at most two .DNHR trunk groups between the 
DNHR originating node and the DNHR terminating node. 

1.2 Dynamic Routing Method 

The dynamic routing method, called two-link dynamic 
routing with crankback, is illustrated in Figure 2. The example is for 
intercity DNHR, but a similar routing technique can also be applied 
to metropolitan DNHR [11. The strategy capitalizes on two factors: 

(i) selection of minimum cost paths between the originating and 
terminating nodes; and 

(iD design of optimal, time-varying routing patterns to achieve 
minimum cost trunking by capitalizing on non-coincident 
network busy periods. 
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Figure 2. TWO-LINK DYNAMIC ROUTING WITH CRANKBACK 

The dynamic, or time varying, nature of the routing 
scheme is achieved by introducing several "route" choices. The routes 
consist of different sequences of "paths," and each path has one or, at 
most, two "links" or trunk groups in tandem. In Figure 2, the 
originating office at San Diego (SNDG) retains control over a 
dynamically routed call until it is either completed to its destination at 
White Plains (WHPL) or blocked. A call overflowing the second leg 
of a two-link connection (e.g., the ALBY -WHPL link of the SNDG
ALBY -WHPL path) is returned to the originating office (SNDG) for 
possible further alternate routing. Control is returned by sending a 
CCIS crankback signal from the via-node (ALBY) to the originating 
office. 

Each of four routing sequences illustrated in Figure 2 uses 
a subset of the six paths in a different order. Each routing sequence 
results in a different allocation of link flows {e.g., first choice paths 
receive the maximum flow of a node-to-node load}, but all satisfy a 
node-to-node blocking requirement. As shown in the figure, the paths 
used in various time periods need not be the same. Allocating traffic 
to the optimum route choice during each time period leads to design 
benefits due to the noncoincidence of loads. Since many intercity 
traffic demands change with time in a reasonably predictable manner, 
the routing also changes with time to achieve maximum trunk 
utilization and minimum network cost. Initially, ten DNHR time 
periods will be used to divide up the hours of an average business day 
into contiguous routing intervals. 

The network design method depends primarily on 
performing off-line, centralized computations that determine the 
optimal routing patterns from a very large number of possible 
alternatives in order to minimize the network cost. Rather than 
search for optimal routing patterns in real-time, we perform this 
search off-line using a centralized forecasting system and a centralized 
servicing system, which employ the DNHR design algorithms [2]. 
The effectiveness of the off-line design depends on how accurately we 
can forecast the expected load on the network. Forecast errors are 
corrected in the demand servicing process, which allows routing 
changes to replace trunk augments whenever possible. The only 
decisions necessary in real-time involve network conditions that 
become known in real-time, such as actual (not forecasted) loads, 
failures, and overloads. 

The real-time, traffic-sensitive aspect of the routing 
strategy, also illustrated in Figure 2, involves the use of additional 
"real-time" paths for possible completion of calls that overflow the 
preplanned routing sequences. The preplanned or "engineered" paths 
are designed to provide the objective grade of service. The real-time 
paths, which are determined by the central forecasting system, provide 
additional possible completion of calls that would otherwise be 
blocked, subject to trunk reservation restrictions [3]. (Trunk 
reservation requires that a specified number of trunks - the 
"reservation level" - be free on each trunk group before a real-time 
connection is allowed. This prevents calls that normally use a trunk 
group from being swamped by real-time-routed calls.> 

1.3 DNHR Network Operations 

Figure 3 provides an overview of the flow of administrative 
information among the operations support systems required to 
implement DNHR. The systems identified in the figure address three 
basic functions presently required for the hierarchical network: switch 
planning, circuit and routing administration, and network 
management. This section will provide a general description of these 
functions in a DNHR environment as well as a synopsis of how each 
operations support system is used. 
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Figure 3. OPERATIONS SYSTEMS REQUIRED FOR INTERCITY 
DNHR 

Switch Planning Function 

The DNHR switch planning functions are a) identifying 
switch exhaust dates and b) determining switch relief plans in the 
DNHR network. DNHR switch planning will be performed by a 
centralized planning group and decentralized area study teams. 
DNHR planners will use data generated in the forecasting system to 
initiate the planning function. Hence, switch relief studies will be 
initiated, monitored, and updated semi-annually as are DNHR 
forecast views. 
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The DNHR planners will be supported by a DNHR 
planning system to determine switch relief plans [41. Two principal 
modules are involved in the planning system. The centralized 
planning group uses the exhaust prediction module to determine the 
date of DNHR switch exhausts and the switch relief studies that need 
to be initiated. The central planning group delegates the relief studies 
to decentralized area study teams which employ the second principal 
module -- the relief analysis module -- to generate switch relief 
options. Options available to the area study teams are redirection of 
tandem switched (via) traffic, rehoming of subtending offices, or 
installation of additional capacity. 

The central planning group merges the results of the 
various area studies into an integrated switch relief plan. Each 
planning cycle - from the initiation of the relief studies to the entry of 
plans into the forecasting system data base - will require at least 12 
months to complete. 

Circuit and Routing Administration 

The DNHR circuit and routing administration functions 
are a) providing a multi year forecast of trunking/routing 
requirements for the DNHR network, b) monitoring the service being 
provided in the DNHR network, and c) planning and scheduling the 
trunking/routing changes that are necessary to maintain objective 
network performance. To forecast trunking and routing requirements 
for the DNHR network, forecasters will use the end office-to-end 
office traffic data gathered in a centralized message data system. 
These data are used to drive the centralized DNHR forecasting 
system, which will produce semi-annual trunking and routing 
forecasts. This multi year trunk forecast will be used by facility 
planners as input to their short and long range facility network plans 
and by the trunk servicers to plan, schedule, and implement trunking 
and routing changes required for the upcoming forecast period. 

To perform demand servicing functions, the trunk 
servicers will use node-to-node traffic data gathered by the No. 4 ESS 
and delivered on a daily basis to the centralized DNHR servicing 
system. The DNHR servicing system will be run weekly to report on 
network service and, if necessary, generate trunking and routing 
changes to restore objective service. A "service evaluator" capability 
embedded in the DNHR servicing system will predict node-to-node 
blocking in the DNHR network and thus aid in the evaluation of 
servicing actions. The DNHR servicing and forecasting systems will 
also have a module to insure that transmission constraints, such as not 
permitting paths having excessive loss, are met by the routing prior to 
being implemented in the network for the upcoming forecast period. 
All routing changes in the DNHR network will be initiated through 
the servicing system and automatically entered into the ESS memory 
via the DNHR routing administration system. 

The entire DNHR network will be forecasted and serviced 
through the use of the centrally operated, mechanized support systems 
discussed above. Embedded within these support systems will be the 
DNHR design algorithm [21, which will determine the trunking and 
routing for the entire DNHR network. 

The collection of node-to-node surveillance data will allow 
a more detailed assessment of network performance than is possible 
today. This assessment will provide direct feedback to the circuit 
administrators on the effectiveness of their forecasting and servicing 
operations and should lead to greater accuracy in network 
provisioning. 

Network Management 

The DNHR network management function is to ensure 
that network resources are utilized to the fullest possible extent in the 
face of unusual and unpredictable conditions such as network failures 
or overloads. The DNHR network management functions will 
ultimately be performed in a single, centralized location. DNHR 
network managers will use traffic data collected by the No. 4 ESS and 
delivered to the DNHR network management system in near real
time. 
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In the DNHR environment, greater reliance will be placed 
on automatic network management controls activated by each No. 4 
ESS than in today's hierarchical network. Controls such as selective 
trunk reservation [51 will provide automatic modification of traffic 
flows in the DNHR network to maximize throughput under unusual 
conditions. 

Capabilities are also provided for real-time network 
performance monitoring and for manual controls that can be activated 
by the network manager through the network management system. 
The automatic controls should provide an efficient response to unusual 
network conditions, however, so that the manual controls would be 
needed only as emergency back-ups. 

DNHR Network Operations Summary 

DNHR provides an opportunity to implement fundamental 
changes in network operations. Since DNHR requires the centralized 
coordination of switch planning, forecasting, servicing, routing 
administration, and network management, these operations will likely 
achieve greater efficiency. The closer integration of network 
provisioning and surveillance functions and an increased level of 
automation, such as automatic network management controls and 
automated routing updates, will contribute to this increased 
operational efficiency and improved network performance. 

With the architecture thus described and an operational 
plan to implement that architecture, we conclude on the basis of study 
results presented in· the next section that: a) DNHR is economically 
attractive and technically feasible, b) DNHR network performance is 
comparable to that of the hierarchy, and c) with a proper level of 
automation, operation of a DNHR network is quite tractable. 

2. Economic and Technical Feasibility 

This section summarizes the results of several economic 
and technical feasibility studies that were performed to evaluate the 
DNHR concept. 

2.1 Economic Analysis 

The economic benefits of DNHR were examined on a 
215-node intercity network model, which represents all potential 
DNHR switch locations in the 1990s. The economic analysis 
accounted for the costs associated with the introduction of DNHR: 
the cost of DNHR development and systems engineering, the 
increased real-time consumption in the No. 4 ESSs (causing earlier 
switch exhausts), the signa ling load in the CCIS network, the 
collection of new traffic data to support network servicing, and the 
trunk rearrangements during the transition from hierarchical to 
DNHR operation. 

Figure 4. 2IS-NODE INTERCITY NETWORK MODEL 
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The 215-node model of the intercity network projected for 
the 1990s is shown in Figure 4. This model comprises the 140 nodes 
representing No. 4 ESS locations and 75 nodes representing smaller 
electronic tandems serving large metropolitan areas. For the loads 
projected for 1989, a DNHR design was made for the 140-node No. 4 
ESS network with the use of 10 time periods, while a hierarchical 
design was made for the remaining 75 nodes with three time periods, 
as is the current practice. As stated earlier, the DNHR nodes are 
treated as regional centers for the design of the hierarchical portion of 
the network. 

The study assumed that DNHR will be phased into the 
network starting in 1984, and that DNHR development expenditures 
occur during 1981-1984. The economic benefits were analyzed over 
the ten-year period 1987-1996, with the savings (present worth of 
expenditures) discounted to 1983. Standard inflation rates were 
assumed for equipment and for trunk-maintenance costs. 

The results showed that DNHR design of the network 
interconnecting the 140 No. 4 ESS nodes results in savings of about 
14 percent of the cost of the hierarchical network. This is consistent 
with the results of earlier studies on smaller networks [21. The figure 
for net savings is $650 million, referenced to 1983, which includes the 
cost items noted above. This savings figure assumes that the historical 
growth rate of the intercity network will continue. If that growth rate 
marginally decreases or increases, the savings figure would change in 
rough proportion to the change in the growth rate. 

If the DNHR network is designed for all 215 nodes, the 
savings obtained increase to 15 percent of the hierarchical cost. This 
corresponds to an additional net saving of about $200 million, also 
referenced to 1983. 

2.2 Large-Scale Optimization 

The saving in network cost achieved by the DNHR design 
algorithm depends upon a) the simultaneous consideration of all nodes 
in the network, and b) the use of a sufficient number of time periods 
to capture the noncoincidence of peak traffic in the different portions 
of the network. In view of this "global" character of the design 
algorithm, the question arose whether DNHR networks of the size 
projected for .the 1990's could be designed by means of the proposed 
algorithm with the use of reasonable computational resources. 

Advances in optimization techniques for DNHR design 
have made possible striking reductions in the run-time and storage 
requirements for the design of large scale networks: 

(iO 

A new formulation of the routing optimization problem was 
developed that greatly reduces the combinatorial complexity 
of the problem [2,61. This formulation affords large 
reductions in computer storage requirements and significant 
improvements in the run-time of the optimization step in 
comparison to earlier formulations of the design procedure. 

A heuristic algorithm, used to solve the linear program 
(LP) that describes the routing optimization step [2] in the 
design, runs hundreds of times faster than the most efficient 
general-purpose commercial LP package that was tested, at 
the expense of a small deviation from the optimum LP 
solution. 

Improved algorithms for traffic calculations (such as the 
calculation of trunk-group blocking by the Erlang-B 
formula) have speeded up these calculations by a factor of 
about 20. 

(iv) A disk interface that allows routing data to be swapped on 
and off disk-storage devices permits the design of large 
networks since not all the data need to reside in core
memory at one time. The need for such an interface should 
diminish with the expected increase in the size of computer 
memories. 

Various large network models were used to test the 
DNHR design algorithm, including the 140-node and 215-node 
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network models discussed in the previous section. As an example of 
run time, the 140-node model was designed, for ten daily time periods, 
on an IBM 370-168 computer system in approximately five hours of 
CPU time. 

Design of the intercity DNHR network projected for the 
1990s is, in fact, feasible by means of the current design algorithm 
with the use of existing computer technology. 

2.3 Transition from Hierarchical Routing to DNHR 

The trunk group sizes determined by the DNHR design 
show that the trunk requirements are, when compared to the 
hierarchical design, reduced on some groups but increased on others, 
although the overall cost of trunk requirements is reduced. A 
transition strategy was developed through the use of a network 
simulation model, in which the transition was accomplished over ' the 
first three years of the ten-year study, in the following phases: in year 
1, one third of the nodes were converted to DNHR, in year 2 the 
second third were converted to DNHR, and in year 3 the entire 
network became a DNHR network. 

From the simulation studies we found that the wide 
differences between hierarchical and DNHR trunk requirements 
would make it inefficient not to disconnect trunks below their existing 
hierarchical levels when -a group is first converted to DNHR. If 
trunks are not disconnected, capacity is left in places where it remains 
under-utilized. This causes a significant delay in realizing the savings 
of DNHR. A better transition strategy would allow the size of a 
DNHR trul)k group to be determined without reference to its previous 
hierarchical size, and would implement augments or disconnects, as 
necessary. After groups are in the DNHR network, however, a 
provisioning method would be used that minimizes rearrangement [3]. 

The trunk disconnects required by this transition strategy 
are about three times the normal level, but nevertheless are feasible to 
implement. The cost of implementing these trunk rearrangements was 
included in the economic analysis of DNHR. 

2.4 Network Performance 

The effects of DNHR on network performance were 
studied with respect to overloads and failures, transmission quality, 
network blocking, and processing load on the SPC-CCIS network. 
The results of these studies are given in the next four sections. 

2.4.1 Overload and Failure Response 

A network designed for greater efficiency could be 
expected to be more susceptible to network overloads and failures 
because of the reduced number of trunks in the network. An SPC
CCIS simulator, which was used to investigate these concerns, 
included a No. 4 ESS model, a CCIS network model, automatic 
network management controls, and DNHR capability [71. The 
simulation study compared the overload and failure response of a 
small intercity network model designed for both hierarchical routing 
and DNHR. 

The No. 4 ESS model embedded in the simulator 
incorporates switch queueing mechanisms. Switch congestion arises 
when No. 4 ESS real-time resources are exhausted or when calls 
spend much of their holding time waiting in queues rather than being 
served by the switch. The simulation also includes retrials for calls 
which fail to complete; these retrials become significant if the 
switching nodes go into congestion and calls are blocked by timing
out. 

The automatic controls available in this simulator are 
selective dynamic overload control (SDOC) and selective trunk 
reservation (STR) [51. SDOC helps prevent switch congestion by 
limiting attempts coming to a switch from other connecting switches. 
Maximum control is imposed on traffic which has a low probability of 
completion; hence the control is selective. STR helps prevent trunk 
congestion by using trunk reservation techniques to give preference to 
one-link calls over two-link calls. 
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Figure 5. NETWORK OVERLOAD PERFORMANCE 

The results for general overloads are shown in Figure 5. 
Each node-to-node load was increased above its engineered value as 
indicated on the horizontal axis. The vertical axis measures the 
average number of calls in progress and is a measure of how 
efficiently the network is completing calls. The results for the 
situation without controls are encouraging because, as also shown in 
Figure 5, the SPC-CCIS network does not degrade under very large 
general overloads nearly as badly as did the network of 
electromechanical No. 4A toll switches. This behavior results from 
the powerful controls internal to the No. 4 ESS call processing 
software, which were modeled in the SPC-CCIS simulator. One such 
control prohibits an excessive number of calls from queueing for a 
limited number of call registers in the No. 4 ESS. Such controls 
behave similarly to the dynamic overload control in turning calls away 
fron:t congested switches. 

With No. 4 ESS automatic controls applied, also shown in 
Figure 5, both networks improve dramatically and have comparable 
performance even up to 250 percent of engineered load. The 
implication is that switch congestion is the dominant effect; the large 
difference in the number of trunks in the DNHR and hierarchical 
networks has no visible effect on the results. 

Simulation of focused overloads also shows that the 
DNHR network performance is comparable to that of the hierarchy. 
Studies of facility failures and switch failures indicate that the 
DNHR netw.ork is able to carry more calls than the hierarchical 
network under such conditions because of its ability to route around 
such failures. 

These results show that DNHR is robust under overloads 
and failures with automatic controls active and performs comparably 
to the hierarchy either with or without controls applied. 

2.4.2 Transmission Quality 

Network design techniques for DNHR achieve their 
greatest network efficiency (least cost) by allowing routing to be left 
unconstrained with regard to path lengths. Transmission constraints 
are needed for the DNHR network, however, to force the network 
design to satisfy transmission quality objectives without sacrificing 
network efficiencies. 
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A study was completed using a small intercity model in 
which the transmission performances of the hierarchical design and 
DNHR design were compared. The results are displayed in Figure 6 
in which the loss-noise-echo grade of service (GOS) is displayed 
versus the direct (airline) distance of a connection. The GOS is 
determined from customer opinion models and can be interpreted as 
the relative transmission quality of a connection. For a given 
connection distance, there is a distribution, over the various parcels in 
the distance range, of the percentage of customers perceiving 
connection quality as being good or better. Tms diMribution ~ 
dependent on variation in traffic routing. The lOt , 50t , and 90t 

percentiles of this distribution are displayed. 

There are counterbalancing effects of DNHR on 
transmission performance. DNHR paths can use a maximum of two 
intertandem links versus seven in the hierarchy, but DNHR paths 
might also be more indirect. The results show that for distances 
exceeding 1000 miles, DNHR suffers a 1 to 2 percectage point 
degradation in comparison to the hierarchy in the lOt percenti~ 
range and considerably less degradation in the 50th and 90t 

percentile ranges. The degradation above 1000 miles stems from the 
greater likelihood of routing over two-link tandem connections in the 
DNHR network. Below 1000 miles, the performances are entirely 
comparable. We also found that the maximum of two links in the 
DNHR network as opposed to seven in the hierarchy leads to less 
contrast in possible connection qualities for DNHR. 

The conclusion reached is that DNHR transmission 
performance is comparable to that of the hierarchy; however, to insure 
this performance, the following constraints are imposed in the 
intercity DNHR netw9rk: 
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2.4.3 Blocking Performance 

The DNHR network will be designed for a node-to-node 
blocking objective, as opposed to today's hierarchical design, which 
maintains a one percent average blocking objective on final groups. A 
comparison of the blocking performances of the hierarchical design 
and DNHR design led to a recommendation that the blocking level 
between DNHR nodes not exceed one percent. Simulation studies 
indicate that this objective, in combination with the real-time routing 
capabilities described earlier, realizes node-to-node blocking 
performance somewhat better than that of the hierarchy. 

Increased levels of objective network blocking were also 
studied since a potential capital saving might be achieved in the 
DNHR network design. As node-to-node blocking is raised, there is 
indeed an additional capital saving since fewer trunks are required for 
higher blocking. However, a significant revenue loss arises from 
additional customer abandonments. Hence, a low blocking objective is 
preferred. 

2.4.4 Processing Load on the SPC-CCIS Network 

DNHR will generate loads on the SPC-CCIS network 
that will consume additional real-time resources both in the switching 
system and in the CCIS network. To measure these effects, a smaU 
intercity model was used to simulate the high-day loading of both the 
hierarchical and DNHR networks. Ten high-Monday loads were 
generated using a high-Monday average load distribution in which the 
average high-Monday traffic exceeds the average business day (ABD) 
traffic by about 5 percent, and the day-to-day traffic varies according 
to a gamma distribution. The day-to-day variation is necessary to 
simulate the expected volatility of the switch loads. Volatility is 
defined as the ratio of the peak-day switch load to the average of the 
ten high-day loads, and is approximately 1.08 in the network today. 

Since the No. 4 ESS is engineered for the peak-day load, 
the quantity of interest is the sum of the peak-day loads in the 
DNHR network in comparison to the same sum in the hierarchical 
network. These sums should reflect the increased switch loads due to 
DNHR. The results are compared in Figure 7. We find that the 
average DNHR load is higher by about 4 percent as a result of 
increased tandem load and crankback traffic. Tandem load goes up in 
the DNHR network because of the greater likelihood of a two-link 
connection in the peak hour. Also, the total originating and 
terminating loads are different in Figure 7 because the two networks 
generally have their peak switch loads in different hours. 
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To translate the increased switch load into cost, we 
estimated the cost impact of earlier exhaust of DNHR switches versus , 
hierarchical switches. To do this, we compared the peak loads on 
each switch in the 140-node subnetwork (Figure 4) over the ten-year 
study period 1987-1996. During this period, the cumulative number 
of exhausts for DNHR is consistently higher than the number for the 
hierarchy, though not all DNHR switches exhaust earlier. In 
particular, some of the large switches, notably regional centers, are 
deloaded by the use of DNHR. The .result of this analysis predicts a 
cost penalty for DNHR due to earlier switch exhausts which is small 
compared to DNHR benefits. 

A similar study of increased CCIS load was performed for 
the 140-node network discussed above. DNHR and hierarchical 
designs were compared and the increase in CC IS loads estimated. 
The results showed that the ten-year cost of the load increase was 
very small. The cost penalties of the increased switch load and the 
increased CC IS load were included in the economic analysis. 

2.5 Network Operations 

DNHR will have a significant effect on network 
operations, as explained in Section 1.3. The two main areas of 
concern are routing administration and data collection. 

2.5.1 Routing Administration 

The routing changes needed to implement either the 
network forecast or the recommendations of the trunk servicer in the 
DNHR environment will be more numerous and require more timely 
attention than in today's hierarchical environment. The volume and 
timeliness of these. data made it necessary to formulate a new 
operations process for routing administration. 

Routing and truhk requirements will be forecast for each 
of four forecast periods during the year in order to account for 
seasonal variations in traffic patterns. Therefore a complete set of 
DNH routing information must be loaded into each DNHR switch at e 
the beginning of each forecast period. The magnitude of this job for a 
large network makes the current manual process untenable. 

The implementation of routing changes for servicing also 
places previously unforeseen requirements on the routing 
administration process. These changes, which are only a small 
fraction of the number required for a forecast period change, may 
have to be made as frequently as once a week. Thus, the time to 
implement these changes must be kept as short as possible. Once 
again, the current manual process is simply not suitable for this task. 

These requirements point toward the development of a 
system that automates the routing administration process. This 
system will be able to accept the outputs from the forecasting and 
servicing systems and to create the necessary inputs to change the 
routings in the switches. This system, therefore, will allow the 
efficient and timely handling of all routing changes necessary in the 
DNHR network. The routing administration process for DNHR has 
been deemed feasible with the deployment of this new system. 

2.5.2 Data Collection 

The centralized message data system in use today for the 
hierarchy will satisfy the need for point-to-point data to support 
DNHR forecasting, although new node-to-node traffic data must be 
collected to support DNHR servicing. The additional data required 
for DNHR servicing are node-to-node usage, peg count, and overflow, 
by hour. These data will be collected at each DNHR node 
(aggregated for each terminating DNHR node) and provided daily 
through a centralized data collection system to the DNHR servicing 
system. The cost of collecting these intercity node-to-node data was 
determined to be quite small and was included in the economic 
analysis. 

3. Plans 

The transition froin the present hierarchical network to 
the intercity DNHR network will occur in phases, commencing in e 
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mid-1984 with an initial deployment of DNHR in sixteen existing No. 
4 ESS nodes. The initial phase will involve all ten No. 4 ESS V.S. 
regional centers, five sectional centers and one primary center. In 
1986, nine additional No. 4 ESS nodes are planned to be added to the 
intercity DNHR network. Rapid intercity DNHR expansion is 
planned to begin in 1987 with the remaining intercity No. 4 ESS 
nodes expected to become part of the intercity DNHR network by 
1989. 

The DNHR switch planning, circuit and routing 
administration, and network management operations support systems 
described in this paper will therefore be developed and deployed over 
this transition period. 
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0.1 (B. Ehgoetz) 

A.l 

DNHR will be phased in from 1984 to 1989. Estimated .. net savings, 
which is the trunk savings minus the switching penalty and development 
costs, ·are approximately $650 - $850m. 

What part of the .savings is due to reduced .demand servicing of the 
DNHR trunk groups, or has this operational benefit been quantified? 

(G.R. A-sh, A~H. Kafker, K.R. ~Krishnan) 

The savin.gs figure presented in the .paper does NOT include 
savings that would result from the reduced level of demand 
servicing underDNHR. Such · savings would depend . on several 
factors such as the· load forecast errors which necessitate 
demand servicing and various administra-tive policies that are 
followed in the network. In our simulation studies, the DNHR 
demand servicing savings were found to be in the range of 
2-5 percen-t of the network 'cost; this would add about $200 million 
to the savings stated in the -paper. 


