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Abstract— The State of Connecticut owns and operates a state of 

the art, ultra-high-speed, Dense Wavelength Division Multiplexing 

fiber optic network that serves as a dedicated transport 

infrastructure and interconnectivity pathway for public safety and 

government applications and services.  The focus of this research 

will be on the secondary Cisco Carrier Packet Transport network 

platform using machine learning to analyze the high (this is 

relative and brings up many other questions. How about 

“unacceptable” or “significant?”) failure rate of the Packet 

Transport Fabric (PTF) cards and predict and avoid future failure 

events.   

  

Index Terms— Dense Wavelength Division Multiplexing, Cisco 

Carrier Packet Transport, Packet Transport Fabric cards.   

I. INTRODUCTION  

The State of Connecticut owns and operates a state of the art, 

ultra-high-speed, Dense Wavelength Division Multiplexing 

(DWDM) fiber optic network that serves as a dedicated 

transport infrastructure and interconnectivity pathway for public 

safety and government applications and services. The Public 

Safety Data Network (PSDN) connects 110 Public Safety 

Answering Points (PSAPs) in Connecticut that provide the 911 

Emergency Answering Service to the citizens of the state. This 

network also interconnects all State Police and Local Police 

Departments and provides connectivity to centralized criminal 

information systems such as NCIC, NLETS and AFIS. In 

addition to the PSDN is the Nutmeg Network, a similar optical 

transport network which provides private and public network 

connections to Public Safety, Municipal and Educational 

customers within the state. Collectively, the two networks 

consist of approximately 8,800 miles of dark fiber, with the 

Nutmeg portion adding 399 optical nodes or Points of Interest 

(POIs) all designed with the highest levels of redundancy.   

The public safety and first responder services that traverse the 

PSDN network are critical to the citizens of Connecticut, 

therefore the reliability of the network components is key. If an 

element fails, its replacement should operate at 100 percent and 

 
1 This is a preliminary doctoral dissertation proposal by a candidate in the DPS program.  

operate for a substantial duration of time. However, since the 

inception of the Phase 2 portion of the network in early 2013, 

there have been a large number of failures (ditto) of the PTF 

cards in the Carrier Packet Transport optical shelves.  All of the 

on-ring locations have two methods of carrying critical public 

safety traffic via a primary MSTP and a secondary Cisco Carrier 

Packet Transport (CPT) system element.  The focus of this 

research will be on the secondary CPT network platform using 

machine learning to analyze the high failure rate (ditto) of the 

Packet Transport Fabric (PTF) cards and predict and avoid 

future failure events.  

II. NETWORK TOPOLOGY  

The topology of the network is shown in Fig. 1.  

  

Fig. 1. Network Topology: Logical Representation  



III. THE TECHNOLOGY  

   The PSDN network was designed using Ethernet over SONET 

based resilient packet ring topology with an MPLS core for the 

delivery of the end user services.  Seven main bidirectional fiber 

optic rings utilizing SONET technology comprise the phase I 

network. Co-located at all of the phase I sites are the CPT 

network equipment which constitutes the phase II network.  

MPLS-TP is the protocol used to provision all of the customer 

services.  

IV. PROBLEM STATEMENT  

   The public safety and first responder services that traverse the 

PSDN network are critical to the citizens of the State of 

Connecticut; therefore, the reliability of the network 

components is key. Key requirements of the network design 

were 5-9’s carrier grade with high availability, reliability and 

survivability.   

If a network component fails, its replacement should operate 

at 100 percent and operate for a substantial duration of time. 

However, since the inception of the Phase II portion of the 

network in early 2013, there have been a large number of 

failures of the Packet Transport Fabric (PTF) cards in the Carrier 

Packet Transport (CPT) optical shelves.  The focus of this 

research will be to analyze the high failure rate PTF optical 

network cards in the Phase II CPT network platform using 

machine learning.  

V. RESEARCH APPROACH/METHODOLOGY  

The approach uses historical data collected from the failed 

cards in Weka (1st time used, not explained) to predict future 

failure events.  The data collection method has been manual and 

ongoing since the inception of the network.  The serial numbers 

and locations of the failed cards are manually entered into a 

database.  As part of the historical database record, the date of 

when each card went into service was also recorded.  This will 

facilitate determining the number of hours a card was in service 

before failing.  

The tools that will be used for data analysis are Microsoft 

Excel for organization and as the source files for Weka and 

Weka to analyze the data.  

VI. RELEVANCE AND SIGNIFICANCE  

Relevant and significant outcomes of this research include 

operating in a proactive manner for field replacements, maintain 

the 5-9s reliability and network uptime availability that was an 

original goal mentioned in the feasibility study and more 

accurate forecasting of self-insured maintenance spares.  

One specific objective the research will address will be if the 

algorithm is able to accurately predict future failures of the PTF 

cards then a proactive maintenance program of card replacement 

can be established as opposed to the current reactive state 

currently in operation.  

VII. KEY USE CASE  

The use case begins when the subject matter expert or senior 

network engineer performs monthly analysis of the optical 

network components.  This analysis serves as a health check for 

the network and as a trigger for preventative maintenance where 

network components which are near the end of their useful life 

or subject to fail are identified for replacement. The machine 

learning algorithm will be used to predict CPT PTF card failures 

before they occur or as they begin to fail. (This is the heart of 

the invention. Can you give any more information?) Field 

engineers perform replacements via a scheduled maintenance 

window after the cards in question have been identified. The use 

case ends when all the cards identified have successfully been 

replaced.  

A. Frequency of Use  

The analysis of the network data using the machine-learning 

algorithm would be completed monthly.  

B. Primary Actor  

The primary actor is a subject matter expert or senior network 

engineer analyzing the CPT optical network shelves.  

C. Secondary Actor  

The secondary actor is a field engineer responsible for 

performing the scheduled maintenance replacement of the PTF 

cards in the optical shelves in the field.  

D. Preconditions  

The preconditions are as follows:  

a. SME or SNE performs the analysis and identifies 

components to be replaced  

b. field engineer has an ample supply of spare PTF cards 

for replacement  

c. notification is made to all potential customers who may 

be affected by the proposed scheduled maintenance  

E. Flow  

The flow is as follows:  

a. The subject matter expert or senior network engineer 

will perform a monthly analysis of the optical network 

components by obtaining the data report, converting the data to 

the machine learning format and analyzing the data using the 

algorithm  

b. If any of the high failure rate PTF cards are found to 

be near the end of their useful life or subject to fail they are 

flagged for replacement  

c. The SME or SNE communicates the list of PTF cards 

along with locations which need to be replaced to the field 

engineer in priority order  

d. The field engineer checks the master inventory to 

ensure there are a sufficient supply of replacement spares in 

stock  

e. The field engineer makes the appropriate requests and 

notifications of date, approximate duration of scheduled 

maintenance and time to:  

1) the customers who will be affected by the scheduled 

maintenance,   

2) the NOCs who are monitoring the network,   

3) the local contacts for site access to the equipment  

f. The field engineer goes to the various sites and with 

the SME or SNE engaged performs the card replacement  



g. Once the card is replaced and the network has 

stabilized, the field engineer proceeds to the next site or returns 

to the home office  

h. Additional notifications are sent to the same recipients 

stating the successful completion of the maintenance  

This process may be spread across several days depending on 

the number of sites to be visited.  

F. Exceptions  

The exceptions are as follows:  

a) If at any time after the field engineer is headed to a site 

to replace a card, there is a failure elsewhere in the network or 

there is no visibility to any of the optical components via 

management, the scheduled maintenance will be cancelled and 

rescheduled.  

b) If any of the replacement components are DOA or fail 

to work as expected prior to the field engineer leaving the site, 

the scheduled maintenance will be cancelled and rescheduled.  

G. Level  

The level is high due to the critical nature of the public safety 

services which traverse the network.  

H. Stakeholders  

The stakeholders are as follows:  

The Department of Emergency Services and Public Protection 

and the Department of Statewide Emergency  

Telecommunications (owners of the network).  

Department of Administrative Services/Bureau of Enterprise 

Systems and Technology (maintainers and supporters of the 

network)  

Customers (end users of the network): various state 

government, local government, municipal government, and 

non-profit entities  

I. Organizational Benefit   

The most important benefit would be to understand the 

characteristics, trends and patterns of the high failure rate cards 

and implement a proactive maintenance replacement program to 

maintain a high availability network.  

  


