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Summary

UMD Workshop on Risk Analysis for Autonomous Vehicles: Issues and Future Directions 

We have witnessed remarkable technology advancements and competitions in autonomous and 
connected transportation vehicles. These include major developments of self-driving electric cars 
by new technology development companies such as Waymo and Tesla, and by the traditional 
automobile manufacturers that include the Ford Motor Company, Mercedes-Benz and Rolls-
Royce.  

In this rapidly changing world, cities are growing fast. With urban centers dealing with record 
levels of traffic and pollution, the United Nations has identified increasing urbanization as one of 
the defining trends of the 21st century. This growth is also causing a shift from individual 
vehicle ownership to the use of shared mobility options such as ride-hailing services. Most of our 
infrastructure was built to meet the needs of individually used vehicles. However, most of those 
vehicles sit idle about 95% of the time. Because of this, as much as 30% of the real estate in city 
centers is devoted to parking. 

The Ford Motor Company, for example, sees this as an opportunity to design smart vehicles for a 
smart world. If applied correctly, new technologies can enable solutions to help city 
transportation systems improve the quality of life for everyone. That’s why Ford is approaching 
these opportunities in a holistic way. The company recognizes that just injecting new mobility 
technologies and services into a city or neighborhood won’t solve their existing challenges and 
may even make them worse. 

While technology development has been the prime focus of the most recent technology 
innovations, the industry’s advances on the issues of safety, risk and reliability has been slow. A 
number of accidents and near-misses have already occurred, the mean distance driven to an 
unsafe condition, near miss or accident has been far shorter than the conventional road vehicles.  

While the public at large is extremely excited about these technologies, concerns over safety, 
software reliability, security, hacking/misuse, and licensing are mounting. Given some vacuum 
in formal safety, risk, and reliability considerations in this of rapidly evolving transportation 
technology, convergence of many related resources involving academia, autonomous vehicle 
industry, insurance and related government agencies would be desirable to identify and address 
the related technology, policy and regulatory developments needed.  

Far more attention by the industry and research by the government would be needed to close 
these safety gaps. Some of the major issues identified by the workshop as examples of the safety 
improvement needs include: 

• Need to develop more case studies.
• Building of more incentives on the part of the industry to promote, further satisfy and

engage with NHTSA
• Development of clear top-down safety requirements.
• Reliance on more modern safety and risk-based analysis methods and simulations.



• Avoidance of using the old safety analysis methods practiced in the conventional level-0 
and level-1 vehicle technologies, and develop new out-of-the-box safety methods. 

• Investigate and optimize the use of more redundancies in the safety equipment of 
driverless vehicles. 

• Develop approaches for better safety enforcement  
• Understand, study and model the role of human behavior and intensions in fully 

autonomous vehicles.  
 



PROGRAM 
Workshop on Risk Analysis for Autonomous Vehicles: Issues and Future Directions 

April 26, 2019 
Kay 1-2 Boardrooms 

A.J. Clark School of Engineering 
University of Maryland 
College Park, MD USA 

 
8:00-8:30 Registration, Coffee and Donuts 
 
8:30-8:45 Welcome Messages and Objectives 
 
Prof. Mohammad Modarres, Nicole Y. Kim Eminent Professor of Engineering, University of 
Maryland (UMD) 
 
Prof. Darryll J. Pines, Nariman Farvardin Professor and Dean A.J. Clark School of Engineering, 
University of Maryland  
 
8:45-9:15 Sponsors Messages: ASME and Ford Motor Company Interests in Autonomous 
Vehicles (Dr. M. Pourgolmohamad, ASME SERAD Chair-Elect, Sr. Manager at Johnson 
Controls Inc., Moderator) 
 
Dr. Said Jahanmir, President of ASME 
 
Dr. Vasiliy Krivtsov. Director of Reliability Analytics, The Ford Motor Company 
 
9:15 – 10:15 (Part I) Advances in Safety and Coordination Frameworks of Connected 
Autonomous Vehicles (Dr. Mark Fuge, Assistant Professor UMD, Moderator)  
 
Prof. Phil Koopman, Associate Professor of Electrical and Computer Engineering, Carnegie 
Mellon University  
Assuring Autonomous Vehicle Safety 
 
Autonomous vehicles bring with them the promise of dramatically reduced road mishaps. However, making self-
driving cars as safe as a person is more difficult than is widely acknowledged. Unimpaired human drivers, while 
imperfect, are actually quite impressive. While computers don't drive drunk, they do have failure modes that differ 
dramatically from humans, especially in the area of perception. Ensuring safe deployment of this technology will 
require significant augmentation to existing safety standards. In particular, we will need to find a responsible way 
manage uncertainty as a first class citizen, and to determine an acceptable level of risk tolerance while we wait the 
years it will take for the technology to mature. 
 
Prof. Andreas A. Malikopoulos, Terri Connor Kelly and John Kelly Career Development 
Associate Professor, University of Delaware 
A Decentralized Energy-Optimal Control Framework for Connected and Automated Vehicles 
 
We are currently witnessing an increasing integration of energy and transportation, which, coupled with human 
interactions, is giving rise to a new level of complexity in the next generation of transportation systems. Connected 
and automated vehicles (CAVs) provide the most intriguing and promising opportunity for enabling users to better 



monitor transportation network conditions and make better operating decisions to reduce energy consumption, 
greenhouse gas emissions, travel delays and improve safety. While several studies have shown the benefits of CAVs 
to alleviate traffic congestion and reduce fuel consumption in specific transportation scenarios, one key question that 
remains unanswered is “how much can we improve fuel consumption, if we assume that the vehicles are connected 
and can exchange information with each other and with infrastructure?” In this talk, I will present a decentralized 
optimal control framework whose closed-form solution exists under certain conditions, and which yields for each 
vehicle the optimal acceleration/deceleration at any time in the sense of minimizing fuel consumption. The solution 
allows the vehicles to cross the intersections and merging roadways without the use of traffic lights, without creating 
congestion, and under the hard safety constraint of collision avoidance. 
 
10:15- 10:30 BREAK 
 
10:30 – 12:15 (Part II) Policy, Technology and Regulatory Initiatives (Dr. Lei Zhang, Ph.D. 
Herbert Rabin Distinguished Professor, Director, Maryland Transportation Institute, Moderator) 
 
Mr. Gregory Slater, Administrator, Maryland Department of Transportation 
Maryland Cybersecurity Initiatives in a Connected and Autonomous World.  
 
The rise of new technologies has and will continue to increase mobility choices that test the State’s transportation 
resiliency. Maryland Department of Transportation State Highway Administration’s (MDOT SHA) Administrator 
Mr. Gregory Slater will provide a brief overview of MDOT SHA’s initiatives in the digital infrastructure world, how 
we plan to support public needs and shape a safe and efficient transportation network. 
 
Ms. Dee Williams, Deputy Associate Administrator for Vehicle Safety Research, National 
Highway Traffic Safety Administration (NHTSA), U.S. Department of Transportation 
NHTSA’s FMVSS Considerations for Vehicles with Automated Driving Systems 
 
The presentation will cover NHTSA’s policy, research, and regulatory efforts under consideration at the Agency for 
vehicles equipped with Automated Driving Systems (SAE L3-L5).  
 
Ms. Marjory S. Blumenthal, Director, Science, Technology, and Policy Program 
RAND Corporation, Washington, DC Office 
Measuring Automated Vehicle Safety: Building Better Outcomes and Policy 
 
Public trust—and the public interest—in automated vehicles demands understanding of how safe they are, especially 
once they operate on public roads.  Today, the race to develop working and, ultimately, commercially deployed AVs 
is characterized by idiosyncratic approaches.  Not only do developers make different choices for their essential 
technologies, they approach testing in different ways and they report testing results both selectively and in 
developer-specific ways, even when seeming to use the same measure.  Recently completed research shows how it is 
possible to have a framework for measuring AV safety that is technology- and company-neutral.  Using such a 
framework would foster both comparability across companies and vehicles and broader understanding of the safety 
performance of AVs as they progress through development to deployment.  Such a framework could be 
complemented by additional steps to foster transparency and comparability.  Public policy provides the backdrop 
and shapes the incentives for progress that also involves collective action by industry. 
 
Prof. Mohammad Modarres, Director Center for Risk and Reliability (CRR) 
What we can learn from risk-informed approach to regulating nuclear power plants? 
 
This presentation offers an overview of the way risk of accidents has been addressed in design and operation of 
nuclear power plants by the nuclear industry in the U.S. It draws a parallel between the early stages of the nuclear 
energy development and the current trends in the autonomous vehicle development. The presentation points to 



nuclear industry’s efforts to restore and manage safety over its 60 years history. On the basis, conclusions will be 
drawn about the relevance of the formal probabilistic risk assessment and risk-informed decision making to 
autonomous vehicles design and policy development. 
 
12:15-1:45 LUNCH Speaker: Dr. Roger McCarthy, P.E., McCarthy Engineering  
(Welcome and introduction by Dr. Bala Balachandran, Minta Martin Professor of Engineering 
and Chair, Department of Mechanical Engineering) 
 
No vehicle technology has caused more excitement, investment than potential vehicle “autonomy” (SAE or NHSTA 
level 4 & 5). Since the “critical pre-crash event” of ~94% of US traffic accidents is a “driver critical reason(s),” 
vehicles driven by a fast-autonomous agent that does not blink, sleep, drink, etc. spawn “predictions” of 
unprecedented safety impact. Autonomous vehicle potential to revolutionize western economies is inestimable. The 
8% utilization of current automobiles could increase 10X as autonomous cabs. The vast tracts of real estate now 
dedicated to road side parking, driveways, and garages could be reclaimed.  
Unfortunately, the “hype” surrounding all US self-driving vehicles, even though they are using somewhat different 
technologies, significantly overstates the current capabilities of the technology, and the foreseeable improvements in 
the next few years to operate on normal road interacting with human drivers. This is apart from autonomous vehicles 
having no demonstrated ability in snow or rain, which accounts for the overwhelming testing miles in sunny states. 
The early overall crash rates for self-driving prototype vehicles under ideal conditions has been less than promising, 
even though virtually always the fault of the other driver. The actual safety record of Tesla’s “autopilot,” while less 
than true autonomy, is not a cause for optimism. 
Because of these challenges, and issues of lability, security and privacy, the most significant active accident 
prevention will increasingly result from the deployment of automatic “backup” systems that monitor the driver, 
automatically intervene to prevent crashes, but don’t actively drive. An example is 99% of new vehicles in the US 
Market by 2022 will have an automatic emergency braking (AEB) system.  
 
1:45 – 3:00 (Part III) Experiences and Advances in Safety of Autonomous Marine Vehicles 
(Dr. Katrina Groth, Assistant Professor UMD, Moderator) 
 
Prof. Ali Mosleh, NAE, Distinguished Professor and Evelyn Knight Chair in Engineering, 
University of California, Los Angeles (UCLA). 
Highlights of the First International Workshop on Autonomous Systems Safety, Reliability, and 
Security 
 
The First International Workshop on Autonomous Systems Safety (IWASS-1) was recently held in Trondheim 
Norway, co-sponsored by UCLA and Norwegian University of Science and Technology (NTNU). The objective of 
the workshop was to identify common challenges related to safety, reliability and security (SRS) of autonomous 
systems, and propose possible solutions for those challenges. A white paper distributed to the attending 40 experts 
from academia, industry, and governmental agencies, proposed the following topics as the focus of the workshop: 
How to make the case for autonomous system SRS; (b) Approaches to modeling and analysis of autonomous systems 
SRS; (c) Risks and benefits of human being in the loop; and  (4)  Issues in establishing safety standards, oversight, 
regulations, and liability. Two and half days of plenary presentations and discussions by four breakout groups on these 
subjects resulted in preliminary conclusions presented at the end of the workshop. This talk will summarize the key 
findings of IWASS-1 and provide a personal perspective on the challenges in assuring Safety, Reliability, and Security 
of autonomous system.   
 
Dr. Jeevith Hegde, Postdoctoral Fellow, Department of Marine Technology, Norwegian 
University of Science and Technology, Norway. 
Development of Safety Envelopes for Underwater Vehicles 
 
This talk presents the implementation of dynamic safety envelopes for Autonomous Remotely Operated Vehicles 
(AROVs). A safety envelope is defined as a three-dimensional spatial area around the AROV, which forms a virtual 



protective barrier against collision with known and unknown obstacles in the subsea environment. The Octree 
method is used to setup the cuboidal shape of the proposed safety envelope. A Fuzzy Inference System (FIS) is 
modeled to derive the size of the dynamic safety envelope. The three inputs of the proposed FIS are vehicle velocity, 
probability of acoustic sensor failure and time to collision risk indicator. A user interface allows for verification and 
visualization of the resulting dynamic safety envelope during live laboratory tests. The results show that similar to 
vehicular envelopes in other industries, dynamic safety envelopes can be implemented on AROVs. Dynamic safety 
envelopes may also be used to model the behavior of AROVs when confronted with different collision scenarios. 
 
Dr. Mario Brito, Associate Professor in Risk Analysis and Risk Management, University of 
Southampton, UK 
From autonomous underwater vehicles to unmanned marine surface vehicles: Reflections on risk 
models and expert judgment elicitations 
 
Over the years, risk models have been developed to manage different types of hazards for marine autonomous 
systems. In this talk I will present a review of different models, discuss their effectiveness and limitations. 
The risk model can be informed by historical failure data, subjective expert judgments or by a combination of these 
two sources of assessments. 
 
When we attempted to combine historical data with expert subjective judgments, we realised that a new type of 
survival models was required. I will discuss this model and how this has been used to support actual decision 
making of marine autonomous systems operations in extreme environments. I will also discuss extensions to this 
model to capture other types of hazards. 
 
3:00-3:15 BREAK 
 
3:15 – 4:15 (Part IV) Autonomous Vehicle Traffic Safety and Trajectory Planning 
Research (Dr. Jeffrey Herrmann, Professor of Mechanical Engineering and Institute for Systems 
Research, UMD, Moderator) 
 
Prof. John Baras, Lockheed Martin Chair in Systems Engineering and Distinguished University 
Professor, Electrical and Computer Engineering, University of Maryland 
Assured and Composable Safety in Connected Autonomous Vehicles 
 
Prof. Gang-Len Chang, Director, Traffic Safety and Operations Lab., Department of Civil 
Engineering, University of Maryland.  
Managing AV flows under different levels of highway congestion: A case study of MD100 
congestion management 
 
Recognizing the need for responsible highway agencies to effectively manage emerging AV flows in contending 
with daily recurrent congestion, this study has presented a systematic procedure for understanding the AV flows’ 
impacts on the traffic conditions under different AV behavioral mechanisms (i.e., car-following and lane-changing), 
penetration rates.. Our research results have indicated that the presence of AV flows, depending on their adopted 
behavioral mechanisms, may have significant (either positive or negative) impacts on the overall traffic conditions. 
Hence, it is essential for responsible highway agencies to have proper operational guidelines to manage and 
coordinate with AV flows.  To demonstrate the proposed methodology, this study has further conducted simulation 
experiments using a congested segment of MD-100 network under various AV penetration rates and behavioral 
mechanisms. The collected MOEs highlight that at each AV penetration level there exists a set of optimal behavioral 
mechanisms for the AV flows to coordinate with non-AV flows via the V2I or V2V infrastructure so as to maximize 
the roadway capacity and minimize the resulting highway congestion. 
 
 



4:15-4:30 BREAK  
 
4:30 – 5:30 OPEN DISCUSSION 
   
5:30: ADJOURN  
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Road to Automation

• Safety

• Economics

• Mobility

• Efficiency and Convenience

• Levels of driver assistance technology to full 
automation

NHTSA
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Future of Mobility, New Ecosystem

» Smart & Reliable Infrastructure

» Broadband & Cybersecurity

» Vehicle Technology

» Sensors & Software

» Standards

» Regulations

» Education



4

Role of Engineering Societies

The engineering community focused on design, 
safety, reliability and efficiency.

Forum for technology discussions and 
dissemination

Educating the public for acceptance

Advocacy to legislative/regulatory bodies

Development and dissemination of standards



• Discipline of Mechanical Engineering established in 
1870 at Stevens Institute of Technology

• ASME Charter, 1880 “to meet and associate 
together to read and discuss professional papers, 
and to circulate by means of publication among its 
members”

• Annual Transactions documented vibrant early 
years of professional meetings and published 
papers  

• President Robert H. Thurston provided guiding 
philosophy for Society’s aim: “Care of self, of family, 
of friends, of fellow-citizens and of mankind.”

Creating, recording & sharing the activities of a Society 
“founded on a vision of a world served by mutual cooperation and aimed at mutual welfare”

History of ASME 



The ASME Family
Members – Volunteers – Staff – Customers
• 100,000+ Members 
• 35,000+ Volunteers
• 28,000+ Students
• 1,000+ Sections & Student Sections
• 36 Technical Divisions 
• 700 Code Committees (500+ Standards)
• 570,000+ Social Media Followers

All Working Together Toward One Objective



History of ASME 

The Tradition Continues

Setting the Standard since 1880



ASME’s Interest in AVs
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• Autonomous Land, Aircraft and Ocean Vehicles 
• Automation that Reshapes the Future of Cities
• Robotics to Provide Safety and Protection to Human Life
• Safety of Complex Systems that Engage Human 

Interaction 
• Understand Both the Benefits and Risks of Autonomous 

Technologies



Related ASME Activities 
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• Journals/Books/Conferences

• Technical Divisions (Safety Engineering and Risk/Reliability 
Analysis Division, Design Engineering Division, ED, Computers 
& Information Systems, Micro/Nano Systems, and others)

• Standards Committee, Mobile Unmanned Systems (MUS)

• Unmanned Aerial Systems (UAS), crawlers/ground robotics, 
and submersibles



The American Society of Mechanical Engineers ® (ASME ® )

Thank you
SERAD, Ford Motor Co. & University of 

Maryland

SAID JAHANMIR, PH.D.
ASME PRESIDENT
JAHANMIRS@ASME.ORG

26 APRIL 2019 

The American Society of Mechanical Engineers ® (ASME ® )
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Why Transportation Needs to Evolve
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Delivery Services of the Future
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Ford’s Autonomous Driving Systems Milestones
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Connected Vehicles Technology
V2I "Vehicle to Infrastructure" The technology captures data generated 
by the vehicle and provides information about the infrastructure to the driver. 
The V2I technology communicates information about safety, mobility or 
environment-related conditions.
V2V "Vehicle to Vehicle" The technology communicates information about 
speed and position of surrounding vehicles through a wireless exchange of 
information. The goal is to avoid accidents, ease traffic congestions and have 
a positive impact on the environment.
V2C "Vehicle to Cloud" The technology exchanges information about and 
for applications of the vehicle with a cloud system. This allows the vehicle to 
use information from other, though the cloud connected industries like 
energy, transportation and smart homes and make use of IoT.
V2P "Vehicle to Pedestrian" The technology senses information about its 
environment and communicates it to other vehicles, infrastructure and 
personal mobile devices. This enables the vehicle to communicate with 
pedestrians and is intended to improve safety and mobility on the road.
V2X "Vehicle to Everything" The technology interconnects all types of 
vehicles and infrastructure systems with another. This connectivity includes 
cars, highways, ships, trains and airplanes.
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Ensuring Reliability through Redundancy
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ADAS Redundancy Modelling | Classical RBD Representation
Human Component (A)

ADAS Warning Systems (B)

ADAS Crash Avoidance (C)

Passive Safety Systems (D)
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System Reliability Model:

Reference: K Hojjati-Emami, BS Dhillon , K Jenab (2012) “Reliability prediction for the vehicles 
equipped with advanced driver assistance systems and passive safety systems” Int. J of Industrial 
Eng Computations s 3 (2012) 731–742.
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Design Life Implications
Usage rate of average conventional passenger cars is 5%
This translates into 72 mins in 24 hrs
In a mixed, primarily urban duty cycle, with 30 MPH 
average speed, this further translates into ~13,140 
miles/year
Current design life target: 10YIS|150K (90th percentile)

Reference: JW Wasiloff (2018) “How Ride Sharing and Autonomous Vehicles 
impact Customer Usage and Reliability”, Automotive Excellence, No. 1-2018, 4-7.

Usage rate of ride sharing and autonomous cars is 
expected to be (at least) 75%
This translates into 1,080 mins in 24 hrs
In a mixed, primarily urban duty cycle, with 30 MPH 
average speed, this further translates into 197,100 
miles/year
What should be design life target then?
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Reliability Demonstration Implications

Reference: N Kalra & SM Paddock (2016) “Driving to safety: How many miles of driving would it take to 
demonstrate autonomous vehicle reliability?” — Transportation Research Part A: Policy and Practice, Elsevier.

These findings support the need for alternative methods to supplement real-world testing in order to assess 
autonomous vehicle safety. These methods may include but are not limited to accelerated testing (Nelson, 2009), 
virtual testing & simulations (Chen and Chen, 2010; Khastgir et al., 2015; Olivares et al., 2015); maximal admissible safe 
interval simulations (Kianfar et al., 2013); scenario & behavior testing (California Department of Motor Vehicles, 2015; 
Sivak and Schoettle, 2015); and special pilot studies (ANWB, 2015), as well as extensive testing of hardware and 
software systems.”
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Advanced Diagnostics & Vehicle Health Monitoring
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Censoring Implications
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deviation of the monthly mileage 
accumulation rate

Vehicle age
(in months)

Daily odometer readings 
completely resolve(!) the 
problem of censoring estimation
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 Complex technical systems during their operational life, are subject to preventive 
maintenance (PM), which is necessary to meet these systems' reliability and availability 
(readiness) requirements. 

 The question is what should be the optimal schedule of such actions? Optimal in the sense 
that high frequency of these actions increases the cost of maintaining system's operation but 
reduces the cost due to the system's downtime, while low frequency – decreases the cost of 
maintaining system's operation but increases the cost due to the system's downtime.

PM Cost

PM Frequency

cost of down-time

optimum

Reliability Based Maintenance Optimization
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Problem Statement
 A component is replaced upon a failure or at a predetermined time, whichever occurs first. 
 What is that predetermined time, T , which minimizes the overall maintenance cost?
Maintenance Cycle Length:

Maintenance Cost Model

C(T) = overall cost of maintenance per unit time | Cf = cost of failure | Cr = cost of replacement
R(T) = reliability function of the underlying failure time distribution (e.g. Weibull)
F(T) = unreliability function (CDF) of the underlying failure time distribution

∫ ∫=⋅+⋅=
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replacements 
upon a failure

replacements 
at a predetermined time

Optimal Replacement  for Non-repairable Components
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Optimal Replacement Time for Non-repairable Components

Cost of 
replacement and 
failure, respectively

Optimal 
replacement 
time







 == 0)]([arg TC

dt
dT

Weibull parameters 
characterizing the 
failure trend



Condition Based Maintenance | Brake Pads Example
U.S. patent 
application (Ford)
No. 14/563101 
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A Virtual Sensor for Brake Pad Thickness
Brake pad wear is proportional to the consumed kinetic energy 
during a breaking event

( )
2

2
2

2
1 VVmW −

∝∆
m = vehicle mass
V1, V2 = vehicle speed before
and after breaking, respectively 
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w

w xR w x µ
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 −
= −Φ 

 

where:
w is brake pad wear; Φ() the standard 
normal CDF for normal and lognormal 
distributions and the smallest extreme 
value CDF for the Weibull distribution; µ, 
σ are the location and scale parameters of 
the wear distribution, respectively.
x is the vector of explanatory 
variables such as consumed energy 
(kinetic + potential), temperature, 
humidity, etc.

Survival Regression with Kinetic Energy as a Covariate
Regression with Life Data: Wear versus Energy 
Response Variable: Wear

Censoring Information  Count
Uncensored value          24
Right censored value      76

Estimation Method: Maximum Likelihood
Distribution:   Normal
Relationship with accelerating variable(s): Linear

Regression Table
Standard                       

Predictor       Coef Error      Z      P      
Intercept   0.558543  0.0970237   5.76  0.000
Energy      0.0000494 0.0000009  52.68 0.000
Scale      0.0689371 0.0109218

Log-Likelihood = 17.528

Anderson-Darling (adjusted) Goodness-of-Fit

Standardized Residuals = 3.368
Cox-Snell Residuals = 3.357

∑+=
i

iit xx γγµ 0)(
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Probability of Wear Exceeding 6.5mm by VIN
VIN Wear 

(mm)
1=Comp 
0=Cens

Energy, 
kJ

Prob
(w>6.5mm) VIN Wear 

(mm)
1=Comp 
0=Cens

Energy, 
kJ

Prob
(w>6.5mm) VIN Wear 

(mm)
1=Comp 
0=Cens

Energy, 
kJ

Prob
(w>6.5mm)

1 4.33 1 85,174 0.0% 34 2.98 0 101,005 0.0% 67 4.52 0 107,086 0.0%
2 4.94 1 93,523 0.0% 35 1.44 0 149,004 100.0% 68 3.57 0 106,369 0.0%
3 4.97 1 96,627 0.0% 36 3.04 0 101,604 0.0% 69 5.02 0 107,696 0.0%
4 5.03 1 97,509 0.0% 37 4.67 0 102,978 0.0% 70 5.56 0 108,764 0.0%
5 0.38 0 98,826 0.0% 38 3.53 0 102,140 0.0% 71 2.93 0 115,706 0.1%
6 4.64 0 96,917 0.0% 39 5.68 1 104,759 0.0% 72 6.01 1 111,724 0.0%
7 5.23 1 98,816 0.0% 40 1.79 0 101,328 0.0% 73 4.12 0 108,249 0.0%
8 0.64 0 93,715 0.0% 41 5.68 1 106,389 0.0% 74 3.07 0 120,261 49.7%
9 0.15 0 97,493 0.0% 42 1.77 0 116,492 0.3% 75 3.17 0 128,423 100.0%

10 2.77 0 96,873 0.0% 43 1.78 0 108,667 0.0% 76 6.05 1 112,112 0.0%
11 3.74 0 97,752 0.0% 44 2.45 0 102,123 0.0% 77 3.35 0 114,569 0.0%
12 4.20 0 98,156 0.0% 45 1.83 0 119,629 32.2% 78 3.39 0 114,942 0.0%
13 0.33 0 96,802 0.0% 46 2.57 0 102,464 0.0% 79 4.15 0 110,311 0.0%
14 3.40 0 97,841 0.0% 47 5.73 1 106,181 0.0% 80 4.56 0 111,238 0.0%
15 3.29 0 97,841 0.0% 48 1.97 0 117,006 1.0% 81 5.34 0 111,895 0.0%
16 0.45 0 110,082 0.0% 49 4.80 0 104,887 0.0% 82 5.04 0 111,732 0.0%
17 1.86 0 97,309 0.0% 50 5.76 1 106,952 0.0% 83 5.11 0 111,799 0.0%
18 5.41 1 100,972 0.0% 51 5.77 1 106,018 0.0% 84 3.71 0 119,269 23.6%
19 5.42 1 100,681 0.0% 52 2.09 0 103,950 0.0% 85 3.83 0 114,238 0.0%
20 3.05 0 98,497 0.0% 53 2.85 0 103,724 0.0% 86 4.74 0 113,638 0.0%
21 4.51 0 99,796 0.0% 54 2.18 0 128,458 100.0% 87 6.26 1 115,484 0.0%
22 0.75 0 115,142 0.0% 55 4.30 0 105,463 0.0% 88 6.27 1 116,146 0.2%
23 0.78 0 103,395 0.0% 56 4.92 0 106,118 0.0% 89 6.31 1 116,649 0.5%
24 2.83 0 98,935 0.0% 57 4.55 0 105,911 0.0% 90 6.32 1 118,022 5.3%
25 0.86 0 97,952 0.0% 58 2.38 0 111,092 0.0% 91 4.29 0 118,839 15.2%
26 0.94 0 97,664 0.0% 59 2.43 0 110,512 0.0% 92 4.55 0 124,132 99.7%
27 5.49 1 101,899 0.0% 60 3.25 0 105,160 0.0% 93 6.43 1 119,340 25.2%
28 1.00 0 114,682 0.0% 61 2.46 0 114,311 0.0% 94 6.48 1 121,323 77.4%
29 5.52 1 102,820 0.0% 62 5.88 1 108,987 0.0% 95 5.02 0 125,575 100.0%
30 1.17 0 118,054 5.6% 63 2.58 0 108,928 0.0% 96 5.28 0 123,799 99.4%
31 2.38 0 100,019 0.0% 64 2.66 0 123,365 98.7% 97 5.41 0 121,673 84.2%
32 1.27 0 103,405 0.0% 65 2.66 0 116,424 0.3% 98 5.73 0 130,634 100.0%
33 4.27 0 101,783 0.0% 66 2.67 0 112,773 0.0% 99 6.71 1 126,404 100.0%

100 6.11 0 143,458 100.0%

PredictionCensored Sample PredictionCensored Sample PredictionCensored Sample 
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Normal Distribution - Maximum Likelihood Estimates

Cum miles

Cum
kJ

kJ/mile

Brake energy per mile by VIN


Take 1

														75						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 

		Rand (fail)		Rand (cens)		Fail		Cens		Rank		TTF		Cens Ind				i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens

		0.0026341545		0.8061612807		72		118.6383700091		1		72		1				1		72		1		72		1		34		95		1		95		1		67		102		1		102		1

		0.0383579346		0.7087730327		82		115.4980382531		2		82		1				2		82		1		82		1		35		95		1		95		1		68		102		1		102		1

		0.0432567081		0.9682477607		83		128.5564287172		3		83		1				3		83		1		83		1		36		95		1		95		1		69		102		1		102		1

		0.052250061		0.9711307172		84		128.9767759646		4		84		1				4		84		1		84		1		37		95		1		95		1		70		102		1		102		1

		0.0966336186		0.5724782837		87		111.8268723442		5		87		1				5		87		1		87		1		38		95		1		95		1		71		102		1		102		1

		0.0984156564		0.8614269632		87		120.8675279761		6		87		1				6		87		1		87		1		39		108		1		96		0		72		102		1		102		1

		0.0991991864		0.0689428689		87		95.1628949388		7		87		1				7		87		1		87		1		40		98		1		96		0		73		104		1		102		0

		0.1295057064		0.2751647933		89		104.027336793		8		89		1				8		89		1		89		1		41		96		1		96		1		74		103		1		103		0

		0.1311472193		0.4239533009		89		108.0820986891		9		89		1				9		89		1		89		1		42		96		1		96		1		75		106		1		103		0

		0.1315987415		0.5003770603		89		110.0094515003		10		89		1				10		89		1		89		1		43		96		1		96		1		76		113		1		104		0

		0.2479688412		0.0184418088		93		89.1295002876		11		89		0				11		93		1		89		0		44		96		1		96		1		77		108		1		104		0

		0.1403234428		0.3697783048		89		106.6755943155		12		89		1				12		89		1		89		1		45		107		1		97		0		78		105		1		104		0

		0.1427021326		0.3522410597		89		106.2072292192		13		89		1				13		89		1		89		1		46		97		1		97		1		79		104		1		104		1

		0.1602259587		0.1650360762		90		100.2603144471		14		90		1				14		90		1		90		1		47		97		1		97		1		80		104		1		104		1

		0.1625754384		0.792563116		90		118.1534690328		15		90		1				15		90		1		90		1		48		97		1		97		1		81		105		1		105		1

		0.1651698985		0.7335276766		90		116.2351728544		16		90		1				16		90		1		90		1		49		110		1		97		0		82		107		1		105		0

		0.1658913703		0.315217999		90		105.1888673103		17		90		1				17		90		1		90		1		50		97		1		97		1		83		105		1		105		1

		0.1679978382		0.5521950264		90		111.3120903704		18		90		1				18		90		1		90		1		51		98		1		98		1		84		105		1		105		1

		0.1824698038		0.0533910159		91		93.8717269353		19		91		1				19		91		1		91		1		52		98		1		98		1		85		105		1		105		1

		0.1838582998		0.2846845032		91		104.310189592		20		91		1				20		91		1		91		1		53		98		1		98		1		86		110		1		105		0

		0.1933609081		0.0870180128		91		96.4065100598		21		91		1				21		91		1		91		1		54		134		1		99		0		87		106		1		106		1

		0.1983134911		0.7514802656		92		116.7915529636		22		92		1				22		92		1		92		1		55		99		1		99		1		88		117		1		106		0

		0.2045291682		0.0819892463		92		96.0818521806		23		92		1				23		92		1		92		1		56		99		1		99		1		89		106		1		106		1

		0.2088069369		0.0458040305		92		93.1302448987		24		92		1				24		92		1		92		1		57		99		1		99		1		90		107		1		107		1

		0.2119174016		0.8235691112		92		119.2905269609		25		92		1				25		92		1		92		1		58		100		1		100		1		91		109		1		108		0

		0.2312629608		0.2243434077		93		102.4239388025		26		93		1				26		93		1		93		1		59		108		1		100		0		92		108		1		108		1

		0.2380384048		0.5108234047		93		110.2713358127		27		93		1				27		93		1		93		1		60		102		1		100		0		93		108		1		108		1

		0.2486035223		0.3049067128		93		104.8966020218		28		93		1				28		93		1		93		1		61		100		1		100		1		94		110		1		110		1

		0.2686115362		0.3145221478		94		105.1692755096		29		94		1				29		94		1		94		1		62		111		1		100		0		95		112		1		111		0

		0.2693354392		0.5770690172		94		111.9440092516		30		94		1				30		94		1		94		1		63		100		1		100		1		96		112		1		112		1

		0.2734424279		0.3899951898		94		107.2066842837		31		94		1				31		94		1		94		1		64		108		1		101		0		97		112		1		112		1

		0.6578144178		0.0592884886		104		94.3922554694		32		94		0				32		104		1		94		0		65		101		1		101		1		98		113		1		113		1

		0.2973380416		0.7644433465		95		117.2066880942		33		95		1				33		95		1		95		1		66		117		1		102		0		99		117		1		116		0

		0.29792175		0.1580772696		95		99.9760848633		34		95		1																								100		126		1		118		0

		0.2979323201		0.9367788558		95		125.2828300155		35		95		1

		0.307784436		0.2329434243		95		102.7081229108		36		95		1

		0.3174170031		0.2487531801		95		103.2158146484		37		95		1

		0.3248676455		0.8618161083		95		120.8851507932		38		95		1

		0.7831453081		0.0750565966		108		95.6086823329		39		96		0

		0.4208001519		0.0773423656		98		95.7682258587		40		96		0

		0.3407459475		0.5985396839		96		112.495690547		41		96		1

		0.3459457898		0.8887390035		96		122.1984934058		42		96		1

		0.3478618705		0.7672289642		96		117.2975153864		43		96		1

		0.3601126076		0.2870842671		96		104.3807707603		44		96		1

		0.7673391849		0.091452929		107		96.6813896751		45		97		0

		0.3827867473		0.5173823768		97		110.4358495248		46		97		1

		0.3889854336		0.6177954383		97		112.9969590384		47		97		1

		0.3933308937		0.5582372896		97		111.4650160773		48		97		1

		0.8371792225		0.1031776647		110		97.3634902685		49		97		0

		0.3971791116		0.1899605292		97		101.2195824307		50		97		1

		0.4032351149		0.1112859498		98		97.8028227418		51		98		1

		0.408055367		0.3458221678		98		106.0337543569		52		98		1

		0.4186970722		0.9187234916		98		123.9653643485		53		98		1

		0.9996414779		0.1252851226		134		98.51034593		54		99		0

		0.4466039452		0.5531131344		99		111.3353064366		55		99		1

		0.4501227716		0.3959228504		99		107.3608536828		56		99		1

		0.4551387497		0.6344799347		99		113.437422547		57		99		1

		0.4833880625		0.7139968076		100		115.6509906452		58		100		1

		0.7942746452		0.1560931961		108		99.8935504686		59		100		0

		0.5830813541		0.1564810859		102		99.9097401406		60		100		0

		0.5037072985		0.9642628729		100		128.0245242026		61		100		1

		0.8560684148		0.161674476		111		100.1240074662		62		100		0

		0.509875928		0.4864485032		100		109.6602489989		63		100		1

		0.8020734106		0.1759610582		108		100.6913251625		64		101		0

		0.5328600983		0.9367762992		101		125.2826239922		65		101		1

		0.9581508961		0.2003375904		117		101.5958399925		66		102		0

		0.5705642668		0.2502319355		102		103.2623994012		67		102		1

		0.5730158211		0.4910874849		102		109.7765777896		68		102		1

		0.5907043385		0.5600968453		102		111.5121475733		69		102		1

		0.5908816602		0.6832645104		102		114.7684713425		70		102		1

		0.5937261353		0.6361636829		102		113.4822310891		71		102		1

		0.5938684804		0.6478158874		102		113.7943047291		72		102		1

		0.6406415017		0.2239481701		104		102.4107319014		73		102		0

		0.6223291036		0.2301390684		103		102.6161106527		74		103		0

		0.7278677679		0.2341518561		106		102.7475821441		75		103		0

		0.9033513698		0.2601337373		113		103.5706684474		76		104		0

		0.7758877611		0.2606180713		108		103.5855890827		77		104		0

		0.6818055207		0.2613796708		105		103.6090224705		78		104		0

		0.6573027698		0.5895885139		104		112.2648661025		79		104		1

		0.6679913218		0.8319905973		104		119.6206131413		80		104		1

		0.6763389084		0.8739478933		105		121.452533763		81		105		1

		0.7532083692		0.298596417		107		104.715583471		82		105		0

		0.6955605963		0.4381380099		105		108.4430827463		83		105		1

		0.6979675336		0.8427699054		105		120.0590724816		84		105		1

		0.7004352519		0.9502086759		105		126.46880318		85		105		1

		0.8488602109		0.3186739807		110		105.2858997923		86		105		0

		0.7150899442		0.362088868		106		106.4711910739		87		106		1

		0.9517949549		0.3341748761		117		105.7158602532		88		106		0

		0.7241527506		0.3675191196		106		106.6156876496		89		106		1

		0.76188764		0.8666894944		107		121.1087766361		90		107		1

		0.8192496334		0.4185184999		109		107.9431503005		91		108		0

		0.7891071541		0.9357518933		108		125.2005873956		92		108		1

		0.7997403166		0.5155021746		108		110.3886797351		93		108		1

		0.8387112333		0.6935092597		110		115.0582218827		94		110		1

		0.8920764899		0.5577033074		112		111.4514880541		95		111		0

		0.8777156154		0.6743581019		112		114.5197943703		96		112		1

		0.8810839899		0.9502701606		112		126.4747875818		97		112		1

		0.906573395		0.6330748874		113		113.4000836939		98		113		1

		0.9524237849		0.737741259		117		116.3639732808		99		116		0

		0.995928538		0.7864320853		126		117.9410238477		100		118		0





Take 2

														24						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 

		Rand (fail)		Rand (cens)		Fail		Cens		Rank		TTF		Cens Ind				i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens

		0.0026341545		0.8061612807		72		104.5534800364		1		72		1				1		72		1		72		1		34		95		1		50		0		67		102		1		75		0

		0.0383579346		0.7087730327		82		91.9921530124		2		82		1				2		82		1		82		1		35		95		1		24		0		68		102		1		59		0

		0.0432567081		0.9682477607		83		144.2257148686		3		83		1				3		83		1		83		1		36		95		1		51		0		69		102		1		84		0

		0.052250061		0.9711307172		84		145.9071038585		4		84		1				4		84		1		84		1		37		95		1		78		0		70		102		1		93		0

		0.2479688412		0.0184418088		93		-13.4819988497		5		-13		0				5		87		1		1		0		38		95		1		59		0		71		102		1		49		0

		0.0966336186		0.5724782837		87		77.307489377		6		77		0				6		87		1		77		0		39		108		1		95		1		72		102		1		100		1

		0.0984156564		0.8614269632		87		113.4701119045		7		87		1				7		87		1		87		1		40		98		1		30		0		73		104		1		69		0

		0.0991991864		0.0689428689		87		10.6515797552		8		11		0				8		89		1		11		0		41		96		1		95		1		74		103		1		51		0

		0.2088069369		0.0458040305		92		2.5209795947		9		3		0				9		89		1		3		0		42		96		1		30		0		75		106		1		53		0

		0.1295057064		0.2751647933		89		46.1093471722		10		46		0				10		89		1		46		0		43		96		1		30		0		76		113		1		101		1

		0.1311472193		0.4239533009		89		62.3283947566		11		62		0				11		93		1		62		0		44		96		1		41		0		77		108		1		56		0

		0.1315987415		0.5003770603		89		70.0378060011		12		70		0				12		89		1		70		0		45		107		1		30		0		78		105		1		56		0

		0.1824698038		0.0533910159		91		5.4869077411		13		5		0				13		89		1		5		0		46		97		1		43		0		79		104		1		69		0

		0.1403234428		0.3697783048		89		56.7023772619		14		57		0				14		90		1		57		0		47		97		1		95		1		80		104		1		76		0

		0.1427021326		0.3522410597		89		54.8289168767		15		55		0				15		90		1		55		0		48		97		1		33		0		81		105		1		89		0

		0.6578144178		0.0592884886		104		7.5690218776		16		8		0				16		90		1		8		0		49		110		1		80		0		82		107		1		84		0

		0.1602259587		0.1650360762		90		31.0412577882		17		31		0				17		90		1		31		0		50		97		1		96		1		83		105		1		85		0

		0.1625754384		0.792563116		90		102.6138761314		18		90		1				18		90		1		90		1		51		98		1		96		1		84		105		1		62		0

		0.1651698985		0.7335276766		90		94.9406914178		19		90		1				19		91		1		90		1		52		98		1		35		0		85		105		1		64		0

		0.1658913703		0.315217999		90		50.7554692413		20		51		0				20		91		1		51		0		53		98		1		48		0		86		110		1		79		0

		0.1679978382		0.5521950264		90		75.2483614815		21		75		0				21		91		1		75		0		54		134		1		36		0		87		106		1		104		1

		0.7831453081		0.0750565966		108		12.4347293314		22		12		0				22		92		1		12		0		55		99		1		72		0		88		117		1		105		1

		0.4208001519		0.0773423656		98		13.0729034347		23		13		0				23		92		1		13		0		56		99		1		82		0		89		106		1		105		1

		0.1838582998		0.2846845032		91		47.2407583678		24		47		0				24		92		1		47		0		57		99		1		76		0		90		107		1		105		1

		0.2045291682		0.0819892463		92		14.3274087224		25		14		0				25		92		1		14		0		58		100		1		40		0		91		109		1		72		0

		0.1933609081		0.0870180128		91		15.6260402393		26		16		0				26		93		1		16		0		59		108		1		40		0		92		108		1		76		0

		0.1983134911		0.7514802656		92		97.1662118546		27		92		1				27		93		1		92		1		60		102		1		54		0		93		108		1		107		1

		0.7673391849		0.091452929		107		16.7255587003		28		17		0				28		93		1		17		0		61		100		1		41		0		94		110		1		108		1

		0.2119174016		0.8235691112		92		107.1621078435		29		92		1				29		94		1		92		1		62		111		1		98		1		95		112		1		84		0

		0.8371792225		0.1031776647		110		19.4539610739		30		19		0				30		94		1		19		0		63		100		1		43		0		96		112		1		88		0

		0.2312629608		0.2243434077		93		39.6957552102		31		40		0				31		94		1		40		0		64		108		1		44		0		97		112		1		90		0

		0.4032351149		0.1112859498		98		21.2112909673		32		21		0				32		104		1		21		0		65		101		1		44		0		98		113		1		95		0

		0.2380384048		0.5108234047		93		71.085343251		33		71		0				33		95		1		71		0		66		117		1		44		0		99		117		1		112		1

		0.2486035223		0.3049067128		93		49.5864080871		34		50		0																								100		126		1		102		0

		0.9996414779		0.1252851226		134		24.0413837201		35		24		0

		0.2686115362		0.3145221478		94		50.6771020384		36		51		0

		0.2693354392		0.5770690172		94		77.7760370065		37		78		0

		0.2734424279		0.3899951898		94		58.8267371349		38		59		0

		0.2973380416		0.7644433465		95		98.8267523769		39		95		1

		0.29792175		0.1580772696		95		29.9043394533		40		30		0

		0.2979323201		0.9367788558		95		131.1313200622		41		95		1

		0.7942746452		0.1560931961		108		29.5742018744		42		30		0

		0.5830813541		0.1564810859		102		29.6389605622		43		30		0

		0.307784436		0.2329434243		95		40.8324916432		44		41		0

		0.8560684148		0.161674476		111		30.4960298647		45		30		0

		0.3174170031		0.2487531801		95		42.8632585937		46		43		0

		0.3248676455		0.8618161083		95		113.5406031727		47		95		1

		0.8020734106		0.1759610582		108		32.7653006501		48		33		0

		0.3407459475		0.5985396839		96		79.9827621879		49		80		0

		0.3459457898		0.8887390035		96		118.7939736232		50		96		1

		0.3478618705		0.7672289642		96		99.1900615456		51		96		1

		0.3971791116		0.1899605292		97		34.878329723		52		35		0

		0.3601126076		0.2870842671		96		47.5230830412		53		48		0

		0.9581508961		0.2003375904		117		36.3833599699		54		36		0

		0.3827867473		0.5173823768		97		71.7433980992		55		72		0

		0.3889854336		0.6177954383		97		81.9878361537		56		82		0

		0.3933308937		0.5582372896		97		75.8600643092		57		76		0

		0.6406415017		0.2239481701		104		39.6429276055		58		40		0

		0.6223291036		0.2301390684		103		40.4644426108		59		40		0

		0.408055367		0.3458221678		98		54.1350174275		60		54		0

		0.7278677679		0.2341518561		106		40.9903285765		61		41		0

		0.4186970722		0.9187234916		98		125.861457394		62		98		1

		0.5705642668		0.2502319355		102		43.0495976049		63		43		0

		0.9033513698		0.2601337373		113		44.2826737895		64		44		0

		0.7758877611		0.2606180713		108		44.3423563306		65		44		0

		0.6818055207		0.2613796708		105		44.4360898818		66		44		0

		0.4466039452		0.5531131344		99		75.3412257464		67		75		0

		0.4501227716		0.3959228504		99		59.443414731		68		59		0

		0.4551387497		0.6344799347		99		83.7496901882		69		84		0

		0.4833880625		0.7139968076		100		92.6039625806		70		93		0

		0.7532083692		0.298596417		107		48.8623338842		71		49		0

		0.5037072985		0.9642628729		100		142.0980968104		72		100		1

		0.509875928		0.4864485032		100		68.6409959955		73		69		0

		0.8488602109		0.3186739807		110		51.1435991693		74		51		0

		0.9517949549		0.3341748761		117		52.8634410128		75		53		0

		0.5328600983		0.9367762992		101		131.130495969		76		101		1

		0.7150899442		0.362088868		106		55.8847642955		77		56		0

		0.7241527506		0.3675191196		106		56.4627505984		78		56		0

		0.5730158211		0.4910874849		102		69.1063111585		79		69		0

		0.5907043385		0.5600968453		102		76.0485902934		80		76		0

		0.5908816602		0.6832645104		102		89.0738853698		81		89		0

		0.5937261353		0.6361636829		102		83.9289243563		82		84		0

		0.5938684804		0.6478158874		102		85.1772189165		83		85		0

		0.8192496334		0.4185184999		109		61.7726012018		84		62		0

		0.6955605963		0.4381380099		105		63.772330985		85		64		0

		0.6573027698		0.5895885139		104		79.0594644098		86		79		0

		0.6679913218		0.8319905973		104		108.4824525653		87		104		1

		0.6763389084		0.8739478933		105		115.810135052		88		105		1

		0.6979675336		0.8427699054		105		110.2362899262		89		105		1

		0.7004352519		0.9502086759		105		135.87521272		90		105		1

		0.7997403166		0.5155021746		108		71.5547189405		91		72		0

		0.8920764899		0.5577033074		112		75.8059522165		92		76		0

		0.76188764		0.8666894944		107		114.4351065444		93		107		1

		0.7891071541		0.9357518933		108		130.8023495823		94		108		1

		0.906573395		0.6330748874		113		83.6003347756		95		84		0

		0.8777156154		0.6743581019		112		88.0791774812		96		88		0

		0.8387112333		0.6935092597		110		90.2328875307		97		90		0

		0.9524237849		0.737741259		117		95.4558931231		98		95		0

		0.8810839899		0.9502701606		112		135.899150327		99		112		1

		0.995928538		0.7864320853		126		101.7640953906		100		102		0
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		0.0026341545		0.8061612807		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				1		4.33		1		4.33		1		34		5.59		1		2.98		0		67		5.92		1		4.52		0

		0.0383579346		0.7087730327		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				2		4.94		1		4.94		1		35		8.03		1		1.44		0		68		5.92		1		3.57		0

		0.0432567081		0.9682477607		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				3		4.97		1		4.97		1		36		5.63		1		3.04		0		69		5.93		1		5.02		0

		0.052250061		0.9711307172		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				4		5.03		1		5.03		1		37		5.63		1		4.67		0		70		5.98		1		5.56		0

		0.2479688412		0.0558040305		Complete		5.59		1		0.381583847		5		Censored		0.38		0				5		5.59		1		0.38		0		38		5.64		1		3.53		0		71		6.41		1		2.93		0

		0.0966336186		0.5724782837		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				6		5.22		1		4.64		0		39		5.68		1		5.68		1		72		6.01		1		6.01		1

		0.0984156564		0.8614269632		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				7		5.23		1		5.23		1		40		5.68		1		1.79		0		73		6.01		1		4.12		0

		0.0991991864		0.0689428689		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				8		5.23		1		0.64		0		41		5.68		1		5.68		1		74		6.62		1		3.07		0

		0.2088069369		0.0458040305		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				9		5.51		1		0.15		0		42		6.49		1		1.77		0		75		7.00		1		3.17		0

		0.1295057064		0.2751647933		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				10		5.32		1		2.77		0		43		6.13		1		1.78		0		76		6.05		1		6.05		1

		0.1311472193		0.4239533009		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				11		5.33		1		3.74		0		44		5.70		1		2.45		0		77		6.34		1		3.35		0

		0.1315987415		0.5003770603		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				12		5.33		1		4.20		0		45		6.64		1		1.83		0		78		6.36		1		3.39		0

		0.1824698038		0.0533910159		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				13		5.46		1		0.33		0		46		5.72		1		2.57		0		79		6.11		1		4.15		0

		0.1403234428		0.3697783048		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				14		5.35		1		3.40		0		47		5.73		1		5.73		1		80		6.14		1		4.56		0

		0.1427021326		0.3522410597		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				15		5.36		1		3.29		0		48		6.51		1		1.97		0		81		6.14		1		5.34		0

		0.6578144178		0.0592884886		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				16		6.24		1		0.45		0		49		5.75		1		4.80		0		82		6.14		1		5.04		0

		0.1602259587		0.1650360762		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				17		5.40		1		1.86		0		50		5.76		1		5.76		1		83		6.14		1		5.11		0

		0.1625754384		0.792563116		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				18		5.41		1		5.41		1		51		5.77		1		5.77		1		84		6.55		1		3.71		0

		0.1651698985		0.7335276766		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				19		5.42		1		5.42		1		52		5.84		1		2.09		0		85		6.31		1		3.83		0

		0.1658913703		0.315217999		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				20		5.42		1		3.05		0		53		5.79		1		2.85		0		86		6.24		1		4.74		0

		0.1679978382		0.5521950264		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				21		5.42		1		4.51		0		54		7.04		1		2.18		0		87		6.26		1		6.26		1

		0.7831453081		0.0750565966		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				22		6.47		1		0.75		0		55		5.82		1		4.30		0		88		6.27		1		6.27		1

		0.4208001519		0.0773423656		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				23		5.88		1		0.78		0		56		5.83		1		4.92		0		89		6.31		1		6.31		1

		0.1838582998		0.2846845032		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				24		5.46		1		2.83		0		57		5.84		1		4.55		0		90		6.32		1		6.32		1

		0.2045291682		0.0819892463		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				25		5.50		1		0.86		0		58		6.22		1		2.38		0		91		6.50		1		4.29		0

		0.1933609081		0.0870180128		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				26		5.48		1		0.94		0		59		6.19		1		2.43		0		92		6.74		1		4.55		0

		0.1983134911		0.7514802656		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				27		5.49		1		5.49		1		60		5.86		1		3.25		0		93		6.43		1		6.43		1

		0.7673391849		0.091452929		Complete		6.44		1		1.003533522		28		Censored		1.00		0				28		6.44		1		1.00		0		61		6.36		1		2.46		0		94		6.48		1		6.48		1

		0.2119174016		0.8235691112		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				29		5.52		1		5.52		1		62		5.88		1		5.88		1		95		6.79		1		5.02		0

		0.8371792225		0.1031776647		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				30		6.59		1		1.17		0		63		6.11		1		2.58		0		96		6.70		1		5.28		0

		0.2312629608		0.2243434077		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				31		5.56		1		2.38		0		64		6.78		1		2.66		0		97		6.59		1		5.41		0

		0.4032351149		0.1112859498		Complete		5.85		1		1.272677458		32		Censored		1.27		0				32		5.85		1		1.27		0		65		6.46		1		2.66		0		98		7.00		1		5.73		0

		0.2380384048		0.5108234047		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				33		5.57		1		4.27		0		66		6.28		1		2.67		0		99		6.71		1		6.71		1

		0.2486035223		0.3049067128		Complete		5.59		1		2.9751844852		34		Censored		2.98		0																								100		7.59		1		6.11		0

		0.9996414779		0.1252851226		Complete		8.03		1		1.4424830232		35		Censored		1.44		0

		0.2686115362		0.3145221478		Complete		5.63		1		3.0406261223		36		Censored		3.04		0

		0.2693354392		0.5770690172		Complete		5.63		1		4.6665622204		37		Censored		4.67		0

		0.2734424279		0.3899951898		Complete		5.64		1		3.5296042281		38		Censored		3.53		0

		0.2973380416		0.7644433465		Complete		5.68		1		5.9296051426		39		Censored		5.68		1

		0.29792175		0.1580772696		Complete		5.68		1		1.7942603672		40		Censored		1.79		0

		0.2979323201		0.9367788558		Complete		5.68		1		7.8678792037		41		Censored		5.68		1

		0.7942746452		0.1560931961		Complete		6.49		1		1.7744521125		42		Censored		1.77		0

		0.5830813541		0.1564810859		Complete		6.13		1		1.7783376337		43		Censored		1.78		0

		0.307784436		0.2329434243		Complete		5.70		1		2.4499494986		44		Censored		2.45		0

		0.8560684148		0.161674476		Complete		6.64		1		1.8297617919		45		Censored		1.83		0

		0.3174170031		0.2487531801		Complete		5.72		1		2.5717955156		46		Censored		2.57		0

		0.3248676455		0.8618161083		Complete		5.73		1		6.8124361904		47		Censored		5.73		1

		0.8020734106		0.1759610582		Complete		6.51		1		1.965918039		48		Censored		1.97		0

		0.3407459475		0.5985396839		Complete		5.75		1		4.7989657313		49		Censored		4.80		0

		0.3459457898		0.8887390035		Complete		5.76		1		7.1276384174		50		Censored		5.76		1

		0.3478618705		0.7672289642		Complete		5.77		1		5.9514036927		51		Censored		5.77		1

		0.3971791116		0.1899605292		Complete		5.84		1		2.0926997834		52		Censored		2.09		0

		0.3601126076		0.2870842671		Complete		5.79		1		2.8513849825		53		Censored		2.85		0

		0.9581508961		0.2003375904		Complete		7.04		1		2.1830015982		54		Censored		2.18		0

		0.3827867473		0.5173823768		Complete		5.82		1		4.304603886		55		Censored		4.30		0

		0.3889854336		0.6177954383		Complete		5.83		1		4.9192701692		56		Censored		4.92		0

		0.3933308937		0.5582372896		Complete		5.84		1		4.5516038586		57		Censored		4.55		0

		0.6406415017		0.2239481701		Complete		6.22		1		2.3785756563		58		Censored		2.38		0

		0.6223291036		0.2301390684		Complete		6.19		1		2.4278665567		59		Censored		2.43		0

		0.408055367		0.3458221678		Complete		5.86		1		3.2481010456		60		Censored		3.25		0

		0.7278677679		0.2341518561		Complete		6.36		1		2.4594197146		61		Censored		2.46		0

		0.4186970722		0.9187234916		Complete		5.88		1		7.5516874436		62		Censored		5.88		1

		0.5705642668		0.2502319355		Complete		6.11		1		2.5829758563		63		Censored		2.58		0

		0.9033513698		0.2601337373		Complete		6.78		1		2.6569604274		64		Censored		2.66		0

		0.7758877611		0.2606180713		Complete		6.46		1		2.6605413798		65		Censored		2.66		0

		0.6818055207		0.2613796708		Complete		6.28		1		2.6661653929		66		Censored		2.67		0

		0.4466039452		0.5531131344		Complete		5.92		1		4.5204735448		67		Censored		4.52		0

		0.4501227716		0.3959228504		Complete		5.92		1		3.5666048839		68		Censored		3.57		0

		0.4551387497		0.6344799347		Complete		5.93		1		5.0249814113		69		Censored		5.02		0

		0.4833880625		0.7139968076		Complete		5.98		1		5.5562377548		70		Censored		5.56		0

		0.7532083692		0.298596417		Complete		6.41		1		2.9317400331		71		Censored		2.93		0

		0.5037072985		0.9642628729		Complete		6.01		1		8.5258858086		72		Censored		6.01		1

		0.509875928		0.4864485032		Complete		6.01		1		4.1184597597		73		Censored		4.12		0

		0.8488602109		0.3186739807		Complete		6.62		1		3.0686159502		74		Censored		3.07		0

		0.9517949549		0.3341748761		Complete		7.00		1		3.1718064608		75		Censored		3.17		0

		0.5328600983		0.9367762992		Complete		6.05		1		7.8678297581		76		Censored		6.05		1

		0.7150899442		0.362088868		Complete		6.34		1		3.3530858577		77		Censored		3.35		0

		0.7241527506		0.3675191196		Complete		6.36		1		3.3877650359		78		Censored		3.39		0

		0.5730158211		0.4910874849		Complete		6.11		1		4.1463786695		79		Censored		4.15		0

		0.5907043385		0.5600968453		Complete		6.14		1		4.5629154176		80		Censored		4.56		0

		0.5908816602		0.6832645104		Complete		6.14		1		5.3444331222		81		Censored		5.34		0

		0.5937261353		0.6361636829		Complete		6.14		1		5.0357354614		82		Censored		5.04		0

		0.5938684804		0.6478158874		Complete		6.14		1		5.110633135		83		Censored		5.11		0

		0.8192496334		0.4185184999		Complete		6.55		1		3.7063560721		84		Censored		3.71		0

		0.6955605963		0.4381380099		Complete		6.31		1		3.8263398591		85		Censored		3.83		0

		0.6573027698		0.5895885139		Complete		6.24		1		4.7435678646		86		Censored		4.74		0

		0.6679913218		0.8319905973		Complete		6.26		1		6.5089471539		87		Censored		6.26		1

		0.6763389084		0.8739478933		Complete		6.27		1		6.9486081031		88		Censored		6.27		1

		0.6979675336		0.8427699054		Complete		6.31		1		6.6141773956		89		Censored		6.31		1

		0.7004352519		0.9502086759		Complete		6.32		1		8.1525127632		90		Censored		6.32		1

		0.7997403166		0.5155021746		Complete		6.50		1		4.2932831364		91		Censored		4.29		0

		0.8920764899		0.5577033074		Complete		6.74		1		4.548357133		92		Censored		4.55		0

		0.76188764		0.8666894944		Complete		6.43		1		6.8661063927		93		Censored		6.43		1

		0.7891071541		0.9357518933		Complete		6.48		1		7.8481409749		94		Censored		6.48		1

		0.906573395		0.6330748874		Complete		6.79		1		5.0160200865		95		Censored		5.02		0

		0.8777156154		0.6743581019		Complete		6.70		1		5.2847506489		96		Censored		5.28		0

		0.8387112333		0.6935092597		Complete		6.59		1		5.4139732518		97		Censored		5.41		0

		0.9524237849		0.737741259		Complete		7.00		1		5.7273535874		98		Censored		5.73		0

		0.8810839899		0.9502701606		Complete		6.71		1		8.1539490196		99		Censored		6.71		1

		0.995928538		0.7864320853		Complete		7.59		1		6.1058457234		100		Censored		6.11		0
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		0.0026341545		0.8061612807		79,594		79,594		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				85,174.32		0.0%				1		4.33		1		4.33		1		34		5.59		1		2.98		0		67		5.92		1		4.52		0

		0.0383579346		0.7087730327		89,983		89,983		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				93,523.01		0.0%				2		4.94		1		4.94		1		35		8.03		1		1.44		0		68		5.92		1		3.57		0

		0.0432567081		0.9682477607		93,199		93,199		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				96,627.35		0.0%				3		4.97		1		4.97		1		36		5.63		1		3.04		0		69		5.93		1		5.02		0

		0.052250061		0.9711307172		94,262		94,262		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				97,509.28		0.0%				4		5.03		1		5.03		1		37		5.63		1		4.67		0		70		5.98		1		5.56		0

		0.2479688412		0.0558040305		97,464		6,651		Complete		5.59		1		0.381583847		5		Censored		0.38		0				98,826.11		0.0%				5		5.59		1		0.38		0		38		5.64		1		3.53		0		71		6.41		1		2.93		0

		0.0966336186		0.5724782837		94,315		83,817		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				96,916.80		0.0%				6		5.22		1		4.64		0		39		5.68		1		5.68		1		72		6.01		1		6.01		1

		0.0984156564		0.8614269632		96,235		96,235		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				98,815.94		0.0%				7		5.23		1		5.23		1		40		5.68		1		1.79		0		73		6.01		1		4.12		0

		0.0991991864		0.0689428689		91,142		11,141		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				93,714.65		0.0%				8		5.23		1		0.64		0		41		5.68		1		5.68		1		74		6.62		1		3.07		0

		0.2088069369		0.0458040305		95,872		2,630		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				97,493.05		0.0%				9		5.51		1		0.15		0		42		6.49		1		1.77		0		75		7.00		1		3.17		0

		0.1295057064		0.2751647933		94,615		49,177		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				96,872.64		0.0%				10		5.32		1		2.77		0		43		6.13		1		1.78		0		76		6.05		1		6.05		1

		0.1311472193		0.4239533009		95,510		67,045		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				97,751.76		0.0%				11		5.33		1		3.74		0		44		5.70		1		2.45		0		77		6.34		1		3.35		0

		0.1315987415		0.5003770603		95,918		75,642		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				98,155.87		0.0%				12		5.33		1		4.20		0		45		6.64		1		1.83		0		78		6.36		1		3.39		0

		0.1824698038		0.0533910159		94,990		5,731		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				96,801.61		0.0%				13		5.46		1		0.33		0		46		5.72		1		2.57		0		79		6.11		1		4.15		0

		0.1403234428		0.3697783048		95,683		60,816		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				97,841.09		0.0%				14		5.35		1		3.40		0		47		5.73		1		5.73		1		80		6.14		1		4.56		0

		0.1427021326		0.3522410597		95,704		58,750		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				97,840.78		0.0%				15		5.36		1		3.29		0		48		6.51		1		1.97		0		81		6.14		1		5.34		0

		0.6578144178		0.0592884886		109,269		7,948		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				110,081.72		0.0%				16		6.24		1		0.45		0		49		5.75		1		4.80		0		82		6.14		1		5.04		0

		0.1602259587		0.1650360762		95,322		32,853		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				97,309.00		0.0%				17		5.40		1		1.86		0		50		5.76		1		5.76		1		83		6.14		1		5.11		0

		0.1625754384		0.792563116		99,004		99,004		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				100,972.13		0.0%				18		5.41		1		5.41		1		51		5.77		1		5.77		1		84		6.55		1		3.71		0

		0.1651698985		0.7335276766		98,734		98,734		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				100,680.85		0.0%				19		5.42		1		5.42		1		52		5.84		1		2.09		0		85		6.31		1		3.83		0

		0.1658913703		0.315217999		96,556		54,275		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				98,497.12		0.0%				20		5.42		1		3.05		0		53		5.79		1		2.85		0		86		6.24		1		4.74		0

		0.1679978382		0.5521950264		97,872		81,487		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				99,795.87		0.0%				21		5.42		1		4.51		0		54		7.04		1		2.18		0		87		6.26		1		6.26		1

		0.7831453081		0.0750565966		113,577		13,098		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				115,142.34		0.0%				22		6.47		1		0.75		0		55		5.82		1		4.30		0		88		6.27		1		6.27		1

		0.4208001519		0.0773423656		102,995		13,739		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				103,394.99		0.0%				23		5.88		1		0.78		0		56		5.83		1		4.92		0		89		6.31		1		6.31		1

		0.1838582998		0.2846845032		97,134		50,429		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				98,935.36		0.0%				24		5.46		1		2.83		0		57		5.84		1		4.55		0		90		6.32		1		6.32		1

		0.2045291682		0.0819892463		96,300		15,039		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				97,951.51		0.0%				25		5.50		1		0.86		0		58		6.22		1		2.38		0		91		6.50		1		4.29		0

		0.1933609081		0.0870180128		95,933		16,411		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				97,664.22		0.0%				26		5.48		1		0.94		0		59		6.19		1		2.43		0		92		6.74		1		4.55		0

		0.1983134911		0.7514802656		100,204		100,204		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				101,898.90		0.0%				27		5.49		1		5.49		1		60		5.86		1		3.25		0		93		6.43		1		6.43		1

		0.7673391849		0.091452929		113,221		17,648		Complete		6.44		1		1.003533522		28		Censored		1.00		0				114,681.71		0.0%				28		6.44		1		1.00		0		61		6.36		1		2.46		0		94		6.48		1		6.48		1

		0.2119174016		0.8235691112		101,220		101,220		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				102,819.99		0.0%				29		5.52		1		5.52		1		62		5.88		1		5.88		1		95		6.79		1		5.02		0

		0.8371792225		0.1031776647		116,088		20,563		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				118,054.21		5.6%				30		6.59		1		1.17		0		63		6.11		1		2.58		0		96		6.70		1		5.28		0

		0.2312629608		0.2243434077		98,550		42,222		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				100,019.48		0.0%				31		5.56		1		2.38		0		64		6.78		1		2.66		0		97		6.59		1		5.41		0

		0.4032351149		0.1112859498		102,915		22,378		Complete		5.85		1		1.272677458		32		Censored		1.27		0				103,404.72		0.0%				32		5.85		1		1.27		0		65		6.46		1		2.66		0		98		7.00		1		5.73		0

		0.2380384048		0.5108234047		100,358		76,814		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				101,783.15		0.0%				33		5.57		1		4.27		0		66		6.28		1		2.67		0		99		6.71		1		6.71		1

		0.2486035223		0.3049067128		99,647		53,010		Complete		5.59		1		2.9751844852		34		Censored		2.98		0				101,005.08		0.0%																								100		7.59		1		6.11		0

		0.9996414779		0.1252851226		142,238		25,552		Complete		8.03		1		1.4424830232		35		Censored		1.44		0				149,004.19		100.0%

		0.2686115362		0.3145221478		100,370		54,209		Complete		5.63		1		3.0406261223		36		Censored		3.04		0				101,604.10		0.0%

		0.2693354392		0.5770690172		101,749		84,320		Complete		5.63		1		4.6665622204		37		Censored		4.67		0				102,978.35		0.0%

		0.2734424279		0.3899951898		100,935		63,183		Complete		5.64		1		3.5296042281		38		Censored		3.53		0				102,139.91		0.0%

		0.2973380416		0.7644433465		103,695		103,695		Complete		5.68		1		5.9296051426		39		Censored		5.68		1				104,759.10		0.0%

		0.29792175		0.1580772696		100,267		31,664		Complete		5.68		1		1.7942603672		40		Censored		1.79		0				101,327.81		0.0%

		0.2979323201		0.9367788558		105,329		105,329		Complete		5.68		1		7.8678792037		41		Censored		5.68		1				106,389.43		0.0%

		0.7942746452		0.1560931961		114,849		31,388		Complete		6.49		1		1.7744521125		42		Censored		1.77		0				116,491.91		0.3%

		0.5830813541		0.1564810859		108,248		31,424		Complete		6.13		1		1.7783376337		43		Censored		1.78		0				108,667.17		0.0%

		0.307784436		0.2329434243		101,119		43,472		Complete		5.70		1		2.4499494986		44		Censored		2.45		0				102,122.79		0.0%

		0.8560684148		0.161674476		117,503		32,391		Complete		6.64		1		1.8297617919		45		Censored		1.83		0				119,628.91		32.2%

		0.3174170031		0.2487531801		101,514		45,682		Complete		5.72		1		2.5717955156		46		Censored		2.57		0				102,463.74		0.0%

		0.3248676455		0.8618161083		105,272		105,272		Complete		5.73		1		6.8124361904		47		Censored		5.73		1				106,180.69		0.0%

		0.8020734106		0.1759610582		115,308		34,824		Complete		6.51		1		1.965918039		48		Censored		1.97		0				117,006.11		1.0%

		0.3407459475		0.5985396839		104,067		86,798		Complete		5.75		1		4.7989657313		49		Censored		4.80		0				104,887.37		0.0%

		0.3459457898		0.8887390035		106,160		106,160		Complete		5.76		1		7.1276384174		50		Censored		5.76		1				106,952.35		0.0%

		0.3478618705		0.7672289642		105,236		105,236		Complete		5.77		1		5.9514036927		51		Censored		5.77		1				106,017.83		0.0%

		0.3971791116		0.1899605292		103,429		37,040		Complete		5.84		1		2.0926997834		52		Censored		2.09		0				103,950.15		0.0%

		0.3601126076		0.2870842671		103,008		50,771		Complete		5.79		1		2.8513849825		53		Censored		2.85		0				103,724.37		0.0%

		0.9581508961		0.2003375904		124,999		38,773		Complete		7.04		1		2.1830015982		54		Censored		2.18		0				128,458.30		100.0%

		0.3827867473		0.5173823768		104,867		77,547		Complete		5.82		1		4.304603886		55		Censored		4.30		0				105,463.27		0.0%

		0.3889854336		0.6177954383		105,554		89,053		Complete		5.83		1		4.9192701692		56		Censored		4.92		0				106,118.11		0.0%

		0.3933308937		0.5582372896		105,370		82,157		Complete		5.84		1		4.5516038586		57		Censored		4.55		0				105,911.30		0.0%

		0.6406415017		0.2239481701		110,372		42,234		Complete		6.22		1		2.3785756563		58		Censored		2.38		0				111,092.37		0.0%

		0.6223291036		0.2301390684		109,889		43,122		Complete		6.19		1		2.4278665567		59		Censored		2.43		0				110,511.75		0.0%

		0.408055367		0.3458221678		104,695		58,026		Complete		5.86		1		3.2481010456		60		Censored		3.25		0				105,160.31		0.0%

		0.7278677679		0.2341518561		113,098		43,709		Complete		6.36		1		2.4594197146		61		Censored		2.46		0				114,311.14		0.0%

		0.4186970722		0.9187234916		108,577		108,577		Complete		5.88		1		7.5516874436		62		Censored		5.88		1				108,987.07		0.0%

		0.5705642668		0.2502319355		108,573		45,924		Complete		6.11		1		2.5829758563		63		Censored		2.58		0				108,928.46		0.0%

		0.9033513698		0.2601337373		120,764		47,321		Complete		6.78		1		2.6569604274		64		Censored		2.66		0				123,365.48		98.7%

		0.7758877611		0.2606180713		114,908		47,361		Complete		6.46		1		2.6605413798		65		Censored		2.66		0				116,424.36		0.3%

		0.6818055207		0.2613796708		111,828		47,449		Complete		6.28		1		2.6661653929		66		Censored		2.67		0				112,773.05		0.0%

		0.4466039452		0.5531131344		106,817		81,572		Complete		5.92		1		4.5204735448		67		Censored		4.52		0				107,085.69		0.0%

		0.4501227716		0.3959228504		106,118		63,881		Complete		5.92		1		3.5666048839		68		Censored		3.57		0				106,369.08		0.0%

		0.4551387497		0.6344799347		107,470		91,032		Complete		5.93		1		5.0249814113		69		Censored		5.02		0				107,695.83		0.0%

		0.4833880625		0.7139968076		108,680		101,063		Complete		5.98		1		5.5562377548		70		Censored		5.56		0				108,763.66		0.0%

		0.7532083692		0.298596417		114,337		52,288		Complete		6.41		1		2.9317400331		71		Censored		2.93		0				115,706.26		0.1%

		0.5037072985		0.9642628729		111,705		111,705		Complete		6.01		1		8.5258858086		72		Censored		6.01		1				111,723.85		0.0%

		0.509875928		0.4864485032		108,199		74,086		Complete		6.01		1		4.1184597597		73		Censored		4.12		0				108,248.95		0.0%

		0.8488602109		0.3186739807		118,198		54,798		Complete		6.62		1		3.0686159502		74		Censored		3.07		0				120,261.11		49.7%

		0.9517949549		0.3341748761		125,098		56,704		Complete		7.00		1		3.1718064608		75		Censored		3.17		0				128,423.33		100.0%

		0.5328600983		0.9367762992		111,947		111,947		Complete		6.05		1		7.8678297581		76		Censored		6.05		1				112,112.03		0.0%

		0.7150899442		0.362088868		113,432		59,982		Complete		6.34		1		3.3530858577		77		Censored		3.35		0				114,568.69		0.0%

		0.7241527506		0.3675191196		113,752		60,619		Complete		6.36		1		3.3877650359		78		Censored		3.39		0				114,941.99		0.0%

		0.5730158211		0.4910874849		109,943		74,604		Complete		6.11		1		4.1463786695		79		Censored		4.15		0				110,311.25		0.0%

		0.5907043385		0.5600968453		110,779		82,357		Complete		6.14		1		4.5629154176		80		Censored		4.56		0				111,238.20		0.0%

		0.5908816602		0.6832645104		111,436		97,030		Complete		6.14		1		5.3444331222		81		Censored		5.34		0				111,895.31		0.0%

		0.5937261353		0.6361636829		111,258		91,214		Complete		6.14		1		5.0357354614		82		Censored		5.04		0				111,731.85		0.0%

		0.5938684804		0.6478158874		111,324		92,623		Complete		6.14		1		5.110633135		83		Censored		5.11		0				111,798.96		0.0%

		0.8192496334		0.4185184999		117,444		66,482		Complete		6.55		1		3.7063560721		84		Censored		3.71		0				119,268.75		23.6%

		0.6955605963		0.4381380099		113,215		68,685		Complete		6.31		1		3.8263398591		85		Censored		3.83		0				114,238.05		0.0%

		0.6573027698		0.5895885139		112,828		85,728		Complete		6.24		1		4.7435678646		86		Censored		4.74		0				113,638.42		0.0%

		0.6679913218		0.8319905973		114,615		114,615		Complete		6.26		1		6.5089471539		87		Censored		6.26		1				115,484.10		0.0%

		0.6763389084		0.8739478933		115,231		115,231		Complete		6.27		1		6.9486081031		88		Censored		6.27		1				116,146.32		0.2%

		0.6979675336		0.8427699054		115,612		115,612		Complete		6.31		1		6.6141773956		89		Censored		6.31		1				116,649.43		0.5%

		0.7004352519		0.9502086759		116,971		116,971		Complete		6.32		1		8.1525127632		90		Censored		6.32		1				118,022.12		5.3%

		0.7997403166		0.5155021746		117,157		77,330		Complete		6.50		1		4.2932831364		91		Censored		4.29		0				118,838.62		15.2%

		0.8920764899		0.5577033074		121,657		82,066		Complete		6.74		1		4.548357133		92		Censored		4.55		0				124,132.18		99.7%

		0.76188764		0.8666894944		117,916		117,916		Complete		6.43		1		6.8661063927		93		Censored		6.43		1				119,340.32		25.2%

		0.7891071541		0.9357518933		119,716		119,716		Complete		6.48		1		7.8481409749		94		Censored		6.48		1				121,322.70		77.4%

		0.906573395		0.6330748874		122,935		90,791		Complete		6.79		1		5.0160200865		95		Censored		5.02		0				125,575.32		100.0%

		0.8777156154		0.6743581019		121,471		95,839		Complete		6.70		1		5.2847506489		96		Censored		5.28		0				123,798.59		99.4%

		0.8387112333		0.6935092597		119,695		98,282		Complete		6.59		1		5.4139732518		97		Censored		5.41		0				121,673.08		84.2%

		0.9524237849		0.737741259		127,296		104,134		Complete		7.00		1		5.7273535874		98		Censored		5.73		0				130,633.73		100.0%

		0.8810839899		0.9502701606		124,044		124,044		Complete		6.71		1		8.1539490196		99		Censored		6.71		1				126,404.37		100.0%

		0.995928538		0.7864320853		138,166		111,183		Complete		7.59		1		6.1058457234		100		Censored		6.11		0				143,458.10		100.0%
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		Rand (fail)		Rand (cens)		Energy 0		Energy		Stratum		Fail		Cens Ind		Cens		Rank		Stratum		Wear		Cens Ind				Current Energy		Pr(w>6.5mm)				VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)		VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)		VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)

		0.0026341545		0.8061612807		79,594		79,594		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				85,174.32		0.0%				1		4.33		1		85,174		0.0%		34		2.98		0		101,005		0.0%		67		4.52		0		107,086		0.0%

		0.0383579346		0.7087730327		89,983		89,983		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				93,523.01		0.0%				2		4.94		1		93,523		0.0%		35		1.44		0		149,004		100.0%		68		3.57		0		106,369		0.0%

		0.0432567081		0.9682477607		93,199		93,199		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				96,627.35		0.0%				3		4.97		1		96,627		0.0%		36		3.04		0		101,604		0.0%		69		5.02		0		107,696		0.0%

		0.052250061		0.9711307172		94,262		94,262		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				97,509.28		0.0%				4		5.03		1		97,509		0.0%		37		4.67		0		102,978		0.0%		70		5.56		0		108,764		0.0%

		0.2479688412		0.0558040305		97,464		6,651		Complete		5.59		1		0.381583847		5		Censored		0.38		0				98,826.11		0.0%				5		0.38		0		98,826		0.0%		38		3.53		0		102,140		0.0%		71		2.93		0		115,706		0.1%

		0.0966336186		0.5724782837		94,315		83,817		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				96,916.80		0.0%				6		4.64		0		96,917		0.0%		39		5.68		1		104,759		0.0%		72		6.01		1		111,724		0.0%

		0.0984156564		0.8614269632		96,235		96,235		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				98,815.94		0.0%				7		5.23		1		98,816		0.0%		40		1.79		0		101,328		0.0%		73		4.12		0		108,249		0.0%

		0.0991991864		0.0689428689		91,142		11,141		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				93,714.65		0.0%				8		0.64		0		93,715		0.0%		41		5.68		1		106,389		0.0%		74		3.07		0		120,261		49.7%

		0.2088069369		0.0458040305		95,872		2,630		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				97,493.05		0.0%				9		0.15		0		97,493		0.0%		42		1.77		0		116,492		0.3%		75		3.17		0		128,423		100.0%

		0.1295057064		0.2751647933		94,615		49,177		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				96,872.64		0.0%				10		2.77		0		96,873		0.0%		43		1.78		0		108,667		0.0%		76		6.05		1		112,112		0.0%

		0.1311472193		0.4239533009		95,510		67,045		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				97,751.76		0.0%				11		3.74		0		97,752		0.0%		44		2.45		0		102,123		0.0%		77		3.35		0		114,569		0.0%

		0.1315987415		0.5003770603		95,918		75,642		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				98,155.87		0.0%				12		4.20		0		98,156		0.0%		45		1.83		0		119,629		32.2%		78		3.39		0		114,942		0.0%

		0.1824698038		0.0533910159		94,990		5,731		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				96,801.61		0.0%				13		0.33		0		96,802		0.0%		46		2.57		0		102,464		0.0%		79		4.15		0		110,311		0.0%

		0.1403234428		0.3697783048		95,683		60,816		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				97,841.09		0.0%				14		3.40		0		97,841		0.0%		47		5.73		1		106,181		0.0%		80		4.56		0		111,238		0.0%

		0.1427021326		0.3522410597		95,704		58,750		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				97,840.78		0.0%				15		3.29		0		97,841		0.0%		48		1.97		0		117,006		1.0%		81		5.34		0		111,895		0.0%

		0.6578144178		0.0592884886		109,269		7,948		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				110,081.72		0.0%				16		0.45		0		110,082		0.0%		49		4.80		0		104,887		0.0%		82		5.04		0		111,732		0.0%

		0.1602259587		0.1650360762		95,322		32,853		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				97,309.00		0.0%				17		1.86		0		97,309		0.0%		50		5.76		1		106,952		0.0%		83		5.11		0		111,799		0.0%

		0.1625754384		0.792563116		99,004		99,004		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				100,972.13		0.0%				18		5.41		1		100,972		0.0%		51		5.77		1		106,018		0.0%		84		3.71		0		119,269		23.6%

		0.1651698985		0.7335276766		98,734		98,734		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				100,680.85		0.0%				19		5.42		1		100,681		0.0%		52		2.09		0		103,950		0.0%		85		3.83		0		114,238		0.0%

		0.1658913703		0.315217999		96,556		54,275		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				98,497.12		0.0%				20		3.05		0		98,497		0.0%		53		2.85		0		103,724		0.0%		86		4.74		0		113,638		0.0%

		0.1679978382		0.5521950264		97,872		81,487		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				99,795.87		0.0%				21		4.51		0		99,796		0.0%		54		2.18		0		128,458		100.0%		87		6.26		1		115,484		0.0%

		0.7831453081		0.0750565966		113,577		13,098		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				115,142.34		0.0%				22		0.75		0		115,142		0.0%		55		4.30		0		105,463		0.0%		88		6.27		1		116,146		0.2%

		0.4208001519		0.0773423656		102,995		13,739		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				103,394.99		0.0%				23		0.78		0		103,395		0.0%		56		4.92		0		106,118		0.0%		89		6.31		1		116,649		0.5%

		0.1838582998		0.2846845032		97,134		50,429		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				98,935.36		0.0%				24		2.83		0		98,935		0.0%		57		4.55		0		105,911		0.0%		90		6.32		1		118,022		5.3%

		0.2045291682		0.0819892463		96,300		15,039		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				97,951.51		0.0%				25		0.86		0		97,952		0.0%		58		2.38		0		111,092		0.0%		91		4.29		0		118,839		15.2%

		0.1933609081		0.0870180128		95,933		16,411		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				97,664.22		0.0%				26		0.94		0		97,664		0.0%		59		2.43		0		110,512		0.0%		92		4.55		0		124,132		99.7%

		0.1983134911		0.7514802656		100,204		100,204		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				101,898.90		0.0%				27		5.49		1		101,899		0.0%		60		3.25		0		105,160		0.0%		93		6.43		1		119,340		25.2%

		0.7673391849		0.091452929		113,221		17,648		Complete		6.44		1		1.003533522		28		Censored		1.00		0				114,681.71		0.0%				28		1.00		0		114,682		0.0%		61		2.46		0		114,311		0.0%		94		6.48		1		121,323		77.4%

		0.2119174016		0.8235691112		101,220		101,220		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				102,819.99		0.0%				29		5.52		1		102,820		0.0%		62		5.88		1		108,987		0.0%		95		5.02		0		125,575		100.0%

		0.8371792225		0.1031776647		116,088		20,563		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				118,054.21		5.6%				30		1.17		0		118,054		5.6%		63		2.58		0		108,928		0.0%		96		5.28		0		123,799		99.4%

		0.2312629608		0.2243434077		98,550		42,222		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				100,019.48		0.0%				31		2.38		0		100,019		0.0%		64		2.66		0		123,365		98.7%		97		5.41		0		121,673		84.2%

		0.4032351149		0.1112859498		102,915		22,378		Complete		5.85		1		1.272677458		32		Censored		1.27		0				103,404.72		0.0%				32		1.27		0		103,405		0.0%		65		2.66		0		116,424		0.3%		98		5.73		0		130,634		100.0%

		0.2380384048		0.5108234047		100,358		76,814		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				101,783.15		0.0%				33		4.27		0		101,783		0.0%		66		2.67		0		112,773		0.0%		99		6.71		1		126,404		100.0%

		0.2486035223		0.3049067128		99,647		53,010		Complete		5.59		1		2.9751844852		34		Censored		2.98		0				101,005.08		0.0%																								100		6.11		0		143,458		100.0%

		0.9996414779		0.1252851226		142,238		25,552		Complete		8.03		1		1.4424830232		35		Censored		1.44		0				149,004.19		100.0%

		0.2686115362		0.3145221478		100,370		54,209		Complete		5.63		1		3.0406261223		36		Censored		3.04		0				101,604.10		0.0%

		0.2693354392		0.5770690172		101,749		84,320		Complete		5.63		1		4.6665622204		37		Censored		4.67		0				102,978.35		0.0%

		0.2734424279		0.3899951898		100,935		63,183		Complete		5.64		1		3.5296042281		38		Censored		3.53		0				102,139.91		0.0%

		0.2973380416		0.7644433465		103,695		103,695		Complete		5.68		1		5.9296051426		39		Censored		5.68		1				104,759.10		0.0%

		0.29792175		0.1580772696		100,267		31,664		Complete		5.68		1		1.7942603672		40		Censored		1.79		0				101,327.81		0.0%

		0.2979323201		0.9367788558		105,329		105,329		Complete		5.68		1		7.8678792037		41		Censored		5.68		1				106,389.43		0.0%

		0.7942746452		0.1560931961		114,849		31,388		Complete		6.49		1		1.7744521125		42		Censored		1.77		0				116,491.91		0.3%

		0.5830813541		0.1564810859		108,248		31,424		Complete		6.13		1		1.7783376337		43		Censored		1.78		0				108,667.17		0.0%

		0.307784436		0.2329434243		101,119		43,472		Complete		5.70		1		2.4499494986		44		Censored		2.45		0				102,122.79		0.0%

		0.8560684148		0.161674476		117,503		32,391		Complete		6.64		1		1.8297617919		45		Censored		1.83		0				119,628.91		32.2%

		0.3174170031		0.2487531801		101,514		45,682		Complete		5.72		1		2.5717955156		46		Censored		2.57		0				102,463.74		0.0%

		0.3248676455		0.8618161083		105,272		105,272		Complete		5.73		1		6.8124361904		47		Censored		5.73		1				106,180.69		0.0%

		0.8020734106		0.1759610582		115,308		34,824		Complete		6.51		1		1.965918039		48		Censored		1.97		0				117,006.11		1.0%

		0.3407459475		0.5985396839		104,067		86,798		Complete		5.75		1		4.7989657313		49		Censored		4.80		0				104,887.37		0.0%

		0.3459457898		0.8887390035		106,160		106,160		Complete		5.76		1		7.1276384174		50		Censored		5.76		1				106,952.35		0.0%

		0.3478618705		0.7672289642		105,236		105,236		Complete		5.77		1		5.9514036927		51		Censored		5.77		1				106,017.83		0.0%

		0.3971791116		0.1899605292		103,429		37,040		Complete		5.84		1		2.0926997834		52		Censored		2.09		0				103,950.15		0.0%

		0.3601126076		0.2870842671		103,008		50,771		Complete		5.79		1		2.8513849825		53		Censored		2.85		0				103,724.37		0.0%

		0.9581508961		0.2003375904		124,999		38,773		Complete		7.04		1		2.1830015982		54		Censored		2.18		0				128,458.30		100.0%

		0.3827867473		0.5173823768		104,867		77,547		Complete		5.82		1		4.304603886		55		Censored		4.30		0				105,463.27		0.0%

		0.3889854336		0.6177954383		105,554		89,053		Complete		5.83		1		4.9192701692		56		Censored		4.92		0				106,118.11		0.0%

		0.3933308937		0.5582372896		105,370		82,157		Complete		5.84		1		4.5516038586		57		Censored		4.55		0				105,911.30		0.0%

		0.6406415017		0.2239481701		110,372		42,234		Complete		6.22		1		2.3785756563		58		Censored		2.38		0				111,092.37		0.0%

		0.6223291036		0.2301390684		109,889		43,122		Complete		6.19		1		2.4278665567		59		Censored		2.43		0				110,511.75		0.0%

		0.408055367		0.3458221678		104,695		58,026		Complete		5.86		1		3.2481010456		60		Censored		3.25		0				105,160.31		0.0%

		0.7278677679		0.2341518561		113,098		43,709		Complete		6.36		1		2.4594197146		61		Censored		2.46		0				114,311.14		0.0%

		0.4186970722		0.9187234916		108,577		108,577		Complete		5.88		1		7.5516874436		62		Censored		5.88		1				108,987.07		0.0%

		0.5705642668		0.2502319355		108,573		45,924		Complete		6.11		1		2.5829758563		63		Censored		2.58		0				108,928.46		0.0%

		0.9033513698		0.2601337373		120,764		47,321		Complete		6.78		1		2.6569604274		64		Censored		2.66		0				123,365.48		98.7%

		0.7758877611		0.2606180713		114,908		47,361		Complete		6.46		1		2.6605413798		65		Censored		2.66		0				116,424.36		0.3%

		0.6818055207		0.2613796708		111,828		47,449		Complete		6.28		1		2.6661653929		66		Censored		2.67		0				112,773.05		0.0%

		0.4466039452		0.5531131344		106,817		81,572		Complete		5.92		1		4.5204735448		67		Censored		4.52		0				107,085.69		0.0%

		0.4501227716		0.3959228504		106,118		63,881		Complete		5.92		1		3.5666048839		68		Censored		3.57		0				106,369.08		0.0%

		0.4551387497		0.6344799347		107,470		91,032		Complete		5.93		1		5.0249814113		69		Censored		5.02		0				107,695.83		0.0%

		0.4833880625		0.7139968076		108,680		101,063		Complete		5.98		1		5.5562377548		70		Censored		5.56		0				108,763.66		0.0%

		0.7532083692		0.298596417		114,337		52,288		Complete		6.41		1		2.9317400331		71		Censored		2.93		0				115,706.26		0.1%

		0.5037072985		0.9642628729		111,705		111,705		Complete		6.01		1		8.5258858086		72		Censored		6.01		1				111,723.85		0.0%

		0.509875928		0.4864485032		108,199		74,086		Complete		6.01		1		4.1184597597		73		Censored		4.12		0				108,248.95		0.0%

		0.8488602109		0.3186739807		118,198		54,798		Complete		6.62		1		3.0686159502		74		Censored		3.07		0				120,261.11		49.7%

		0.9517949549		0.3341748761		125,098		56,704		Complete		7.00		1		3.1718064608		75		Censored		3.17		0				128,423.33		100.0%

		0.5328600983		0.9367762992		111,947		111,947		Complete		6.05		1		7.8678297581		76		Censored		6.05		1				112,112.03		0.0%

		0.7150899442		0.362088868		113,432		59,982		Complete		6.34		1		3.3530858577		77		Censored		3.35		0				114,568.69		0.0%

		0.7241527506		0.3675191196		113,752		60,619		Complete		6.36		1		3.3877650359		78		Censored		3.39		0				114,941.99		0.0%

		0.5730158211		0.4910874849		109,943		74,604		Complete		6.11		1		4.1463786695		79		Censored		4.15		0				110,311.25		0.0%

		0.5907043385		0.5600968453		110,779		82,357		Complete		6.14		1		4.5629154176		80		Censored		4.56		0				111,238.20		0.0%

		0.5908816602		0.6832645104		111,436		97,030		Complete		6.14		1		5.3444331222		81		Censored		5.34		0				111,895.31		0.0%

		0.5937261353		0.6361636829		111,258		91,214		Complete		6.14		1		5.0357354614		82		Censored		5.04		0				111,731.85		0.0%

		0.5938684804		0.6478158874		111,324		92,623		Complete		6.14		1		5.110633135		83		Censored		5.11		0				111,798.96		0.0%

		0.8192496334		0.4185184999		117,444		66,482		Complete		6.55		1		3.7063560721		84		Censored		3.71		0				119,268.75		23.6%

		0.6955605963		0.4381380099		113,215		68,685		Complete		6.31		1		3.8263398591		85		Censored		3.83		0				114,238.05		0.0%

		0.6573027698		0.5895885139		112,828		85,728		Complete		6.24		1		4.7435678646		86		Censored		4.74		0				113,638.42		0.0%

		0.6679913218		0.8319905973		114,615		114,615		Complete		6.26		1		6.5089471539		87		Censored		6.26		1				115,484.10		0.0%

		0.6763389084		0.8739478933		115,231		115,231		Complete		6.27		1		6.9486081031		88		Censored		6.27		1				116,146.32		0.2%

		0.6979675336		0.8427699054		115,612		115,612		Complete		6.31		1		6.6141773956		89		Censored		6.31		1				116,649.43		0.5%

		0.7004352519		0.9502086759		116,971		116,971		Complete		6.32		1		8.1525127632		90		Censored		6.32		1				118,022.12		5.3%

		0.7997403166		0.5155021746		117,157		77,330		Complete		6.50		1		4.2932831364		91		Censored		4.29		0				118,838.62		15.2%

		0.8920764899		0.5577033074		121,657		82,066		Complete		6.74		1		4.548357133		92		Censored		4.55		0				124,132.18		99.7%

		0.76188764		0.8666894944		117,916		117,916		Complete		6.43		1		6.8661063927		93		Censored		6.43		1				119,340.32		25.2%

		0.7891071541		0.9357518933		119,716		119,716		Complete		6.48		1		7.8481409749		94		Censored		6.48		1				121,322.70		77.4%

		0.906573395		0.6330748874		122,935		90,791		Complete		6.79		1		5.0160200865		95		Censored		5.02		0				125,575.32		100.0%

		0.8777156154		0.6743581019		121,471		95,839		Complete		6.70		1		5.2847506489		96		Censored		5.28		0				123,798.59		99.4%

		0.8387112333		0.6935092597		119,695		98,282		Complete		6.59		1		5.4139732518		97		Censored		5.41		0				121,673.08		84.2%

		0.9524237849		0.737741259		127,296		104,134		Complete		7.00		1		5.7273535874		98		Censored		5.73		0				130,633.73		100.0%

		0.8810839899		0.9502701606		124,044		124,044		Complete		6.71		1		8.1539490196		99		Censored		6.71		1				126,404.37		100.0%

		0.995928538		0.7864320853		138,166		111,183		Complete		7.59		1		6.1058457234		100		Censored		6.11		0				143,458.10		100.0%
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Incremental Mileage to Critical Wear (6.5mm) by VIN 
@ 95% Confidence Probability: Pr(w>6.5|∆m<m0)=0.95

VIN
Current 
Energy, 

kJ

Current 
Mileage

Increm. Mileage 
to Critcal Wear 

(6.5 mm)
VIN Energy, 

kJ
Current 
Mileage

Increm. Mileage 
to Critcal Wear 

(6.5 mm)
VIN Energy, 

kJ
Current 
Mileage

Increm. Mileage 
to Critcal Wear 

(6.5 mm)

1 85,174 33,162 12,214 34 101,005 40,669 4,707 67 107,086 42,005 3,371
2 93,523 36,649 8,726 35 149,004 57,592 0 68 106,369 41,474 3,901
3 96,627 38,286 7,090 36 101,604 39,803 5,573 69 107,696 41,806 3,570
4 97,509 39,065 6,310 37 102,978 40,608 4,768 70 108,764 42,294 3,082
5 98,826 39,213 6,163 38 102,140 40,439 4,937 71 115,706 44,957 419
6 96,917 37,642 7,734 39 104,759 41,305 4,071 72 111,724 44,018 1,358
7 98,816 39,946 5,430 40 101,328 39,452 5,924 73 108,249 42,858 2,517
8 93,715 36,288 9,088 41 106,389 42,408 2,968 74 120,261 47,015 0
9 97,493 37,879 7,496 42 116,492 45,363 13 75 128,423 49,802 0

10 96,873 37,304 8,072 43 108,667 42,544 2,832 76 112,112 43,779 1,597
11 97,752 38,765 6,611 44 102,123 41,323 4,053 77 114,569 44,233 1,142
12 98,156 39,531 5,844 45 119,629 47,037 0 78 114,942 44,742 634
13 96,802 37,958 7,418 46 102,464 40,039 5,337 79 110,311 44,059 1,317
14 97,841 38,346 7,030 47 106,181 41,198 4,177 80 111,238 44,925 451
15 97,841 39,110 6,265 48 117,006 45,465 0 81 111,895 43,735 1,641
16 110,082 43,630 1,746 49 104,887 41,384 3,992 82 111,732 44,485 891
17 97,309 37,509 7,867 50 106,952 43,003 2,373 83 111,799 43,081 2,295
18 100,972 39,358 6,018 51 106,018 41,339 4,037 84 119,269 46,853 0
19 100,681 41,443 3,933 52 103,950 41,523 3,853 85 114,238 45,269 107
20 98,497 38,833 6,542 53 103,724 40,733 4,643 86 113,638 43,731 1,645
21 99,796 39,355 6,021 54 128,458 49,944 0 87 115,484 46,213 0
22 115,142 45,044 332 55 105,463 41,404 3,972 88 116,146 44,769 607
23 103,395 39,811 5,565 56 106,118 41,408 3,968 89 116,649 45,354 22
24 98,935 39,165 6,211 57 105,911 40,853 4,522 90 118,022 45,573 0
25 97,952 39,052 6,324 58 111,092 43,458 1,917 91 118,839 46,533 0
26 97,664 38,710 6,665 59 110,512 42,765 2,611 92 124,132 48,493 0
27 101,899 39,926 5,449 60 105,160 41,735 3,641 93 119,340 46,787 0
28 114,682 46,115 0 61 114,311 44,674 702 94 121,323 48,970 0
29 102,820 40,045 5,331 62 108,987 42,629 2,747 95 125,575 48,371 0
30 118,054 47,012 0 63 108,928 42,140 3,235 96 123,799 47,641 0
31 100,019 39,489 5,887 64 123,365 47,805 0 97 121,673 47,319 0
32 103,405 39,998 5,378 65 116,424 44,903 473 98 130,634 52,227 0
33 101,783 39,914 5,462 66 112,773 45,043 333 99 126,404 49,546 0

100 143,458 55,378 0


Take 1

														75						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 

		Rand (fail)		Rand (cens)		Fail		Cens		Rank		TTF		Cens Ind				i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens

		0.0026341545		0.8061612807		72		118.6383700091		1		72		1				1		72		1		72		1		34		95		1		95		1		67		102		1		102		1

		0.0383579346		0.7087730327		82		115.4980382531		2		82		1				2		82		1		82		1		35		95		1		95		1		68		102		1		102		1

		0.0432567081		0.9682477607		83		128.5564287172		3		83		1				3		83		1		83		1		36		95		1		95		1		69		102		1		102		1

		0.052250061		0.9711307172		84		128.9767759646		4		84		1				4		84		1		84		1		37		95		1		95		1		70		102		1		102		1

		0.0966336186		0.5724782837		87		111.8268723442		5		87		1				5		87		1		87		1		38		95		1		95		1		71		102		1		102		1

		0.0984156564		0.8614269632		87		120.8675279761		6		87		1				6		87		1		87		1		39		108		1		96		0		72		102		1		102		1

		0.0991991864		0.0689428689		87		95.1628949388		7		87		1				7		87		1		87		1		40		98		1		96		0		73		104		1		102		0

		0.1295057064		0.2751647933		89		104.027336793		8		89		1				8		89		1		89		1		41		96		1		96		1		74		103		1		103		0

		0.1311472193		0.4239533009		89		108.0820986891		9		89		1				9		89		1		89		1		42		96		1		96		1		75		106		1		103		0

		0.1315987415		0.5003770603		89		110.0094515003		10		89		1				10		89		1		89		1		43		96		1		96		1		76		113		1		104		0

		0.2479688412		0.0184418088		93		89.1295002876		11		89		0				11		93		1		89		0		44		96		1		96		1		77		108		1		104		0

		0.1403234428		0.3697783048		89		106.6755943155		12		89		1				12		89		1		89		1		45		107		1		97		0		78		105		1		104		0

		0.1427021326		0.3522410597		89		106.2072292192		13		89		1				13		89		1		89		1		46		97		1		97		1		79		104		1		104		1

		0.1602259587		0.1650360762		90		100.2603144471		14		90		1				14		90		1		90		1		47		97		1		97		1		80		104		1		104		1

		0.1625754384		0.792563116		90		118.1534690328		15		90		1				15		90		1		90		1		48		97		1		97		1		81		105		1		105		1

		0.1651698985		0.7335276766		90		116.2351728544		16		90		1				16		90		1		90		1		49		110		1		97		0		82		107		1		105		0

		0.1658913703		0.315217999		90		105.1888673103		17		90		1				17		90		1		90		1		50		97		1		97		1		83		105		1		105		1

		0.1679978382		0.5521950264		90		111.3120903704		18		90		1				18		90		1		90		1		51		98		1		98		1		84		105		1		105		1

		0.1824698038		0.0533910159		91		93.8717269353		19		91		1				19		91		1		91		1		52		98		1		98		1		85		105		1		105		1

		0.1838582998		0.2846845032		91		104.310189592		20		91		1				20		91		1		91		1		53		98		1		98		1		86		110		1		105		0

		0.1933609081		0.0870180128		91		96.4065100598		21		91		1				21		91		1		91		1		54		134		1		99		0		87		106		1		106		1

		0.1983134911		0.7514802656		92		116.7915529636		22		92		1				22		92		1		92		1		55		99		1		99		1		88		117		1		106		0

		0.2045291682		0.0819892463		92		96.0818521806		23		92		1				23		92		1		92		1		56		99		1		99		1		89		106		1		106		1

		0.2088069369		0.0458040305		92		93.1302448987		24		92		1				24		92		1		92		1		57		99		1		99		1		90		107		1		107		1

		0.2119174016		0.8235691112		92		119.2905269609		25		92		1				25		92		1		92		1		58		100		1		100		1		91		109		1		108		0

		0.2312629608		0.2243434077		93		102.4239388025		26		93		1				26		93		1		93		1		59		108		1		100		0		92		108		1		108		1

		0.2380384048		0.5108234047		93		110.2713358127		27		93		1				27		93		1		93		1		60		102		1		100		0		93		108		1		108		1

		0.2486035223		0.3049067128		93		104.8966020218		28		93		1				28		93		1		93		1		61		100		1		100		1		94		110		1		110		1

		0.2686115362		0.3145221478		94		105.1692755096		29		94		1				29		94		1		94		1		62		111		1		100		0		95		112		1		111		0

		0.2693354392		0.5770690172		94		111.9440092516		30		94		1				30		94		1		94		1		63		100		1		100		1		96		112		1		112		1

		0.2734424279		0.3899951898		94		107.2066842837		31		94		1				31		94		1		94		1		64		108		1		101		0		97		112		1		112		1

		0.6578144178		0.0592884886		104		94.3922554694		32		94		0				32		104		1		94		0		65		101		1		101		1		98		113		1		113		1

		0.2973380416		0.7644433465		95		117.2066880942		33		95		1				33		95		1		95		1		66		117		1		102		0		99		117		1		116		0

		0.29792175		0.1580772696		95		99.9760848633		34		95		1																								100		126		1		118		0

		0.2979323201		0.9367788558		95		125.2828300155		35		95		1

		0.307784436		0.2329434243		95		102.7081229108		36		95		1

		0.3174170031		0.2487531801		95		103.2158146484		37		95		1

		0.3248676455		0.8618161083		95		120.8851507932		38		95		1

		0.7831453081		0.0750565966		108		95.6086823329		39		96		0

		0.4208001519		0.0773423656		98		95.7682258587		40		96		0

		0.3407459475		0.5985396839		96		112.495690547		41		96		1

		0.3459457898		0.8887390035		96		122.1984934058		42		96		1

		0.3478618705		0.7672289642		96		117.2975153864		43		96		1

		0.3601126076		0.2870842671		96		104.3807707603		44		96		1

		0.7673391849		0.091452929		107		96.6813896751		45		97		0

		0.3827867473		0.5173823768		97		110.4358495248		46		97		1

		0.3889854336		0.6177954383		97		112.9969590384		47		97		1

		0.3933308937		0.5582372896		97		111.4650160773		48		97		1

		0.8371792225		0.1031776647		110		97.3634902685		49		97		0

		0.3971791116		0.1899605292		97		101.2195824307		50		97		1

		0.4032351149		0.1112859498		98		97.8028227418		51		98		1

		0.408055367		0.3458221678		98		106.0337543569		52		98		1

		0.4186970722		0.9187234916		98		123.9653643485		53		98		1

		0.9996414779		0.1252851226		134		98.51034593		54		99		0

		0.4466039452		0.5531131344		99		111.3353064366		55		99		1

		0.4501227716		0.3959228504		99		107.3608536828		56		99		1

		0.4551387497		0.6344799347		99		113.437422547		57		99		1

		0.4833880625		0.7139968076		100		115.6509906452		58		100		1

		0.7942746452		0.1560931961		108		99.8935504686		59		100		0

		0.5830813541		0.1564810859		102		99.9097401406		60		100		0

		0.5037072985		0.9642628729		100		128.0245242026		61		100		1

		0.8560684148		0.161674476		111		100.1240074662		62		100		0

		0.509875928		0.4864485032		100		109.6602489989		63		100		1

		0.8020734106		0.1759610582		108		100.6913251625		64		101		0

		0.5328600983		0.9367762992		101		125.2826239922		65		101		1

		0.9581508961		0.2003375904		117		101.5958399925		66		102		0

		0.5705642668		0.2502319355		102		103.2623994012		67		102		1

		0.5730158211		0.4910874849		102		109.7765777896		68		102		1

		0.5907043385		0.5600968453		102		111.5121475733		69		102		1

		0.5908816602		0.6832645104		102		114.7684713425		70		102		1

		0.5937261353		0.6361636829		102		113.4822310891		71		102		1

		0.5938684804		0.6478158874		102		113.7943047291		72		102		1

		0.6406415017		0.2239481701		104		102.4107319014		73		102		0

		0.6223291036		0.2301390684		103		102.6161106527		74		103		0

		0.7278677679		0.2341518561		106		102.7475821441		75		103		0

		0.9033513698		0.2601337373		113		103.5706684474		76		104		0

		0.7758877611		0.2606180713		108		103.5855890827		77		104		0

		0.6818055207		0.2613796708		105		103.6090224705		78		104		0

		0.6573027698		0.5895885139		104		112.2648661025		79		104		1

		0.6679913218		0.8319905973		104		119.6206131413		80		104		1

		0.6763389084		0.8739478933		105		121.452533763		81		105		1

		0.7532083692		0.298596417		107		104.715583471		82		105		0

		0.6955605963		0.4381380099		105		108.4430827463		83		105		1

		0.6979675336		0.8427699054		105		120.0590724816		84		105		1

		0.7004352519		0.9502086759		105		126.46880318		85		105		1

		0.8488602109		0.3186739807		110		105.2858997923		86		105		0

		0.7150899442		0.362088868		106		106.4711910739		87		106		1

		0.9517949549		0.3341748761		117		105.7158602532		88		106		0

		0.7241527506		0.3675191196		106		106.6156876496		89		106		1

		0.76188764		0.8666894944		107		121.1087766361		90		107		1

		0.8192496334		0.4185184999		109		107.9431503005		91		108		0

		0.7891071541		0.9357518933		108		125.2005873956		92		108		1

		0.7997403166		0.5155021746		108		110.3886797351		93		108		1

		0.8387112333		0.6935092597		110		115.0582218827		94		110		1

		0.8920764899		0.5577033074		112		111.4514880541		95		111		0

		0.8777156154		0.6743581019		112		114.5197943703		96		112		1

		0.8810839899		0.9502701606		112		126.4747875818		97		112		1

		0.906573395		0.6330748874		113		113.4000836939		98		113		1

		0.9524237849		0.737741259		117		116.3639732808		99		116		0

		0.995928538		0.7864320853		126		117.9410238477		100		118		0





Take 2

														24						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 						Complete Sample 				Censoted Sample 

		Rand (fail)		Rand (cens)		Fail		Cens		Rank		TTF		Cens Ind				i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens		i		Time		1=Comp 
0=Cens		Time		1=Comp 
0=Cens

		0.0026341545		0.8061612807		72		104.5534800364		1		72		1				1		72		1		72		1		34		95		1		50		0		67		102		1		75		0

		0.0383579346		0.7087730327		82		91.9921530124		2		82		1				2		82		1		82		1		35		95		1		24		0		68		102		1		59		0

		0.0432567081		0.9682477607		83		144.2257148686		3		83		1				3		83		1		83		1		36		95		1		51		0		69		102		1		84		0

		0.052250061		0.9711307172		84		145.9071038585		4		84		1				4		84		1		84		1		37		95		1		78		0		70		102		1		93		0

		0.2479688412		0.0184418088		93		-13.4819988497		5		-13		0				5		87		1		1		0		38		95		1		59		0		71		102		1		49		0

		0.0966336186		0.5724782837		87		77.307489377		6		77		0				6		87		1		77		0		39		108		1		95		1		72		102		1		100		1

		0.0984156564		0.8614269632		87		113.4701119045		7		87		1				7		87		1		87		1		40		98		1		30		0		73		104		1		69		0

		0.0991991864		0.0689428689		87		10.6515797552		8		11		0				8		89		1		11		0		41		96		1		95		1		74		103		1		51		0

		0.2088069369		0.0458040305		92		2.5209795947		9		3		0				9		89		1		3		0		42		96		1		30		0		75		106		1		53		0

		0.1295057064		0.2751647933		89		46.1093471722		10		46		0				10		89		1		46		0		43		96		1		30		0		76		113		1		101		1

		0.1311472193		0.4239533009		89		62.3283947566		11		62		0				11		93		1		62		0		44		96		1		41		0		77		108		1		56		0

		0.1315987415		0.5003770603		89		70.0378060011		12		70		0				12		89		1		70		0		45		107		1		30		0		78		105		1		56		0

		0.1824698038		0.0533910159		91		5.4869077411		13		5		0				13		89		1		5		0		46		97		1		43		0		79		104		1		69		0

		0.1403234428		0.3697783048		89		56.7023772619		14		57		0				14		90		1		57		0		47		97		1		95		1		80		104		1		76		0

		0.1427021326		0.3522410597		89		54.8289168767		15		55		0				15		90		1		55		0		48		97		1		33		0		81		105		1		89		0

		0.6578144178		0.0592884886		104		7.5690218776		16		8		0				16		90		1		8		0		49		110		1		80		0		82		107		1		84		0

		0.1602259587		0.1650360762		90		31.0412577882		17		31		0				17		90		1		31		0		50		97		1		96		1		83		105		1		85		0

		0.1625754384		0.792563116		90		102.6138761314		18		90		1				18		90		1		90		1		51		98		1		96		1		84		105		1		62		0

		0.1651698985		0.7335276766		90		94.9406914178		19		90		1				19		91		1		90		1		52		98		1		35		0		85		105		1		64		0

		0.1658913703		0.315217999		90		50.7554692413		20		51		0				20		91		1		51		0		53		98		1		48		0		86		110		1		79		0

		0.1679978382		0.5521950264		90		75.2483614815		21		75		0				21		91		1		75		0		54		134		1		36		0		87		106		1		104		1

		0.7831453081		0.0750565966		108		12.4347293314		22		12		0				22		92		1		12		0		55		99		1		72		0		88		117		1		105		1

		0.4208001519		0.0773423656		98		13.0729034347		23		13		0				23		92		1		13		0		56		99		1		82		0		89		106		1		105		1

		0.1838582998		0.2846845032		91		47.2407583678		24		47		0				24		92		1		47		0		57		99		1		76		0		90		107		1		105		1

		0.2045291682		0.0819892463		92		14.3274087224		25		14		0				25		92		1		14		0		58		100		1		40		0		91		109		1		72		0

		0.1933609081		0.0870180128		91		15.6260402393		26		16		0				26		93		1		16		0		59		108		1		40		0		92		108		1		76		0

		0.1983134911		0.7514802656		92		97.1662118546		27		92		1				27		93		1		92		1		60		102		1		54		0		93		108		1		107		1

		0.7673391849		0.091452929		107		16.7255587003		28		17		0				28		93		1		17		0		61		100		1		41		0		94		110		1		108		1

		0.2119174016		0.8235691112		92		107.1621078435		29		92		1				29		94		1		92		1		62		111		1		98		1		95		112		1		84		0

		0.8371792225		0.1031776647		110		19.4539610739		30		19		0				30		94		1		19		0		63		100		1		43		0		96		112		1		88		0

		0.2312629608		0.2243434077		93		39.6957552102		31		40		0				31		94		1		40		0		64		108		1		44		0		97		112		1		90		0

		0.4032351149		0.1112859498		98		21.2112909673		32		21		0				32		104		1		21		0		65		101		1		44		0		98		113		1		95		0

		0.2380384048		0.5108234047		93		71.085343251		33		71		0				33		95		1		71		0		66		117		1		44		0		99		117		1		112		1

		0.2486035223		0.3049067128		93		49.5864080871		34		50		0																								100		126		1		102		0

		0.9996414779		0.1252851226		134		24.0413837201		35		24		0

		0.2686115362		0.3145221478		94		50.6771020384		36		51		0

		0.2693354392		0.5770690172		94		77.7760370065		37		78		0

		0.2734424279		0.3899951898		94		58.8267371349		38		59		0

		0.2973380416		0.7644433465		95		98.8267523769		39		95		1

		0.29792175		0.1580772696		95		29.9043394533		40		30		0

		0.2979323201		0.9367788558		95		131.1313200622		41		95		1

		0.7942746452		0.1560931961		108		29.5742018744		42		30		0

		0.5830813541		0.1564810859		102		29.6389605622		43		30		0

		0.307784436		0.2329434243		95		40.8324916432		44		41		0

		0.8560684148		0.161674476		111		30.4960298647		45		30		0

		0.3174170031		0.2487531801		95		42.8632585937		46		43		0

		0.3248676455		0.8618161083		95		113.5406031727		47		95		1

		0.8020734106		0.1759610582		108		32.7653006501		48		33		0

		0.3407459475		0.5985396839		96		79.9827621879		49		80		0

		0.3459457898		0.8887390035		96		118.7939736232		50		96		1

		0.3478618705		0.7672289642		96		99.1900615456		51		96		1

		0.3971791116		0.1899605292		97		34.878329723		52		35		0

		0.3601126076		0.2870842671		96		47.5230830412		53		48		0

		0.9581508961		0.2003375904		117		36.3833599699		54		36		0

		0.3827867473		0.5173823768		97		71.7433980992		55		72		0

		0.3889854336		0.6177954383		97		81.9878361537		56		82		0

		0.3933308937		0.5582372896		97		75.8600643092		57		76		0

		0.6406415017		0.2239481701		104		39.6429276055		58		40		0

		0.6223291036		0.2301390684		103		40.4644426108		59		40		0

		0.408055367		0.3458221678		98		54.1350174275		60		54		0

		0.7278677679		0.2341518561		106		40.9903285765		61		41		0

		0.4186970722		0.9187234916		98		125.861457394		62		98		1

		0.5705642668		0.2502319355		102		43.0495976049		63		43		0

		0.9033513698		0.2601337373		113		44.2826737895		64		44		0

		0.7758877611		0.2606180713		108		44.3423563306		65		44		0

		0.6818055207		0.2613796708		105		44.4360898818		66		44		0

		0.4466039452		0.5531131344		99		75.3412257464		67		75		0

		0.4501227716		0.3959228504		99		59.443414731		68		59		0

		0.4551387497		0.6344799347		99		83.7496901882		69		84		0

		0.4833880625		0.7139968076		100		92.6039625806		70		93		0

		0.7532083692		0.298596417		107		48.8623338842		71		49		0

		0.5037072985		0.9642628729		100		142.0980968104		72		100		1

		0.509875928		0.4864485032		100		68.6409959955		73		69		0

		0.8488602109		0.3186739807		110		51.1435991693		74		51		0

		0.9517949549		0.3341748761		117		52.8634410128		75		53		0

		0.5328600983		0.9367762992		101		131.130495969		76		101		1

		0.7150899442		0.362088868		106		55.8847642955		77		56		0

		0.7241527506		0.3675191196		106		56.4627505984		78		56		0

		0.5730158211		0.4910874849		102		69.1063111585		79		69		0

		0.5907043385		0.5600968453		102		76.0485902934		80		76		0

		0.5908816602		0.6832645104		102		89.0738853698		81		89		0

		0.5937261353		0.6361636829		102		83.9289243563		82		84		0

		0.5938684804		0.6478158874		102		85.1772189165		83		85		0

		0.8192496334		0.4185184999		109		61.7726012018		84		62		0

		0.6955605963		0.4381380099		105		63.772330985		85		64		0

		0.6573027698		0.5895885139		104		79.0594644098		86		79		0

		0.6679913218		0.8319905973		104		108.4824525653		87		104		1

		0.6763389084		0.8739478933		105		115.810135052		88		105		1

		0.6979675336		0.8427699054		105		110.2362899262		89		105		1

		0.7004352519		0.9502086759		105		135.87521272		90		105		1

		0.7997403166		0.5155021746		108		71.5547189405		91		72		0

		0.8920764899		0.5577033074		112		75.8059522165		92		76		0

		0.76188764		0.8666894944		107		114.4351065444		93		107		1

		0.7891071541		0.9357518933		108		130.8023495823		94		108		1

		0.906573395		0.6330748874		113		83.6003347756		95		84		0

		0.8777156154		0.6743581019		112		88.0791774812		96		88		0

		0.8387112333		0.6935092597		110		90.2328875307		97		90		0

		0.9524237849		0.737741259		117		95.4558931231		98		95		0

		0.8810839899		0.9502701606		112		135.899150327		99		112		1

		0.995928538		0.7864320853		126		101.7640953906		100		102		0
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		0.0026341545		0.8061612807		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				1		4.33		1		4.33		1		34		5.59		1		2.98		0		67		5.92		1		4.52		0

		0.0383579346		0.7087730327		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				2		4.94		1		4.94		1		35		8.03		1		1.44		0		68		5.92		1		3.57		0

		0.0432567081		0.9682477607		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				3		4.97		1		4.97		1		36		5.63		1		3.04		0		69		5.93		1		5.02		0

		0.052250061		0.9711307172		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				4		5.03		1		5.03		1		37		5.63		1		4.67		0		70		5.98		1		5.56		0

		0.2479688412		0.0558040305		Complete		5.59		1		0.381583847		5		Censored		0.38		0				5		5.59		1		0.38		0		38		5.64		1		3.53		0		71		6.41		1		2.93		0

		0.0966336186		0.5724782837		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				6		5.22		1		4.64		0		39		5.68		1		5.68		1		72		6.01		1		6.01		1

		0.0984156564		0.8614269632		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				7		5.23		1		5.23		1		40		5.68		1		1.79		0		73		6.01		1		4.12		0

		0.0991991864		0.0689428689		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				8		5.23		1		0.64		0		41		5.68		1		5.68		1		74		6.62		1		3.07		0

		0.2088069369		0.0458040305		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				9		5.51		1		0.15		0		42		6.49		1		1.77		0		75		7.00		1		3.17		0

		0.1295057064		0.2751647933		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				10		5.32		1		2.77		0		43		6.13		1		1.78		0		76		6.05		1		6.05		1

		0.1311472193		0.4239533009		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				11		5.33		1		3.74		0		44		5.70		1		2.45		0		77		6.34		1		3.35		0

		0.1315987415		0.5003770603		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				12		5.33		1		4.20		0		45		6.64		1		1.83		0		78		6.36		1		3.39		0

		0.1824698038		0.0533910159		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				13		5.46		1		0.33		0		46		5.72		1		2.57		0		79		6.11		1		4.15		0

		0.1403234428		0.3697783048		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				14		5.35		1		3.40		0		47		5.73		1		5.73		1		80		6.14		1		4.56		0

		0.1427021326		0.3522410597		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				15		5.36		1		3.29		0		48		6.51		1		1.97		0		81		6.14		1		5.34		0

		0.6578144178		0.0592884886		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				16		6.24		1		0.45		0		49		5.75		1		4.80		0		82		6.14		1		5.04		0

		0.1602259587		0.1650360762		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				17		5.40		1		1.86		0		50		5.76		1		5.76		1		83		6.14		1		5.11		0

		0.1625754384		0.792563116		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				18		5.41		1		5.41		1		51		5.77		1		5.77		1		84		6.55		1		3.71		0

		0.1651698985		0.7335276766		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				19		5.42		1		5.42		1		52		5.84		1		2.09		0		85		6.31		1		3.83		0

		0.1658913703		0.315217999		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				20		5.42		1		3.05		0		53		5.79		1		2.85		0		86		6.24		1		4.74		0

		0.1679978382		0.5521950264		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				21		5.42		1		4.51		0		54		7.04		1		2.18		0		87		6.26		1		6.26		1

		0.7831453081		0.0750565966		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				22		6.47		1		0.75		0		55		5.82		1		4.30		0		88		6.27		1		6.27		1

		0.4208001519		0.0773423656		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				23		5.88		1		0.78		0		56		5.83		1		4.92		0		89		6.31		1		6.31		1

		0.1838582998		0.2846845032		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				24		5.46		1		2.83		0		57		5.84		1		4.55		0		90		6.32		1		6.32		1

		0.2045291682		0.0819892463		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				25		5.50		1		0.86		0		58		6.22		1		2.38		0		91		6.50		1		4.29		0

		0.1933609081		0.0870180128		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				26		5.48		1		0.94		0		59		6.19		1		2.43		0		92		6.74		1		4.55		0

		0.1983134911		0.7514802656		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				27		5.49		1		5.49		1		60		5.86		1		3.25		0		93		6.43		1		6.43		1

		0.7673391849		0.091452929		Complete		6.44		1		1.003533522		28		Censored		1.00		0				28		6.44		1		1.00		0		61		6.36		1		2.46		0		94		6.48		1		6.48		1

		0.2119174016		0.8235691112		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				29		5.52		1		5.52		1		62		5.88		1		5.88		1		95		6.79		1		5.02		0

		0.8371792225		0.1031776647		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				30		6.59		1		1.17		0		63		6.11		1		2.58		0		96		6.70		1		5.28		0

		0.2312629608		0.2243434077		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				31		5.56		1		2.38		0		64		6.78		1		2.66		0		97		6.59		1		5.41		0

		0.4032351149		0.1112859498		Complete		5.85		1		1.272677458		32		Censored		1.27		0				32		5.85		1		1.27		0		65		6.46		1		2.66		0		98		7.00		1		5.73		0

		0.2380384048		0.5108234047		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				33		5.57		1		4.27		0		66		6.28		1		2.67		0		99		6.71		1		6.71		1

		0.2486035223		0.3049067128		Complete		5.59		1		2.9751844852		34		Censored		2.98		0																								100		7.59		1		6.11		0

		0.9996414779		0.1252851226		Complete		8.03		1		1.4424830232		35		Censored		1.44		0

		0.2686115362		0.3145221478		Complete		5.63		1		3.0406261223		36		Censored		3.04		0

		0.2693354392		0.5770690172		Complete		5.63		1		4.6665622204		37		Censored		4.67		0

		0.2734424279		0.3899951898		Complete		5.64		1		3.5296042281		38		Censored		3.53		0

		0.2973380416		0.7644433465		Complete		5.68		1		5.9296051426		39		Censored		5.68		1

		0.29792175		0.1580772696		Complete		5.68		1		1.7942603672		40		Censored		1.79		0

		0.2979323201		0.9367788558		Complete		5.68		1		7.8678792037		41		Censored		5.68		1

		0.7942746452		0.1560931961		Complete		6.49		1		1.7744521125		42		Censored		1.77		0

		0.5830813541		0.1564810859		Complete		6.13		1		1.7783376337		43		Censored		1.78		0

		0.307784436		0.2329434243		Complete		5.70		1		2.4499494986		44		Censored		2.45		0

		0.8560684148		0.161674476		Complete		6.64		1		1.8297617919		45		Censored		1.83		0

		0.3174170031		0.2487531801		Complete		5.72		1		2.5717955156		46		Censored		2.57		0

		0.3248676455		0.8618161083		Complete		5.73		1		6.8124361904		47		Censored		5.73		1

		0.8020734106		0.1759610582		Complete		6.51		1		1.965918039		48		Censored		1.97		0

		0.3407459475		0.5985396839		Complete		5.75		1		4.7989657313		49		Censored		4.80		0

		0.3459457898		0.8887390035		Complete		5.76		1		7.1276384174		50		Censored		5.76		1

		0.3478618705		0.7672289642		Complete		5.77		1		5.9514036927		51		Censored		5.77		1

		0.3971791116		0.1899605292		Complete		5.84		1		2.0926997834		52		Censored		2.09		0

		0.3601126076		0.2870842671		Complete		5.79		1		2.8513849825		53		Censored		2.85		0

		0.9581508961		0.2003375904		Complete		7.04		1		2.1830015982		54		Censored		2.18		0

		0.3827867473		0.5173823768		Complete		5.82		1		4.304603886		55		Censored		4.30		0

		0.3889854336		0.6177954383		Complete		5.83		1		4.9192701692		56		Censored		4.92		0

		0.3933308937		0.5582372896		Complete		5.84		1		4.5516038586		57		Censored		4.55		0

		0.6406415017		0.2239481701		Complete		6.22		1		2.3785756563		58		Censored		2.38		0

		0.6223291036		0.2301390684		Complete		6.19		1		2.4278665567		59		Censored		2.43		0

		0.408055367		0.3458221678		Complete		5.86		1		3.2481010456		60		Censored		3.25		0

		0.7278677679		0.2341518561		Complete		6.36		1		2.4594197146		61		Censored		2.46		0

		0.4186970722		0.9187234916		Complete		5.88		1		7.5516874436		62		Censored		5.88		1

		0.5705642668		0.2502319355		Complete		6.11		1		2.5829758563		63		Censored		2.58		0

		0.9033513698		0.2601337373		Complete		6.78		1		2.6569604274		64		Censored		2.66		0

		0.7758877611		0.2606180713		Complete		6.46		1		2.6605413798		65		Censored		2.66		0

		0.6818055207		0.2613796708		Complete		6.28		1		2.6661653929		66		Censored		2.67		0

		0.4466039452		0.5531131344		Complete		5.92		1		4.5204735448		67		Censored		4.52		0

		0.4501227716		0.3959228504		Complete		5.92		1		3.5666048839		68		Censored		3.57		0

		0.4551387497		0.6344799347		Complete		5.93		1		5.0249814113		69		Censored		5.02		0

		0.4833880625		0.7139968076		Complete		5.98		1		5.5562377548		70		Censored		5.56		0

		0.7532083692		0.298596417		Complete		6.41		1		2.9317400331		71		Censored		2.93		0

		0.5037072985		0.9642628729		Complete		6.01		1		8.5258858086		72		Censored		6.01		1

		0.509875928		0.4864485032		Complete		6.01		1		4.1184597597		73		Censored		4.12		0

		0.8488602109		0.3186739807		Complete		6.62		1		3.0686159502		74		Censored		3.07		0

		0.9517949549		0.3341748761		Complete		7.00		1		3.1718064608		75		Censored		3.17		0

		0.5328600983		0.9367762992		Complete		6.05		1		7.8678297581		76		Censored		6.05		1

		0.7150899442		0.362088868		Complete		6.34		1		3.3530858577		77		Censored		3.35		0

		0.7241527506		0.3675191196		Complete		6.36		1		3.3877650359		78		Censored		3.39		0

		0.5730158211		0.4910874849		Complete		6.11		1		4.1463786695		79		Censored		4.15		0

		0.5907043385		0.5600968453		Complete		6.14		1		4.5629154176		80		Censored		4.56		0

		0.5908816602		0.6832645104		Complete		6.14		1		5.3444331222		81		Censored		5.34		0

		0.5937261353		0.6361636829		Complete		6.14		1		5.0357354614		82		Censored		5.04		0

		0.5938684804		0.6478158874		Complete		6.14		1		5.110633135		83		Censored		5.11		0

		0.8192496334		0.4185184999		Complete		6.55		1		3.7063560721		84		Censored		3.71		0

		0.6955605963		0.4381380099		Complete		6.31		1		3.8263398591		85		Censored		3.83		0

		0.6573027698		0.5895885139		Complete		6.24		1		4.7435678646		86		Censored		4.74		0

		0.6679913218		0.8319905973		Complete		6.26		1		6.5089471539		87		Censored		6.26		1

		0.6763389084		0.8739478933		Complete		6.27		1		6.9486081031		88		Censored		6.27		1

		0.6979675336		0.8427699054		Complete		6.31		1		6.6141773956		89		Censored		6.31		1

		0.7004352519		0.9502086759		Complete		6.32		1		8.1525127632		90		Censored		6.32		1

		0.7997403166		0.5155021746		Complete		6.50		1		4.2932831364		91		Censored		4.29		0

		0.8920764899		0.5577033074		Complete		6.74		1		4.548357133		92		Censored		4.55		0

		0.76188764		0.8666894944		Complete		6.43		1		6.8661063927		93		Censored		6.43		1

		0.7891071541		0.9357518933		Complete		6.48		1		7.8481409749		94		Censored		6.48		1

		0.906573395		0.6330748874		Complete		6.79		1		5.0160200865		95		Censored		5.02		0

		0.8777156154		0.6743581019		Complete		6.70		1		5.2847506489		96		Censored		5.28		0

		0.8387112333		0.6935092597		Complete		6.59		1		5.4139732518		97		Censored		5.41		0

		0.9524237849		0.737741259		Complete		7.00		1		5.7273535874		98		Censored		5.73		0

		0.8810839899		0.9502701606		Complete		6.71		1		8.1539490196		99		Censored		6.71		1

		0.995928538		0.7864320853		Complete		7.59		1		6.1058457234		100		Censored		6.11		0
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		0.0026341545		0.8061612807		79,594		79,594		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				85,174.32		0.0%				1		4.33		1		4.33		1		34		5.59		1		2.98		0		67		5.92		1		4.52		0

		0.0383579346		0.7087730327		89,983		89,983		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				93,523.01		0.0%				2		4.94		1		4.94		1		35		8.03		1		1.44		0		68		5.92		1		3.57		0

		0.0432567081		0.9682477607		93,199		93,199		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				96,627.35		0.0%				3		4.97		1		4.97		1		36		5.63		1		3.04		0		69		5.93		1		5.02		0

		0.052250061		0.9711307172		94,262		94,262		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				97,509.28		0.0%				4		5.03		1		5.03		1		37		5.63		1		4.67		0		70		5.98		1		5.56		0

		0.2479688412		0.0558040305		97,464		6,651		Complete		5.59		1		0.381583847		5		Censored		0.38		0				98,826.11		0.0%				5		5.59		1		0.38		0		38		5.64		1		3.53		0		71		6.41		1		2.93		0

		0.0966336186		0.5724782837		94,315		83,817		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				96,916.80		0.0%				6		5.22		1		4.64		0		39		5.68		1		5.68		1		72		6.01		1		6.01		1

		0.0984156564		0.8614269632		96,235		96,235		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				98,815.94		0.0%				7		5.23		1		5.23		1		40		5.68		1		1.79		0		73		6.01		1		4.12		0

		0.0991991864		0.0689428689		91,142		11,141		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				93,714.65		0.0%				8		5.23		1		0.64		0		41		5.68		1		5.68		1		74		6.62		1		3.07		0

		0.2088069369		0.0458040305		95,872		2,630		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				97,493.05		0.0%				9		5.51		1		0.15		0		42		6.49		1		1.77		0		75		7.00		1		3.17		0

		0.1295057064		0.2751647933		94,615		49,177		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				96,872.64		0.0%				10		5.32		1		2.77		0		43		6.13		1		1.78		0		76		6.05		1		6.05		1

		0.1311472193		0.4239533009		95,510		67,045		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				97,751.76		0.0%				11		5.33		1		3.74		0		44		5.70		1		2.45		0		77		6.34		1		3.35		0

		0.1315987415		0.5003770603		95,918		75,642		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				98,155.87		0.0%				12		5.33		1		4.20		0		45		6.64		1		1.83		0		78		6.36		1		3.39		0

		0.1824698038		0.0533910159		94,990		5,731		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				96,801.61		0.0%				13		5.46		1		0.33		0		46		5.72		1		2.57		0		79		6.11		1		4.15		0

		0.1403234428		0.3697783048		95,683		60,816		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				97,841.09		0.0%				14		5.35		1		3.40		0		47		5.73		1		5.73		1		80		6.14		1		4.56		0

		0.1427021326		0.3522410597		95,704		58,750		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				97,840.78		0.0%				15		5.36		1		3.29		0		48		6.51		1		1.97		0		81		6.14		1		5.34		0

		0.6578144178		0.0592884886		109,269		7,948		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				110,081.72		0.0%				16		6.24		1		0.45		0		49		5.75		1		4.80		0		82		6.14		1		5.04		0

		0.1602259587		0.1650360762		95,322		32,853		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				97,309.00		0.0%				17		5.40		1		1.86		0		50		5.76		1		5.76		1		83		6.14		1		5.11		0

		0.1625754384		0.792563116		99,004		99,004		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				100,972.13		0.0%				18		5.41		1		5.41		1		51		5.77		1		5.77		1		84		6.55		1		3.71		0

		0.1651698985		0.7335276766		98,734		98,734		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				100,680.85		0.0%				19		5.42		1		5.42		1		52		5.84		1		2.09		0		85		6.31		1		3.83		0

		0.1658913703		0.315217999		96,556		54,275		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				98,497.12		0.0%				20		5.42		1		3.05		0		53		5.79		1		2.85		0		86		6.24		1		4.74		0

		0.1679978382		0.5521950264		97,872		81,487		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				99,795.87		0.0%				21		5.42		1		4.51		0		54		7.04		1		2.18		0		87		6.26		1		6.26		1

		0.7831453081		0.0750565966		113,577		13,098		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				115,142.34		0.0%				22		6.47		1		0.75		0		55		5.82		1		4.30		0		88		6.27		1		6.27		1

		0.4208001519		0.0773423656		102,995		13,739		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				103,394.99		0.0%				23		5.88		1		0.78		0		56		5.83		1		4.92		0		89		6.31		1		6.31		1

		0.1838582998		0.2846845032		97,134		50,429		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				98,935.36		0.0%				24		5.46		1		2.83		0		57		5.84		1		4.55		0		90		6.32		1		6.32		1

		0.2045291682		0.0819892463		96,300		15,039		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				97,951.51		0.0%				25		5.50		1		0.86		0		58		6.22		1		2.38		0		91		6.50		1		4.29		0

		0.1933609081		0.0870180128		95,933		16,411		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				97,664.22		0.0%				26		5.48		1		0.94		0		59		6.19		1		2.43		0		92		6.74		1		4.55		0

		0.1983134911		0.7514802656		100,204		100,204		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				101,898.90		0.0%				27		5.49		1		5.49		1		60		5.86		1		3.25		0		93		6.43		1		6.43		1

		0.7673391849		0.091452929		113,221		17,648		Complete		6.44		1		1.003533522		28		Censored		1.00		0				114,681.71		0.0%				28		6.44		1		1.00		0		61		6.36		1		2.46		0		94		6.48		1		6.48		1

		0.2119174016		0.8235691112		101,220		101,220		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				102,819.99		0.0%				29		5.52		1		5.52		1		62		5.88		1		5.88		1		95		6.79		1		5.02		0

		0.8371792225		0.1031776647		116,088		20,563		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				118,054.21		0.0%				30		6.59		1		1.17		0		63		6.11		1		2.58		0		96		6.70		1		5.28		0

		0.2312629608		0.2243434077		98,550		42,222		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				100,019.48		0.0%				31		5.56		1		2.38		0		64		6.78		1		2.66		0		97		6.59		1		5.41		0

		0.4032351149		0.1112859498		102,915		22,378		Complete		5.85		1		1.272677458		32		Censored		1.27		0				103,404.72		0.0%				32		5.85		1		1.27		0		65		6.46		1		2.66		0		98		7.00		1		5.73		0

		0.2380384048		0.5108234047		100,358		76,814		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				101,783.15		0.0%				33		5.57		1		4.27		0		66		6.28		1		2.67		0		99		6.71		1		6.71		1

		0.2486035223		0.3049067128		99,647		53,010		Complete		5.59		1		2.9751844852		34		Censored		2.98		0				101,005.08		0.0%																								100		7.59		1		6.11		0

		0.9996414779		0.1252851226		142,238		25,552		Complete		8.03		1		1.4424830232		35		Censored		1.44		0				149,004.19		100.0%

		0.2686115362		0.3145221478		100,370		54,209		Complete		5.63		1		3.0406261223		36		Censored		3.04		0				101,604.10		0.0%

		0.2693354392		0.5770690172		101,749		84,320		Complete		5.63		1		4.6665622204		37		Censored		4.67		0				102,978.35		0.0%

		0.2734424279		0.3899951898		100,935		63,183		Complete		5.64		1		3.5296042281		38		Censored		3.53		0				102,139.91		0.0%

		0.2973380416		0.7644433465		103,695		103,695		Complete		5.68		1		5.9296051426		39		Censored		5.68		1				104,759.10		0.0%

		0.29792175		0.1580772696		100,267		31,664		Complete		5.68		1		1.7942603672		40		Censored		1.79		0				101,327.81		0.0%

		0.2979323201		0.9367788558		105,329		105,329		Complete		5.68		1		7.8678792037		41		Censored		5.68		1				106,389.43		0.0%

		0.7942746452		0.1560931961		114,849		31,388		Complete		6.49		1		1.7744521125		42		Censored		1.77		0				116,491.91		0.0%

		0.5830813541		0.1564810859		108,248		31,424		Complete		6.13		1		1.7783376337		43		Censored		1.78		0				108,667.17		0.0%

		0.307784436		0.2329434243		101,119		43,472		Complete		5.70		1		2.4499494986		44		Censored		2.45		0				102,122.79		0.0%

		0.8560684148		0.161674476		117,503		32,391		Complete		6.64		1		1.8297617919		45		Censored		1.83		0				119,628.91		0.0%

		0.3174170031		0.2487531801		101,514		45,682		Complete		5.72		1		2.5717955156		46		Censored		2.57		0				102,463.74		0.0%

		0.3248676455		0.8618161083		105,272		105,272		Complete		5.73		1		6.8124361904		47		Censored		5.73		1				106,180.69		0.0%

		0.8020734106		0.1759610582		115,308		34,824		Complete		6.51		1		1.965918039		48		Censored		1.97		0				117,006.11		0.0%

		0.3407459475		0.5985396839		104,067		86,798		Complete		5.75		1		4.7989657313		49		Censored		4.80		0				104,887.37		0.0%

		0.3459457898		0.8887390035		106,160		106,160		Complete		5.76		1		7.1276384174		50		Censored		5.76		1				106,952.35		0.0%

		0.3478618705		0.7672289642		105,236		105,236		Complete		5.77		1		5.9514036927		51		Censored		5.77		1				106,017.83		0.0%

		0.3971791116		0.1899605292		103,429		37,040		Complete		5.84		1		2.0926997834		52		Censored		2.09		0				103,950.15		0.0%

		0.3601126076		0.2870842671		103,008		50,771		Complete		5.79		1		2.8513849825		53		Censored		2.85		0				103,724.37		0.0%

		0.9581508961		0.2003375904		124,999		38,773		Complete		7.04		1		2.1830015982		54		Censored		2.18		0				128,458.30		8.3%

		0.3827867473		0.5173823768		104,867		77,547		Complete		5.82		1		4.304603886		55		Censored		4.30		0				105,463.27		0.0%

		0.3889854336		0.6177954383		105,554		89,053		Complete		5.83		1		4.9192701692		56		Censored		4.92		0				106,118.11		0.0%

		0.3933308937		0.5582372896		105,370		82,157		Complete		5.84		1		4.5516038586		57		Censored		4.55		0				105,911.30		0.0%

		0.6406415017		0.2239481701		110,372		42,234		Complete		6.22		1		2.3785756563		58		Censored		2.38		0				111,092.37		0.0%

		0.6223291036		0.2301390684		109,889		43,122		Complete		6.19		1		2.4278665567		59		Censored		2.43		0				110,511.75		0.0%

		0.408055367		0.3458221678		104,695		58,026		Complete		5.86		1		3.2481010456		60		Censored		3.25		0				105,160.31		0.0%

		0.7278677679		0.2341518561		113,098		43,709		Complete		6.36		1		2.4594197146		61		Censored		2.46		0				114,311.14		0.0%

		0.4186970722		0.9187234916		108,577		108,577		Complete		5.88		1		7.5516874436		62		Censored		5.88		1				108,987.07		0.0%

		0.5705642668		0.2502319355		108,573		45,924		Complete		6.11		1		2.5829758563		63		Censored		2.58		0				108,928.46		0.0%

		0.9033513698		0.2601337373		120,764		47,321		Complete		6.78		1		2.6569604274		64		Censored		2.66		0				123,365.48		0.0%

		0.7758877611		0.2606180713		114,908		47,361		Complete		6.46		1		2.6605413798		65		Censored		2.66		0				116,424.36		0.0%

		0.6818055207		0.2613796708		111,828		47,449		Complete		6.28		1		2.6661653929		66		Censored		2.67		0				112,773.05		0.0%

		0.4466039452		0.5531131344		106,817		81,572		Complete		5.92		1		4.5204735448		67		Censored		4.52		0				107,085.69		0.0%

		0.4501227716		0.3959228504		106,118		63,881		Complete		5.92		1		3.5666048839		68		Censored		3.57		0				106,369.08		0.0%

		0.4551387497		0.6344799347		107,470		91,032		Complete		5.93		1		5.0249814113		69		Censored		5.02		0				107,695.83		0.0%

		0.4833880625		0.7139968076		108,680		101,063		Complete		5.98		1		5.5562377548		70		Censored		5.56		0				108,763.66		0.0%

		0.7532083692		0.298596417		114,337		52,288		Complete		6.41		1		2.9317400331		71		Censored		2.93		0				115,706.26		0.0%

		0.5037072985		0.9642628729		111,705		111,705		Complete		6.01		1		8.5258858086		72		Censored		6.01		1				111,723.85		0.0%

		0.509875928		0.4864485032		108,199		74,086		Complete		6.01		1		4.1184597597		73		Censored		4.12		0				108,248.95		0.0%

		0.8488602109		0.3186739807		118,198		54,798		Complete		6.62		1		3.0686159502		74		Censored		3.07		0				120,261.11		0.0%

		0.9517949549		0.3341748761		125,098		56,704		Complete		7.00		1		3.1718064608		75		Censored		3.17		0				128,423.33		7.9%

		0.5328600983		0.9367762992		111,947		111,947		Complete		6.05		1		7.8678297581		76		Censored		6.05		1				112,112.03		0.0%

		0.7150899442		0.362088868		113,432		59,982		Complete		6.34		1		3.3530858577		77		Censored		3.35		0				114,568.69		0.0%

		0.7241527506		0.3675191196		113,752		60,619		Complete		6.36		1		3.3877650359		78		Censored		3.39		0				114,941.99		0.0%

		0.5730158211		0.4910874849		109,943		74,604		Complete		6.11		1		4.1463786695		79		Censored		4.15		0				110,311.25		0.0%

		0.5907043385		0.5600968453		110,779		82,357		Complete		6.14		1		4.5629154176		80		Censored		4.56		0				111,238.20		0.0%

		0.5908816602		0.6832645104		111,436		97,030		Complete		6.14		1		5.3444331222		81		Censored		5.34		0				111,895.31		0.0%

		0.5937261353		0.6361636829		111,258		91,214		Complete		6.14		1		5.0357354614		82		Censored		5.04		0				111,731.85		0.0%

		0.5938684804		0.6478158874		111,324		92,623		Complete		6.14		1		5.110633135		83		Censored		5.11		0				111,798.96		0.0%

		0.8192496334		0.4185184999		117,444		66,482		Complete		6.55		1		3.7063560721		84		Censored		3.71		0				119,268.75		0.0%

		0.6955605963		0.4381380099		113,215		68,685		Complete		6.31		1		3.8263398591		85		Censored		3.83		0				114,238.05		0.0%

		0.6573027698		0.5895885139		112,828		85,728		Complete		6.24		1		4.7435678646		86		Censored		4.74		0				113,638.42		0.0%

		0.6679913218		0.8319905973		114,615		114,615		Complete		6.26		1		6.5089471539		87		Censored		6.26		1				115,484.10		0.0%

		0.6763389084		0.8739478933		115,231		115,231		Complete		6.27		1		6.9486081031		88		Censored		6.27		1				116,146.32		0.0%

		0.6979675336		0.8427699054		115,612		115,612		Complete		6.31		1		6.6141773956		89		Censored		6.31		1				116,649.43		0.0%

		0.7004352519		0.9502086759		116,971		116,971		Complete		6.32		1		8.1525127632		90		Censored		6.32		1				118,022.12		0.0%

		0.7997403166		0.5155021746		117,157		77,330		Complete		6.50		1		4.2932831364		91		Censored		4.29		0				118,838.62		0.0%

		0.8920764899		0.5577033074		121,657		82,066		Complete		6.74		1		4.548357133		92		Censored		4.55		0				124,132.18		0.0%

		0.76188764		0.8666894944		117,916		117,916		Complete		6.43		1		6.8661063927		93		Censored		6.43		1				119,340.32		0.0%

		0.7891071541		0.9357518933		119,716		119,716		Complete		6.48		1		7.8481409749		94		Censored		6.48		1				121,322.70		0.0%

		0.906573395		0.6330748874		122,935		90,791		Complete		6.79		1		5.0160200865		95		Censored		5.02		0				125,575.32		0.0%

		0.8777156154		0.6743581019		121,471		95,839		Complete		6.70		1		5.2847506489		96		Censored		5.28		0				123,798.59		0.0%

		0.8387112333		0.6935092597		119,695		98,282		Complete		6.59		1		5.4139732518		97		Censored		5.41		0				121,673.08		0.0%

		0.9524237849		0.737741259		127,296		104,134		Complete		7.00		1		5.7273535874		98		Censored		5.73		0				130,633.73		56.8%

		0.8810839899		0.9502701606		124,044		124,044		Complete		6.71		1		8.1539490196		99		Censored		6.71		1				126,404.37		0.2%

		0.995928538		0.7864320853		138,166		111,183		Complete		7.59		1		6.1058457234		100		Censored		6.11		0				143,458.10		100.0%
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E->W

		Program		Energy (kJ)		Wear (mm)		CI		y+CI		y-CI		PI		y+PI		y-PI				Regression Parameters

		2010 CD338		79594.0		4.33		0.13		4.56		4.31		0.43		4.86		4.01		1.00		Slope, m		m		0.000

		2010 S197		89982.9		4.94		0.08		5.10		4.93		0.42		5.43		4.59		1.00		Intercept, b		b		0.019

		2010 D472		93199.2		4.97		0.07		5.26		5.12		0.42		5.61		4.77		1.00		Observations, n		n		96

		2010 D258		94262.4		5.03		0.07		5.32		5.18		0.42		5.66		4.83		1.00		Std error, Syx		SYX		0.10

		2011 P473		97464.3		5.59		0.06		5.48		5.37		0.41		5.84		5.01		1.00		Average x		XAVG		106775.39

		2011 B299N		94314.9		5.22		0.07		5.32		5.18		0.42		5.67		4.84		1.00		SSX		SSX		8891025267.29

		2011 U38x		96234.7		5.23		0.06		5.42		5.30		0.42		5.77		4.94		1.00		t(a,df)		t		4.06

		2011 S197 V6		91142.4		5.23		0.08		5.16		5.00		0.42		5.49		4.66		1.00

		2011 S197 V8		95871.9		5.51		0.06		5.40		5.27		0.42		5.75		4.92		1.00

		2011 C344 G		94615.2		5.32		0.07		5.34		5.20		0.42		5.68		4.85		1.00

		2011 C344 C		95509.8		5.33		0.06		5.38		5.25		0.42		5.73		4.90		1.00

		2011 U502		95918.1		5.33		0.06		5.40		5.28		0.42		5.76		4.92		1.00

		2011 C346E		94989.6		5.46		0.07		5.35		5.22		0.42		5.70		4.87		1.00

		2011 C346N		95683.4		5.35		0.06		5.39		5.26		0.42		5.74		4.91		1.00

		2011 P415		95704.3		5.36		0.06		5.39		5.26		0.42		5.74		4.91		1.00

		2011 P375		109268.7		6.24		0.04		6.12		6.04		0.41		6.49		5.67		1.00

		2012 C520		95321.9		5.40		0.07		5.37		5.24		0.42		5.72		4.89		1.00

		2013 D258		99004.3		5.41		0.05		5.57		5.46		0.41		5.93		5.10		1.00

		2012 B515		98734.0		5.42		0.05		5.55		5.44		0.41		5.91		5.08		1.00

		2013 CD391N		96556.1		5.42		0.06		5.44		5.31		0.42		5.79		4.96		1.00

		2013 CD533N		97871.7		5.42		0.06		5.51		5.39		0.41		5.86		5.03		1.00

		2015 U502		113576.6		6.47		0.05		6.37		6.27		0.41		6.73		5.91		1.00

		2015 S550 Coupe		102995.3		5.88		0.05		5.78		5.69		0.41		6.15		5.32		1.00

		2015 S550 Convertible 		97133.8		5.46		0.06		5.47		5.35		0.41		5.82		4.99		1.00

		2015 P552 RC		96300.4		5.50		0.06		5.42		5.30		0.42		5.78		4.95		1.00

		2015 P552 CC 		95933.1		5.48		0.06		5.40		5.28		0.42		5.76		4.93		1.00

		2015 CD539E		100203.6		5.49		0.05		5.63		5.53		0.41		5.99		5.16		1.00

		2015 CD390		113221.5		6.44		0.05		6.35		6.25		0.41		6.71		5.89		1.00

		2015 CD539N		101220.4		5.52		0.05		5.68		5.59		0.41		6.05		5.22		1.00

		2015 CD539C		116088.3		6.59		0.06		6.52		6.40		0.41		6.87		6.04		1.00

		2015 U540		98550.1		5.56		0.06		5.54		5.43		0.41		5.90		5.07		1.00

		2015 U540 China		102914.8		5.85		0.05		5.77		5.68		0.41		6.14		5.32		1.00

		2014.5 B460		100357.9		5.57		0.05		5.64		5.54		0.41		6.00		5.17		1.00

		2014 C489 (2.0L)		99647.3		5.59		0.05		5.60		5.49		0.41		5.96		5.13		1.00

		2015 U/P375		142238.2		8.03		0.16		8.07		7.75		0.44		8.35		7.47		1.00

		2015 C490		100370.1		5.63		0.05		5.64		5.54		0.41		6.00		5.17		1.00

		2015 U222		101748.7		5.63		0.05		5.71		5.62		0.41		6.08		5.25		1.00

		2015 U228		100935.0		5.64		0.05		5.67		5.57		0.41		6.03		5.21		1.00

		2015 C346 MCA (FoE Launch - SLS)		103695.0		5.68		0.04		5.82		5.73		0.41		6.18		5.36		1.00

		2015 C346 MCA (FNA Launch)		100267.0		5.68		0.05		5.63		5.53		0.41		6.00		5.17		1.00

		2015.5 C346 MCA (China Launch)		105328.7		5.68		0.04		5.90		5.82		0.41		6.28		5.45		1.00

		2016 D568C 		114849.2		6.49		0.05		6.45		6.34		0.41		6.80		5.98		1.00

		2016 D544		108247.6		6.13		0.04		6.07		5.98		0.41		6.44		5.61		1.00

		2016 D544C		101118.5		5.70		0.05		5.68		5.58		0.41		6.04		5.22		1.00

		2016 C520 MCA (LAP)		117503.3		6.64		0.06		6.60		6.47		0.42		6.95		6.12		1.00

		C520 MCA China Launch (CAF)		101513.9		5.72		0.05		5.70		5.60		0.41		6.06		5.24		1.00

		C520 MCA FoE Launch		105272.4		5.73		0.04		5.90		5.82		0.41		6.27		5.45		1.00

		2017 P558 (KTP)		115308.0		6.51		0.06		6.47		6.36		0.41		6.83		6.00		1.00

		2017 P558 (OHAP)		104066.5		5.75		0.04		5.84		5.75		0.41		6.21		5.38		1.00

		2013.25 V408 LWBN (Lead)		106159.8		5.76		0.04		5.95		5.87		0.41		6.32		5.50		1.00

		2013 B299 MCA Base FoE		105235.6		5.77		0.04		5.90		5.81		0.41		6.27		5.44		1.00

		2016.75 B515 MCA Wave 1 (FSAO Camacari)		103428.8		5.84		0.04		5.80		5.71		0.41		6.17		5.34		1.00

		2016.75 B515 MCA Wave 2 (FTM / FNA Launch)		103008.0		5.79		0.05		5.78		5.69		0.41		6.15		5.32		1.00

		2016.75 B515 MCA (CAF Launch)		124999.1		7.04		0.09		7.04		6.86		0.42		7.37		6.53		1.00

		2016.75 B515 MCA (India / EU Launch)		104866.9		5.82		0.04		5.88		5.79		0.41		6.25		5.42		1.00

		2016.75 B515 MCA (Russia Launch)		105554.2		5.83		0.04		5.92		5.83		0.41		6.29		5.46		1.00

		2017 V36X Panther ICA (V36s Pascar)		105370.0		5.84		0.04		5.91		5.82		0.41		6.28		5.45		1.00

		2017 V36X Panther (Wave 2 Launch)		110372.0		6.22		0.04		6.19		6.10		0.41		6.56		5.73		1.00

		2017 V36X Panther (Wave 3 Launch)		109888.5		6.19		0.04		6.16		6.07		0.41		6.53		5.70		1.00

		2017 CD391 N/C MCA		104695.2		5.86		0.04		5.87		5.78		0.41		6.24		5.41		1.00

		2017 CD533 N/C MCA		113098.4		6.36		0.05		6.34		6.24		0.41		6.71		5.88		1.00

		2018.5 C519 C2 (5d FoE)		108576.6		5.88		0.04		6.09		6.00		0.41		6.46		5.63		1.00

		2018.5 C519 C2 (4d)		108572.8		6.11		0.04		6.08		6.00		0.41		6.46		5.63		1.00

		2018.5 C519 C2 (Wagon)		120763.7		6.78		0.07		6.79		6.64		0.42		7.14		6.30		1.00

		2019 C484		114907.604664666		6.4550270471		0.05		6.45		6.34		0.41		6.81		5.98		1.00

		2019 C482		111827.543716306		6.283652179		0.05		6.27		6.18		0.41		6.64		5.81		1.00

		2019 C483		106817.202275573		5.9194522771		0.04		5.99		5.90		0.41		6.36		5.53		1.00

		2017.5 B479 Wave 1a (FoE)		106118.378091188		5.9247892975		0.04		5.95		5.86		0.41		6.32		5.49		1.00

		2017.5 B479 Wave 1b (FNA/ASEAN)		107470.448443858		5.9323868852		0.04		6.02		5.94		0.41		6.39		5.57		1.00

		2017.5 B479 Wave 2 (China)		108680.356607675		5.9750088044		0.04		6.09		6.01		0.41		6.46		5.64		1.00

		2017.5 B479 Wave 2 (SA)		114337.020931929		6.4107724577		0.05		6.42		6.31		0.41		6.78		5.95		1.00

		2018 U553 SWB		111705.268731894		6.0055757717		0.05		6.26		6.17		0.41		6.63		5.80		1.00

		2018 U553 LWB		108199.43414107		6.0148546856		0.04		6.06		5.98		0.41		6.43		5.61		1.00

		2018 U554 (SWB)		118197.998203511		6.6189343469		0.07		6.64		6.51		0.42		6.99		6.16		1.00

		2018 U554 (LWB)		125098.305375028		6.9975074069		0.09		7.05		6.87		0.42		7.38		6.54		1.00

		2015 B562 SA (5 Dr)		111947.108037352		6.0494768466		0.05		6.28		6.18		0.41		6.64		5.82		1.00

		2015 B562 India (4 Dr)		113432.055866075		6.3409898695		0.05		6.36		6.26		0.41		6.73		5.90		1.00

		2015.25 B299 Russia		113751.544624684		6.3571337275		0.05		6.38		6.28		0.41		6.74		5.92		1.00

		2018 H62X 2.5M Cab (Ph 1) FoE / FO Launch		109943.136408433		6.1104344917		0.04		6.16		6.07		0.41		6.53		5.71		1.00

		2018 H62X 2.3M Cab (Ph. 1) FoE / FO Launch		110779.486941318		6.1376143015		0.05		6.21		6.12		0.41		6.58		5.75		1.00

		2018 H62X 2.5M/2.3M Cab FSAO Launch		111435.680267974		6.1378881111		0.05		6.25		6.15		0.41		6.61		5.79		1.00

		2018 H62X 2.0M Cab FSAO Launch		111257.564515596		6.1422843499		0.05		6.24		6.14		0.41		6.60		5.78		1.00

		2018 S550 MCA (FNA Only is PMM)		111323.942812335		6.1425045481		0.05		6.24		6.15		0.41		6.61		5.78		1.00

		2018 P552 MCA		117443.729329824		6.547505515		0.06		6.60		6.47		0.42		6.95		6.12		1.00

		2018.5 P552 Diesel		113214.70158361		6.3070047241		0.05		6.35		6.25		0.41		6.71		5.89		1.00

		2018 V362 MCA		112828.193485031		6.2430677925		0.05		6.33		6.23		0.41		6.69		5.86		1.00

		2016.5 B562E (PMM at PSC)		114615.354666628		6.2606240021		0.05		6.43		6.32		0.41		6.79		5.96		1.00

		2018 B500		115231.349234822		6.274491249		0.06		6.47		6.36		0.41		6.83		6.00		1.00

		2016 CD539X (PMM at PTC)		115612.303934558		6.3111383021		0.06		6.49		6.38		0.41		6.85		6.02		1.00

		2017.5 B562 MCA		116970.810376564		6.3153916523		0.06		6.57		6.45		0.42		6.92		6.09		1.00

		2018.5 V408 MCA		117157.231455794		6.5044164172		0.06		6.58		6.46		0.42		6.93		6.10		1.00

		2018 T6 ICA (AAT, Thailand)		121656.884014062		6.7425881335		0.08		6.85		6.69		0.42		7.19		6.35		1.00

		2019 V363 MCA / V36X Platform ICA2 W1 (EU Launch )		117915.542663795		6.4274326298		0.06		6.62		6.50		0.42		6.98		6.14		1.00

		2019 V363 MCA / V36X Platform ICA2 W1 (NA Launch )		119716.050280116		6.4819962667		0.07		6.73		6.59		0.42		7.08		6.24		1.00

		2016 V362C SWB Tourneo		122935.428292984		6.7919673086		0.08		6.92		6.76		0.42		7.26		6.42		1.00

		2016 V362C SWB Kombi		121471.301905833		6.698185724		0.08		6.83		6.68		0.42		7.18		6.34		1.00
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79594.018382405222	89982.876858326112	93199.185389144855	94262.44294724951	97464.316277453385	94314.851571709733	96234.679949281941	91142.39594305736	95871.915969676484	94615.17473214661	95509.786591349824	95918.141882173542	94989.622010988271	95683.351964542468	95704.262240915457	109268.71126273638	95321.942866765152	99004.270560357603	98733.994098456009	96556.057304778587	97871.65856246998	113576.62345939915	102995.29842554583	97133.843323742811	96300.410034291563	95933.063384703026	100203.57548306709	113221.48924238393	101220.41672914181	116088.34943768823	98550.093382955325	102914.7570106409	100357.89922687154	99647.299581144616	142238.22977274892	100370.06429096358	101748.70135281955	100935.04271218211	103694.95930036198	100267.03522984407	105328.7136239446	114849.21850778107	108247.60097099678	101118.50992917994	117503.26743256806	101513.87557433262	105272.42659480294	115308.01069905885	104066.51401574095	106159.7736505198	105235.62922054531	103428.83760957564	103008.04975844902	124999.06294204533	104866.93499652461	105554.17712206574	105370.0049977593	110372.02587159681	109888.54108293015	104695.2091594949	113098.38760138424	108576.61254625289	108572.83788134107	120763.70938255833	114907.60466466589	111827.54371630613	106817.20227557326	106118.3780911879	107470.4484438576	108680.35660767522	114337.02093192945	111705.26873189423	108199.43414106974	118197.99820351061	125098.30537502795	111947.10803735162	113432.05586607486	113751.54462468371	109943.13640843338	110779.48694131791	111435.68026797402	111257.56451559644	111323.94281233507	117443.72932982387	113214.70158360965	112828.19348503088	114615.35466662759	115231.34923482197	115612.3039345585	116970.81037656359	117157.23145579379	121656.88401406228	117915.54266379477	119716.0502801157	122935.42829298448	121471.30190583314	4.3259080211436576	4.9379594004280065	4.9715499803174223	5.0259493196846279	5.5914627632390195	5.2194153946034261	5.2256207974474984	5.2283231641831964	5.5136592772189488	5.3227615207521009	5.3274092696401132	5.3286806434509995	5.4564042568850857	5.3526796167472206	5.3590453553932695	6.2439033427142618	5.4038822209640704	5.4096431529882691	5.4159421959759984	5.4176824357064044	5.4227355826887269	6.4697159440459355	5.8800918474339756	5.4595447447416898	5.5046688665651953	5.4806534095964956	5.4914036050187702	6.4380672948539575	5.5201284076092874	6.5897584102218731	5.5591836456914319	5.853010692348569	5.5724240035734613	5.5926655098217273	8.0297866992634717	5.6297893993912931	5.6311055279164846	5.638539214190871	5.6807567600842148	5.6817676809545024	5.6817859789352809	6.4928060230033502	6.125869607	9380277	5.6987158526121409	6.6376925521850554	5.7150395913694103	5.7275220242314324	6.5094303148086743	5.7537431059080397	5.7622263871867183	5.7653403412924309	5.8436067290792302	5.785105311466137	7.0377719413082449	5.8210980606424148	5.8308214063545964	5.8376112101277933	6.2161044161845993	6.1869621640215442	5.8604699048956013	6.3638261762534158	5.8768633153639973	6.1066865556165038	6.7805319829490385	6.4550270471186382	6.2836521790119821	5.9194522771251403	5.9247892974797489	5.9323868852471859	5.9750088043691498	6.4107724576511282	6.0055757717430884	6.014854685627423	6.6189343469470074	6.9975074069103078	6.0494768466057058	6.3409898695167373	6.3571337274869766	6.110434491695	6.1376143014804825	6.1378881110823551	6.142284349876765	6.1425045481393159	6.5475055149851489	6.3070047241310547	6.2430677924743616	6.2606240021313475	6.2744912490124163	6.3111383021247791	6.3153916522535507	6.5044164171539425	6.7425881335130544	6.4274326298095694	6.4819962667223745	6.7919673085668251	6.6981857239874252	y+CI	79594.018382405222	89982.876858326112	93199.185389144855	94262.44294724951	97464.316277453385	94314.851571709733	96234.679949281941	91142.39594305736	95871.915969676484	94615.17473214661	95509.786591349824	95918.141882173542	94989.622010988271	95683.351964542468	95704.262240915457	109268.71126273638	95321.942866765152	99004.270560357603	98733.994098456009	96556.057304778587	97871.65856246998	113576.62345939915	102995.29842554583	97133.843323742811	96300.410034291563	95933.063384703026	100203.57548306709	113221.48924238393	101220.41672914181	116088.34943768823	98550.093382955325	102914.7570106409	100357.89922687154	99647.299581144616	142238.22977274892	100370.06429096358	101748.70135281955	100935.04271218211	103694.95930036198	100267.03522984407	105328.7136239446	114849.21850778107	108247.60097099678	101118.50992917994	117503.26743256806	101513.87557433262	105272.42659480294	115308.01069905885	104066.51401574095	106159.7736505198	105235.62922054531	103428.83760957564	103008.04975844902	124999.06294204533	104866.93499652461	105554.17712206574	105370.0049977593	110372.02587159681	109888.54108293015	104695.2091594949	113098.38760138424	108576.61254625289	108572.83788134107	120763.70938255833	114907.60466466589	111827.54371630613	106817.20227557326	106118.3780911879	107470.4484438576	108680.35660767522	114337.02093192945	111705.26873189423	108199.43414106974	118197.99820351061	125098.30537502795	111947.10803735162	113432.05586607486	113751.54462468371	109943.13640843338	110779.48694131791	111435.68026797402	111257.56451559644	111323.94281233507	117443.72932982387	113214.70158360965	112828.19348503088	114615.35466662759	115231.34923482197	115612.3039345585	116970.81037656359	117157.23145579379	121656.88401406228	117915.54266379477	119716.0502801157	122935.42829298448	121471.30190583314	4.5602416504339187	5.0952700431547751	5.2618748096948034	5.3171326587840362	5.4843235087989468	5.3198592041627331	5.4199533827075808	5.1552516501014685	5.401005	0414111834	5.3354889825891254	5.3821070610191857	5.4034185912747406	5.3549901329252494	5.3911626084364039	5.3922538317928979	6.1241362908743424	5.372310764888006	5.5653037903812272	5.5510576224340964	5.4367551838703054	5.5057011678677377	6.3711363806219357	5.7778608159299454	5.4670005787607607	5.4233886021288553	5.4041977337225831	5.6287156683882431	6.3505591696482497	5.6827649595237846	6.5174708601681095	5.5413728634945905	5.7735222911903907	5.6369006687566721	5.5992613852705686	8.069785196802675	5.6375461397376876	5.7109628379668766	5.6675672511324935	5.8156511713890309	5.6320806948087796	5.9046578345151577	6.4451173389796628	6.0665956111941632	5.6773351717670835	6.600402167420933	5.6984182025972565	5.901572518079119	6.4718730663479862	5.8357967105895439	5.9503745316418692	5.8995562549203173	5.8012554318807981	5.7785479085219125	7.0432031883048296	5.8793865243578729	5.9170303193658844	5.9069220605562229	6.1867883669714621	6.1592749160580746	5.8700120042015715	6.3434339600222245	6.0850872222170471	6.0848748073993191	6.792448656222585	6.4485199721304207	6.2701236594161038	5.9867591921808074	5.9480900640333116	6.0231058442797876	6.0909276888227515	6.4152978767734075	6.2630955137646582	6.0638924170889448	6.6412245164973553	7.0490908653222588	6.2770005420620363	6.3627559919817562	6.3812832005463109	6.1623772611959691	6.2100432335760063	6.2476170087076239	6.2374035408581614	6.2412085504073618	6.5969066397339198	6.3501661921048687	6.3278090671616356	6.431495218264927	6.4673994881214698	6.4896409507775772	6.5691586974396472	6.5800929497235279	6.845231816882352	6.624620030644909	6.7306206179877517	6.920887834632941	6.8342596231470809	y-CI	79594.018382405222	89982.876858326112	93199.185389144855	94262.44294724951	97464.316277453385	94314.851571709733	96234.679949281941	91142.39594305736	95871.915969676484	94615.17473214661	95509.786591349824	95918.141882173542	94989.622010988271	95683.351964542468	95704.262240915457	109268.71126273638	95321.942866765152	99004.270560357603	98733.994098456009	96556.057304778587	97871.65856246998	113576.62345939915	102995.29842554583	97133.843323742811	96300.410034291563	95933.063384703026	100203.57548306709	113221.48924238393	101220.41672914181	116088.34943768823	98550.093382955325	102914.7570106409	100357.89922687154	99647.299581144616	142238.22977274892	100370.06429096358	101748.70135281955	100935.04271218211	103694.95930036198	100267.03522984407	105328.7136239446	114849.21850778107	108247.60097099678	101118.50992917994	117503.26743256806	101513.87557433262	105272.42659480294	115308.01069905885	104066.51401574095	106159.7736505198	105235.62922054531	103428.83760957564	103008.04975844902	124999.06294204533	104866.93499652461	105554.17712206574	105370.0049977593	110372.02587159681	109888.54108293015	104695.2	091594949	113098.38760138424	108576.61254625289	108572.83788134107	120763.70938255833	114907.60466466589	111827.54371630613	106817.20227557326	106118.3780911879	107470.4484438576	108680.35660767522	114337.02093192945	111705.26873189423	108199.43414106974	118197.99820351061	125098.30537502795	111947.10803735162	113432.05586607486	113751.54462468371	109943.13640843338	110779.48694131791	111435.68026797402	111257.56451559644	111323.94281233507	117443.72932982387	113214.70158360965	112828.19348503088	114615.35466662759	115231.34923482197	115612.3039345585	116970.81037656359	117157.23145579379	121656.88401406228	117915.54266379477	119716.0502801157	122935.42829298448	121471.30190583314	4.3091334443735763	4.9267192443504388	5.1169547282872871	5.1796622701796569	5.3677101263389728	5.1827503120833471	5.2956556118413758	4.9953829699841021	5.2743563251176315	5.2004405310289181	5.2530770846898882	5.2770714082928256	5.2224832374129795	5.2632781199825418	5.2645068321008264	6.0375612719975527	5.2420326557820935	5.4575833766144068	5.441843142623159	5.3145097108928709	5.3915259310260186	6.2685117434475881	5.6878195002389207	5.3483680255046711	5.2995129577240681	5.2779477639568988	5.5272309563419588	6.2496878267812086	5.5859972988645969	6.400846091420207	5.431124642126159	5.6832221849018634	5.5361677348283997	5.4949680160420984	7.7497863326006682	5.5368719429829758	5.6164110914194545	5.5695335746800856	5.7276545216446317	5.5309066076792028	5.8199082371353832	6.3357215730596446	5.9818126795891118	5.5801208180605411	6.4748958967873929	5.6029024769808622	5.8167486683606118	6.3598675296820426	5.7487319175049985	5.8663952776796107	5.8146823678843758	5.7125248192098441	5.6885471316336256	6.8637319907807868	5.7939465267368107	5.8325502838111012	5.8222251711520006	6.0973188023197311	6.0711909960476182	5.7842685554695255	6.2431552607344294	5.9998239636707273	5.9996175901913462	6.6445861353399644	6.3387967173507969	6.1754690599405926	5.9029504464471056	5.8640870261447526	5.9390795920149335	6.0054936045403169	6.3087141763034564	6.1689311451079449	5.9791719014071107	6.5111519436240721	6.868854978413256	6.1818574974158951	6.2608527702795422	6.2777719274955457	6.0741458464308504	6.1192705782949153	6.1544995796387303	6.1449516131969011	6.1485110861926673	6.4717858419276517	6.2493277329590917	6.2288028876601595	6.3233971681674452	6.3558357372831695	6.3758601111199695	6.447064776314372	6.4568134106283575	6.6908981504605904	6.4964187936200712	6.5901793867227916	6.7570929708260312	6.6812805390357051	y+PI	79594.018382405222	89982.876858326112	93199.185389144855	94262.44294724951	97464.316277453385	94314.851571709733	96234.679949281941	91142.39594305736	95871.915969676484	94615.17473214661	95509.786591349824	95918.141882173542	94989.622010988271	95683.351964542468	95704.262240915457	109268.71126273638	95321.942866765152	99004.270560357603	98733.994098456009	96556.057304778587	97871.65856246998	113576.62345939915	102995.29842554583	97133.843323742811	96300.410034291563	95933.063384703026	100203.57548306709	113221.48924238393	101220.41672914181	116088.34943768823	98550.093382955325	102914.7570106409	100357.89922687154	99647.299581144616	142238.22977274892	100370.06429096358	101748.70135281955	100935.04271218211	103694.95930036198	100267.03522984407	105328.7136239446	114849.21850778107	108247.60097099678	101118.50992917994	117503.26743256806	101513.87557433262	105272.42659480294	115308.01069905885	104066.51401574095	106159.7736505198	105235.62922054531	103428.83760957564	103008.04975844902	124999.06294204533	104866.93499652461	105554.17712206574	105370.0049977593	110372.02587159681	109888.54108293015	104695.2091594949	113098.38760138424	108576.61254625289	108572.83788134107	120763.70938255833	114907.60466466589	111827.54371630613	106817.20227557326	106118.3780911879	107470.4484438576	108680.35660767522	114337.02093192945	111705.26873189423	108199.43414106974	118197.99820351061	125098.30537502795	111947.10803735162	113432.05586607486	113751.54462468371	109943.13640843338	110779.48694131791	111435.68026797402	111257.56451559644	111323.94281233507	117443.72932982387	113214.70158360965	112828.19348503088	114615.35466662759	115231.34923482197	115612.3039345585	116970.81037656359	117157.23145579379	121656.88401406228	117915.54266379477	119716.0502801157	122935.42829298448	121471.30190583314	4.8640293597340749	5.4301281570532902	5.6063332460656037	5.6646847282350619	5.8407097512796371	5.6675622158330352	5.7730550758267007	5.493599580463127	5.7531088158722987	5.684053785857591	5.7332033608692683	5.7556501775190219	5.7046213787645312	5.7427431308831602	5.7438925255224067	6.4936978670601722	5.7228803287872436	5.9255347339863329	5.9106393607468712	5.7907306862880521	5.8631368361321314	6.7335915245860969	6.145874561809137	5.8225203898835209	5.7766698219350792	5.7564705374037128	5.991670479048846	6.7137831602321043	6.0477956355491829	6.8738522100110551	5.9005061928233511	6.1414207658564912	6.0001854317216008	5.9609864630944536	8.3504334440329284	6.0008566963765668	6.076973266451609	6.0320394810291029	6.1845770667061277	5.9951717966710909	6.2750374211337583	6.8046203944875501	6.436960242136756	6.0421687000566706	6.9529904760023893	6.0640020537345372	6.2719187916819266	6.8302455736871224	6.2051391480782314	6.3210999247428701	6.2698800813436364	6.1698536099281656	6.1465797149336936	7.3737330255621858	6.2494564931165044	6.2875308715948997	6.2773252964031636	6.5550569257666114	6.5281618279769118	6.2399459772011436	6.7069182477711768	6.4552364244293896	6.455026718319802	7.1356940853239905	6.8078809385078216	6.6360885472742988	6.3575611743567917	6.3188047752290712	6.3938101296952601	6.4610003082728502	6.776023635256764	6.6292775198865606	6.4342850519958894	6.9918807577549797	7.3793201625626947	6.6427492451859109	6.7255272662551029	6.7433502373237895	6.531198297958615	6.5777313275159717	6.614263174258685	6.6043450960309613	6.6080410908612688	6.9496586082583622	6.7134046201887712	6.6918529698098856	6.7915619453146761	6.8	259630925288244	6.8472467057148094	6.9231988246324772	6.9336278665638034	7.1858272117093529	6.9760665795167158	7.0769351075831306	7.2576522571893349	7.1754077339332651	y-PI	79594.018382405222	89982.876858326112	93199.185389144855	94262.44294724951	97464.316277453385	94314.851571709733	96234.679949281941	91142.39594305736	95871.915969676484	94615.17473214661	95509.786591349824	95918.141882173542	94989.622010988271	95683.351964542468	95704.262240915457	109268.71126273638	95321.942866765152	99004.2705603576	03	98733.994098456009	96556.057304778587	97871.65856246998	113576.62345939915	102995.29842554583	97133.843323742811	96300.410034291563	95933.063384703026	100203.57548306709	113221.48924238393	101220.41672914181	116088.34943768823	98550.093382955325	102914.7570106409	100357.89922687154	99647.299581144616	142238.22977274892	100370.06429096358	101748.70135281955	100935.04271218211	103694.95930036198	100267.03522984407	105328.7136239446	114849.21850778107	108247.60097099678	101118.50992917994	117503.26743256806	101513.87557433262	105272.42659480294	115308.01069905885	104066.51401574095	106159.7736505198	105235.62922054531	103428.83760957564	103008.04975844902	124999.06294204533	104866.93499652461	105554.17712206574	105370.0049977593	110372.02587159681	109888.54108293015	104695.2091594949	113098.38760138424	108576.61254625289	108572.83788134107	120763.70938255833	114907.60466466589	111827.54371630613	106817.20227557326	106118.3780911879	107470.4484438576	108680.35660767522	114337.02093192945	111705.26873189423	108199.43414106974	118197.99820351061	125098.30537502795	111947.10803735162	113432.05586607486	113751.54462468371	109943.13640843338	110779.48694131791	111435.68026797402	111257.56451559644	111323.94281233507	117443.72932982387	113214.70158360965	112828.19348503088	114615.35466662759	115231.34923482197	115612.3039345585	116970.81037656359	117157.23145579379	121656.88401406228	117915.54266379477	119716.0502801157	122935.42829298448	121471.30190583314	4.0053457350734201	4.5918611304519237	4.7724962919164868	4.8321102007286312	5.0113238838582825	4.835047300413045	4.9425539187222558	4.6570350396224436	4.9222525506565162	4.8518757277604525	4.9019807848398056	4.9248398220485443	4.8728519915736976	4.9116975975357855	4.9128681383713175	5.6679996958117229	4.8914630918828559	5.0973524330093012	5.0822614043103842	4.9605342084751243	5.0340902627616249	5.9060565994834269	5.319805754359729	4.9928482143819108	4.9462317379178442	4.925674960275769	5.16	4276145681356	5.886463836197354	5.2209666228391987	6.0444647415772614	5.0719913127973983	5.3153237102357629	5.172882971863471	5.1332429382182134	7.4691380853704139	5.1735613863440966	5.2504006629347222	5.2050613447834762	5.3587286263275349	5.1678155058168915	5.4495286505167826	5.9762185175517573	5.611448048646519	5.2152872897709539	6.1223075882059366	5.2373186258435815	5.4464023947578042	6.0014950223429064	5.3793894800163109	5.4956698845786098	5.4443585414610567	5.3439266411624766	5.3205153252218444	6.5332021535234306	5.4238765579781791	5.462049731582086	5.4518219353050599	5.7290502435245818	5.7023040841287811	5.4143345824699534	5.879670972985477	5.6296747614583849	5.6294656792708633	6.3013407062385589	5.979435750973396	5.8095041720823977	5.5321484642711214	5.493372314948993	5.568375306599461	5.6354209850902182	5.9479884178200999	5.8027491389860426	5.6087792665001661	6.1604957023664477	6.5386256811728201	5.8161087942920204	5.8980814960061956	5.9157048907180672	5.7053248096682045	5.7515824843549499	5.7878534140876692	5.7780100580241012	5.7816785457387603	6.1190338734032093	5.8860893048751892	5.8647589850119095	5.9633304411176962	5.997272132875815	6.0182543561827373	6.0930246491215421	6.103278493788082	6.3503027556335896	6.1449722447482644	6.2438648971274127	6.4203285482696373	6.3401324282495208	Energy (kJ)	



Wear (mm)	







Pr(w>6.5mm)

														16.67																e		0.0000494

				112,500.00								m		6.00				4.2												m		0.558543

												s		0.60				2.4								24				s		0.0689371										Censored Sample 				Prediction						Censored Sample 				Prediction						Censored Sample 				Prediction

		Rand (fail)		Rand (cens)		Milaege 
accum 
noise		Energy 0		Energy		Stratum		Fail		Cens Ind		Cens		Rank		Stratum		Wear		Cens Ind				Current 
Energy		Pr(w>6.5mm)								VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)		VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)		VIN		Wear (mm)		1=Comp 
0=Cens		Energy, 
kJ		Prob
(w>6.5mm)

		0.0026341545		0.8061612807		0.3437319443		79,594		79,594		Complete		4.33		1		6.2732088022		1		Censored		4.33		1				85,174.32		0.0%								1		4.33		1		85,174		0.0%		34		2.98		0		101,005		0.0%		67		4.52		0		107,086		0.0%

		0.0383579346		0.7087730327		0.7514170931		89,983		89,983		Complete		4.94		1		5.5195291807		2		Censored		4.94		1				93,523.01		0.0%								2		4.94		1		93,523		0.0%		35		1.44		0		149,004		100.0%		68		3.57		0		106,369		0.0%

		0.0432567081		0.9682477607		0.8690466438		93,199		93,199		Complete		4.97		1		8.6535428921		3		Censored		4.97		1				96,627.35		0.0%								3		4.97		1		96,627		0.0%		36		3.04		0		101,604		0.0%		69		5.02		0		107,696		0.0%

		0.052250061		0.9711307172		0.0591589161		94,262		94,262		Complete		5.03		1		8.7544262315		4		Censored		5.03		1				97,509.28		0.0%								4		5.03		1		97,509		0.0%		37		4.67		0		102,978		0.0%		70		5.56		0		108,764		0.0%

		0.2479688412		0.0558040305		0.8855353543		97,464		6,651		Complete		5.59		1		0.381583847		5		Censored		0.38		0				98,826.11		0.0%								5		0.38		0		98,826		0.0%		38		3.53		0		102,140		0.0%		71		2.93		0		115,706		0.1%

		0.0966336186		0.5724782837		0.3571023978		94,315		83,817		Complete		5.22		1		4.6384493626		6		Censored		4.64		0				96,916.80		0.0%								6		4.64		0		96,917		0.0%		39		5.68		1		104,759		0.0%		72		6.01		1		111,724		0.0%

		0.0984156564		0.8614269632		0.9737733639		96,235		96,235		Complete		5.23		1		6.8082067143		7		Censored		5.23		1				98,815.94		0.0%								7		5.23		1		98,816		0.0%		40		1.79		0		101,328		0.0%		73		4.12		0		108,249		0.0%

		0.0991991864		0.0689428689		0.4037205552		91,142		11,141		Complete		5.23		1		0.6390947853		8		Censored		0.64		0				93,714.65		0.0%								8		0.64		0		93,715		0.0%		41		5.68		1		106,389		0.0%		74		3.07		0		120,261		49.7%

		0.2088069369		0.0458040305		0.6487811082		95,872		2,630		Complete		5.51		1		0.1512587757		9		Censored		0.15		0				97,493.05		0.0%								9		0.15		0		97,493		0.0%		42		1.77		0		116,492		0.3%		75		3.17		0		128,423		100.0%

		0.1295057064		0.2751647933		0.4819413624		94,615		49,177		Complete		5.32		1		2.7665608303		10		Censored		2.77		0				96,872.64		0.0%								10		2.77		0		96,873		0.0%		43		1.78		0		108,667		0.0%		76		6.05		1		112,112		0.0%

		0.1311472193		0.4239533009		0.1214212892		95,510		67,045		Complete		5.33		1		3.7397036854		11		Censored		3.74		0				97,751.76		0.0%								11		3.74		0		97,752		0.0%		44		2.45		0		102,123		0.0%		77		3.35		0		114,569		0.0%

		0.1315987415		0.5003770603		0.0376014503		95,918		75,642		Complete		5.33		1		4.2022683601		12		Censored		4.20		0				98,155.87		0.0%								12		4.20		0		98,156		0.0%		45		1.83		0		119,629		32.2%		78		3.39		0		114,942		0.0%

		0.1824698038		0.0533910159		0.7662557319		94,990		5,731		Complete		5.46		1		0.3292144645		13		Censored		0.33		0				96,801.61		0.0%								13		0.33		0		96,802		0.0%		46		2.57		0		102,464		0.0%		79		4.15		0		110,311		0.0%

		0.1403234428		0.3697783048		0.2374672494		95,683		60,816		Complete		5.35		1		3.4021426357		14		Censored		3.40		0				97,841.09		0.0%								14		3.40		0		97,841		0.0%		47		5.73		1		106,181		0.0%		80		4.56		0		111,238		0.0%

		0.1427021326		0.3522410597		0.0695295642		95,704		58,750		Complete		5.36		1		3.2897350126		15		Censored		3.29		0				97,840.78		0.0%								15		3.29		0		97,841		0.0%		48		1.97		0		117,006		1.0%		81		5.34		0		111,895		0.0%

		0.6578144178		0.0592884886		0.9015719127		109,269		7,948		Complete		6.24		1		0.4541413127		16		Censored		0.45		0				110,081.72		0.0%								16		0.45		0		110,082		0.0%		49		4.80		0		104,887		0.0%		82		5.04		0		111,732		0.0%

		0.1602259587		0.1650360762		0.467097072		95,322		32,853		Complete		5.40		1		1.8624754673		17		Censored		1.86		0				97,309.00		0.0%								17		1.86		0		97,309		0.0%		50		5.76		1		106,952		0.0%		83		5.11		0		111,799		0.0%

		0.1625754384		0.792563116		0.3006926327		99,004		99,004		Complete		5.41		1		6.1568325679		18		Censored		5.41		1				100,972.13		0.0%								18		5.41		1		100,972		0.0%		51		5.77		1		106,018		0.0%		84		3.71		0		119,269		23.6%

		0.1651698985		0.7335276766		0.0032687497		98,734		98,734		Complete		5.42		1		5.6964414851		19		Censored		5.42		1				100,680.85		0.0%								19		5.42		1		100,681		0.0%		52		2.09		0		103,950		0.0%		85		3.83		0		114,238		0.0%

		0.1658913703		0.315217999		0.8289043207		96,556		54,275		Complete		5.42		1		3.0453281545		20		Censored		3.05		0				98,497.12		0.0%								20		3.05		0		98,497		0.0%		53		2.85		0		103,724		0.0%		86		4.74		0		113,638		0.0%

		0.1679978382		0.5521950264		0.8343440608		97,872		81,487		Complete		5.42		1		4.5149016889		21		Censored		4.51		0				99,795.87		0.0%								21		4.51		0		99,796		0.0%		54		2.18		0		128,458		100.0%		87		6.26		1		115,484		0.0%

		0.7831453081		0.0750565966		0.2240971424		113,577		13,098		Complete		6.47		1		0.7460837599		22		Censored		0.75		0				115,142.34		0.0%								22		0.75		0		115,142		0.0%		55		4.30		0		105,463		0.0%		88		6.27		1		116,146		0.2%

		0.4208001519		0.0773423656		0.5173418482		102,995		13,739		Complete		5.88		1		0.7843742061		23		Censored		0.78		0				103,394.99		0.0%								23		0.78		0		103,395		0.0%		56		4.92		0		106,118		0.0%		89		6.31		1		116,649		0.5%

		0.1838582998		0.2846845032		0.8670491756		97,134		50,429		Complete		5.46		1		2.8344455021		24		Censored		2.83		0				98,935.36		0.0%								24		2.83		0		98,935		0.0%		57		4.55		0		105,911		0.0%		90		6.32		1		118,022		5.3%

		0.2045291682		0.0819892463		0.0840493373		96,300		15,039		Complete		5.50		1		0.8596445233		25		Censored		0.86		0				97,951.51		0.0%								25		0.86		0		97,952		0.0%		58		2.38		0		111,092		0.0%		91		4.29		0		118,839		15.2%

		0.1933609081		0.0870180128		0.1256255742		95,933		16,411		Complete		5.48		1		0.9375624144		26		Censored		0.94		0				97,664.22		0.0%								26		0.94		0		97,664		0.0%		59		2.43		0		110,512		0.0%		92		4.55		0		124,132		99.7%

		0.1983134911		0.7514802656		0.2313138245		100,204		100,204		Complete		5.49		1		5.8299727113		27		Censored		5.49		1				101,898.90		0.0%								27		5.49		1		101,899		0.0%		60		3.25		0		105,160		0.0%		93		6.43		1		119,340		25.2%

		0.7673391849		0.091452929		0.9775849606		113,221		17,648		Complete		6.44		1		1.003533522		28		Censored		1.00		0				114,681.71		0.0%								28		1.00		0		114,682		0.0%		61		2.46		0		114,311		0.0%		94		6.48		1		121,323		77.4%

		0.2119174016		0.8235691112		0.3090917868		101,220		101,220		Complete		5.52		1		6.4297264706		29		Censored		5.52		1				102,819.99		0.0%								29		5.52		1		102,820		0.0%		62		5.88		1		108,987		0.0%		95		5.02		0		125,575		100.0%

		0.8371792225		0.1031776647		0.9459479282		116,088		20,563		Complete		6.59		1		1.1672376644		30		Censored		1.17		0				118,054.21		5.6%								30		1.17		0		118,054		5.6%		63		2.58		0		108,928		0.0%		96		5.28		0		123,799		99.4%

		0.2312629608		0.2243434077		0.8460333407		98,550		42,222		Complete		5.56		1		2.3817453126		31		Censored		2.38		0				100,019.48		0.0%								31		2.38		0		100,019		0.0%		64		2.66		0		123,365		98.7%		97		5.41		0		121,673		84.2%

		0.4032351149		0.1112859498		0.4103914549		102,915		22,378		Complete		5.85		1		1.272677458		32		Censored		1.27		0				103,404.72		0.0%								32		1.27		0		103,405		0.0%		65		2.66		0		116,424		0.3%		98		5.73		0		130,634		100.0%

		0.2380384048		0.5108234047		0.7784183725		100,358		76,814		Complete		5.57		1		4.2651205951		33		Censored		4.27		0				101,783.15		0.0%								33		4.27		0		101,783		0.0%		66		2.67		0		112,773		0.0%		99		6.71		1		126,404		100.0%

		0.2486035223		0.3049067128		0.965708255		99,647		53,010		Complete		5.59		1		2.9751844852		34		Censored		2.98		0				101,005.08		0.0%																												100		6.11		0		143,458		100.0%

		0.9996414779		0.1252851226		0.6111388718		142,238		25,552		Complete		8.03		1		1.4424830232		35		Censored		1.44		0				149,004.19		100.0%

		0.2686115362		0.3145221478		0.2344979912		100,370		54,209		Complete		5.63		1		3.0406261223		36		Censored		3.04		0				101,604.10		0.0%

		0.2693354392		0.5770690172		0.8415736896		101,749		84,320		Complete		5.63		1		4.6665622204		37		Censored		4.67		0				102,978.35		0.0%

		0.2734424279		0.3899951898		0.8757689638		100,935		63,183		Complete		5.64		1		3.5296042281		38		Censored		3.53		0				102,139.91		0.0%

		0.2973380416		0.7644433465		0.1554774874		103,695		103,695		Complete		5.68		1		5.9296051426		39		Censored		5.68		1				104,759.10		0.0%

		0.29792175		0.1580772696		0.3157961737		100,267		31,664		Complete		5.68		1		1.7942603672		40		Censored		1.79		0				101,327.81		0.0%

		0.2979323201		0.9367788558		0.0682504796		105,329		105,329		Complete		5.68		1		7.8678792037		41		Censored		5.68		1				106,389.43		0.0%

		0.7942746452		0.1560931961		0.2883205664		114,849		31,388		Complete		6.49		1		1.7744521125		42		Censored		1.77		0				116,491.91		0.3%

		0.5830813541		0.1564810859		0.7730134364		108,248		31,424		Complete		6.13		1		1.7783376337		43		Censored		1.78		0				108,667.17		0.0%

		0.307784436		0.2329434243		0.0204450795		101,119		43,472		Complete		5.70		1		2.4499494986		44		Censored		2.45		0				102,122.79		0.0%

		0.8560684148		0.161674476		0.1524925747		117,503		32,391		Complete		6.64		1		1.8297617919		45		Censored		1.83		0				119,628.91		32.2%

		0.3174170031		0.2487531801		0.7356149209		101,514		45,682		Complete		5.72		1		2.5717955156		46		Censored		2.57		0				102,463.74		0.0%

		0.3248676455		0.8618161083		0.3595441927		105,272		105,272		Complete		5.73		1		6.8124361904		47		Censored		5.73		1				106,180.69		0.0%

		0.8020734106		0.1759610582		0.321979874		115,308		34,824		Complete		6.51		1		1.965918039		48		Censored		1.97		0				117,006.11		1.0%

		0.3407459475		0.5985396839		0.1485607369		104,067		86,798		Complete		5.75		1		4.7989657313		49		Censored		4.80		0				104,887.37		0.0%

		0.3459457898		0.8887390035		0.0309397032		106,160		106,160		Complete		5.76		1		7.1276384174		50		Censored		5.76		1				106,952.35		0.0%

		0.3478618705		0.7672289642		0.2868967578		105,236		105,236		Complete		5.77		1		5.9514036927		51		Censored		5.77		1				106,017.83		0.0%

		0.3971791116		0.1899605292		0.9384881937		103,429		37,040		Complete		5.84		1		2.0926997834		52		Censored		2.09		0				103,950.15		0.0%

		0.3601126076		0.2870842671		0.7992686675		103,008		50,771		Complete		5.79		1		2.8513849825		53		Censored		2.85		0				103,724.37		0.0%

		0.9581508961		0.2003375904		0.7044398441		124,999		38,773		Complete		7.04		1		2.1830015982		54		Censored		2.18		0				128,458.30		100.0%

		0.3827867473		0.5173823768		0.7997447638		104,867		77,547		Complete		5.82		1		4.304603886		55		Censored		4.30		0				105,463.27		0.0%

		0.3889854336		0.6177954383		0.2764211057		105,554		89,053		Complete		5.83		1		4.9192701692		56		Censored		4.92		0				106,118.11		0.0%

		0.3933308937		0.5582372896		0.4529462436		105,370		82,157		Complete		5.84		1		4.5516038586		57		Censored		4.55		0				105,911.30		0.0%

		0.6406415017		0.2239481701		0.2325264595		110,372		42,234		Complete		6.22		1		2.3785756563		58		Censored		2.38		0				111,092.37		0.0%

		0.6223291036		0.2301390684		0.3973973903		109,889		43,122		Complete		6.19		1		2.4278665567		59		Censored		2.43		0				110,511.75		0.0%

		0.408055367		0.3458221678		0.0987016874		104,695		58,026		Complete		5.86		1		3.2481010456		60		Censored		3.25		0				105,160.31		0.0%

		0.7278677679		0.2341518561		0.7604662928		113,098		43,709		Complete		6.36		1		2.4594197146		61		Censored		2.46		0				114,311.14		0.0%

		0.4186970722		0.9187234916		0.2387119076		108,577		108,577		Complete		5.88		1		7.5516874436		62		Censored		5.88		1				108,987.07		0.0%

		0.5705642668		0.2502319355		0.5967114954		108,573		45,924		Complete		6.11		1		2.5829758563		63		Censored		2.58		0				108,928.46		0.0%

		0.9033513698		0.2601337373		0.3607120014		120,764		47,321		Complete		6.78		1		2.6569604274		64		Censored		2.66		0				123,365.48		98.7%

		0.7758877611		0.2606180713		0.4504775622		114,908		47,361		Complete		6.46		1		2.6605413798		65		Censored		2.66		0				116,424.36		0.3%

		0.6818055207		0.2613796708		0.0475600202		111,828		47,449		Complete		6.28		1		2.6661653929		66		Censored		2.67		0				112,773.05		0.0%

		0.4466039452		0.5531131344		0.2065814653		106,817		81,572		Complete		5.92		1		4.5204735448		67		Censored		4.52		0				107,085.69		0.0%

		0.4501227716		0.3959228504		0.2866490784		106,118		63,881		Complete		5.92		1		3.5666048839		68		Censored		3.57		0				106,369.08		0.0%

		0.4551387497		0.6344799347		0.6495993381		107,470		91,032		Complete		5.93		1		5.0249814113		69		Censored		5.02		0				107,695.83		0.0%

		0.4833880625		0.7139968076		0.3220900526		108,680		101,063		Complete		5.98		1		5.5562377548		70		Censored		5.56		0				108,763.66		0.0%

		0.7532083692		0.298596417		0.6752373007		114,337		52,288		Complete		6.41		1		2.9317400331		71		Censored		2.93		0				115,706.26		0.1%

		0.5037072985		0.9642628729		0.1475270246		111,705		111,705		Complete		6.01		1		8.5258858086		72		Censored		6.01		1				111,723.85		0.0%

		0.509875928		0.4864485032		0.8895723653		108,199		74,086		Complete		6.01		1		4.1184597597		73		Censored		4.12		0				108,248.95		0.0%

		0.8488602109		0.3186739807		0.2234796557		118,198		54,798		Complete		6.62		1		3.0686159502		74		Censored		3.07		0				120,261.11		49.7%

		0.9517949549		0.3341748761		0.658449604		125,098		56,704		Complete		7.00		1		3.1718064608		75		Censored		3.17		0				128,423.33		100.0%

		0.5328600983		0.9367762992		0.254925619		111,947		111,947		Complete		6.05		1		7.8678297581		76		Censored		6.05		1				112,112.03		0.0%

		0.7150899442		0.362088868		0.433100473		113,432		59,982		Complete		6.34		1		3.3530858577		77		Censored		3.35		0				114,568.69		0.0%

		0.7241527506		0.3675191196		0.2968941806		113,752		60,619		Complete		6.36		1		3.3877650359		78		Censored		3.39		0				114,941.99		0.0%

		0.5730158211		0.4910874849		0.0513878215		109,943		74,604		Complete		6.11		1		4.1463786695		79		Censored		4.15		0				110,311.25		0.0%

		0.5907043385		0.5600968453		0.0161243094		110,779		82,357		Complete		6.14		1		4.5629154176		80		Censored		4.56		0				111,238.20		0.0%

		0.5908816602		0.6832645104		0.24248502		111,436		97,030		Complete		6.14		1		5.3444331222		81		Censored		5.34		0				111,895.31		0.0%

		0.5937261353		0.6361636829		0.0653813353		111,258		91,214		Complete		6.14		1		5.0357354614		82		Censored		5.04		0				111,731.85		0.0%

		0.5938684804		0.6478158874		0.4677483002		111,324		92,623		Complete		6.14		1		5.110633135		83		Censored		5.11		0				111,798.96		0.0%

		0.8192496334		0.4185184999		0.8365012114		117,444		66,482		Complete		6.55		1		3.7063560721		84		Censored		3.71		0				119,268.75		23.6%

		0.6955605963		0.4381380099		0.0916075596		113,215		68,685		Complete		6.31		1		3.8263398591		85		Censored		3.83		0				114,238.05		0.0%

		0.6573027698		0.5895885139		0.5095752032		112,828		85,728		Complete		6.24		1		4.7435678646		86		Censored		4.74		0				113,638.42		0.0%

		0.6679913218		0.8319905973		0.0362207419		114,615		114,615		Complete		6.26		1		6.5089471539		87		Censored		6.26		1				115,484.10		0.0%

		0.6763389084		0.8739478933		0.4611262166		115,231		115,231		Complete		6.27		1		6.9486081031		88		Censored		6.27		1				116,146.32		0.2%

		0.6979675336		0.8427699054		0.3125987094		115,612		115,612		Complete		6.31		1		6.6141773956		89		Censored		6.31		1				116,649.43		0.5%

		0.7004352519		0.9502086759		0.5714150932		116,971		116,971		Complete		6.32		1		8.1525127632		90		Censored		6.32		1				118,022.12		5.3%

		0.7997403166		0.5155021746		0.2044807283		117,157		77,330		Complete		6.50		1		4.2932831364		91		Censored		4.29		0				118,838.62		15.2%

		0.8920764899		0.5577033074		0.7734355748		121,657		82,066		Complete		6.74		1		4.548357133		92		Censored		4.55		0				124,132.18		99.7%

		0.76188764		0.8666894944		0.1874823446		117,916		117,916		Complete		6.43		1		6.8661063927		93		Censored		6.43		1				119,340.32		25.2%

		0.7891071541		0.9357518933		0.9894942036		119,716		119,716		Complete		6.48		1		7.8481409749		94		Censored		6.48		1				121,322.70		77.4%

		0.906573395		0.6330748874		0.5290943069		122,935		90,791		Complete		6.79		1		5.0160200865		95		Censored		5.02		0				125,575.32		100.0%

		0.8777156154		0.6743581019		0.5105340679		121,471		95,839		Complete		6.70		1		5.2847506489		96		Censored		5.28		0				123,798.59		99.4%

		0.8387112333		0.6935092597		0.6991669384		119,695		98,282		Complete		6.59		1		5.4139732518		97		Censored		5.41		0				121,673.08		84.2%

		0.9524237849		0.737741259		0.9763144656		127,296		104,134		Complete		7.00		1		5.7273535874		98		Censored		5.73		0				130,633.73		100.0%

		0.8810839899		0.9502701606		0.176537442		124,044		124,044		Complete		6.71		1		8.1539490196		99		Censored		6.71		1				126,404.37		100.0%

		0.995928538		0.7864320853		0.4201016303		138,166		111,183		Complete		7.59		1		6.1058457234		100		Censored		6.11		0				143,458.10		100.0%
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		0.0026341545		0.8061612807		0.3437319443		79,594		79,594		Complete		4.33		1		6.2732088022		1		Censored		4.33		1		1		85,174.32		0.0%		33,162		2.568		12,214				1		4.33		1		85,174		33,162		12,214		34		2.98		0		101,005		40,669		4,707		67		4.52		0		107,086		42,005		3,371

		0.0383579346		0.7087730327		0.7514170931		89,983		89,983		Complete		4.94		1		5.5195291807		2		Censored		4.94		1		2		93,523.01		0.0%		36,649		2.552		8,726				2		4.94		1		93,523		36,649		8,726		35		1.44		0		149,004		57,592		0		68		3.57		0		106,369		41,474		3,901

		0.0432567081		0.9682477607		0.8690466438		93,199		93,199		Complete		4.97		1		8.6535428921		3		Censored		4.97		1		3		96,627.35		0.0%		38,286		2.524		7,090				3		4.97		1		96,627		38,286		7,090		36		3.04		0		101,604		39,803		5,573		69		5.02		0		107,696		41,806		3,570

		0.052250061		0.9711307172		0.0591589161		94,262		94,262		Complete		5.03		1		8.7544262315		4		Censored		5.03		1		4		97,509.28		0.0%		39,065		2.496		6,310				4		5.03		1		97,509		39,065		6,310		37		4.67		0		102,978		40,608		4,768		70		5.56		0		108,764		42,294		3,082

		0.2479688412		0.0558040305		0.8855353543		97,464		6,651		Complete		5.59		1		0.381583847		5		Censored		0.38		0		5		98,826.11		0.0%		39,213		2.520		6,163				5		0.38		0		98,826		39,213		6,163		38		3.53		0		102,140		40,439		4,937		71		2.93		0		115,706		44,957		419

		0.0966336186		0.5724782837		0.3571023978		94,315		83,817		Complete		5.22		1		4.6384493626		6		Censored		4.64		0		6		96,916.80		0.0%		37,642		2.575		7,734				6		4.64		0		96,917		37,642		7,734		39		5.68		1		104,759		41,305		4,071		72		6.01		1		111,724		44,018		1,358

		0.0984156564		0.8614269632		0.9737733639		96,235		96,235		Complete		5.23		1		6.8082067143		7		Censored		5.23		1		7		98,815.94		0.0%		39,946		2.474		5,430				7		5.23		1		98,816		39,946		5,430		40		1.79		0		101,328		39,452		5,924		73		4.12		0		108,249		42,858		2,517

		0.0991991864		0.0689428689		0.4037205552		91,142		11,141		Complete		5.23		1		0.6390947853		8		Censored		0.64		0		8		93,714.65		0.0%		36,288		2.583		9,088				8		0.64		0		93,715		36,288		9,088		41		5.68		1		106,389		42,408		2,968		74		3.07		0		120,261		47,015		0

		0.2088069369		0.0458040305		0.6487811082		95,872		2,630		Complete		5.51		1		0.1512587757		9		Censored		0.15		0		9		97,493.05		0.0%		37,879		2.574		7,496				9		0.15		0		97,493		37,879		7,496		42		1.77		0		116,492		45,363		13		75		3.17		0		128,423		49,802		0

		0.1295057064		0.2751647933		0.4819413624		94,615		49,177		Complete		5.32		1		2.7665608303		10		Censored		2.77		0		10		96,872.64		0.0%		37,304		2.597		8,072				10		2.77		0		96,873		37,304		8,072		43		1.78		0		108,667		42,544		2,832		76		6.05		1		112,112		43,779		1,597

		0.1311472193		0.4239533009		0.1214212892		95,510		67,045		Complete		5.33		1		3.7397036854		11		Censored		3.74		0		11		97,751.76		0.0%		38,765		2.522		6,611				11		3.74		0		97,752		38,765		6,611		44		2.45		0		102,123		41,323		4,053		77		3.35		0		114,569		44,233		1,142

		0.1315987415		0.5003770603		0.0376014503		95,918		75,642		Complete		5.33		1		4.2022683601		12		Censored		4.20		0		12		98,155.87		0.0%		39,531		2.483		5,844				12		4.20		0		98,156		39,531		5,844		45		1.83		0		119,629		47,037		0		78		3.39		0		114,942		44,742		634

		0.1824698038		0.0533910159		0.7662557319		94,990		5,731		Complete		5.46		1		0.3292144645		13		Censored		0.33		0		13		96,801.61		0.0%		37,958		2.550		7,418				13		0.33		0		96,802		37,958		7,418		46		2.57		0		102,464		40,039		5,337		79		4.15		0		110,311		44,059		1,317

		0.1403234428		0.3697783048		0.2374672494		95,683		60,816		Complete		5.35		1		3.4021426357		14		Censored		3.40		0		14		97,841.09		0.0%		38,346		2.552		7,030				14		3.40		0		97,841		38,346		7,030		47		5.73		1		106,181		41,198		4,177		80		4.56		0		111,238		44,925		451

		0.1427021326		0.3522410597		0.0695295642		95,704		58,750		Complete		5.36		1		3.2897350126		15		Censored		3.29		0		15		97,840.78		0.0%		39,110		2.502		6,265				15		3.29		0		97,841		39,110		6,265		48		1.97		0		117,006		45,465		0		81		5.34		0		111,895		43,735		1,641

		0.6578144178		0.0592884886		0.9015719127		109,269		7,948		Complete		6.24		1		0.4541413127		16		Censored		0.45		0		16		110,081.72		0.0%		43,630		2.523		1,746				16		0.45		0		110,082		43,630		1,746		49		4.80		0		104,887		41,384		3,992		82		5.04		0		111,732		44,485		891

		0.1602259587		0.1650360762		0.467097072		95,322		32,853		Complete		5.40		1		1.8624754673		17		Censored		1.86		0		17		97,309.00		0.0%		37,509		2.594		7,867				17		1.86		0		97,309		37,509		7,867		50		5.76		1		106,952		43,003		2,373		83		5.11		0		111,799		43,081		2,295

		0.1625754384		0.792563116		0.3006926327		99,004		99,004		Complete		5.41		1		6.1568325679		18		Censored		5.41		1		18		100,972.13		0.0%		39,358		2.565		6,018				18		5.41		1		100,972		39,358		6,018		51		5.77		1		106,018		41,339		4,037		84		3.71		0		119,269		46,853		0

		0.1651698985		0.7335276766		0.0032687497		98,734		98,734		Complete		5.42		1		5.6964414851		19		Censored		5.42		1		19		100,680.85		0.0%		41,443		2.429		3,933				19		5.42		1		100,681		41,443		3,933		52		2.09		0		103,950		41,523		3,853		85		3.83		0		114,238		45,269		107

		0.1658913703		0.315217999		0.8289043207		96,556		54,275		Complete		5.42		1		3.0453281545		20		Censored		3.05		0		20		98,497.12		0.0%		38,833		2.536		6,542				20		3.05		0		98,497		38,833		6,542		53		2.85		0		103,724		40,733		4,643		86		4.74		0		113,638		43,731		1,645

		0.1679978382		0.5521950264		0.8343440608		97,872		81,487		Complete		5.42		1		4.5149016889		21		Censored		4.51		0		21		99,795.87		0.0%		39,355		2.536		6,021				21		4.51		0		99,796		39,355		6,021		54		2.18		0		128,458		49,944		0		87		6.26		1		115,484		46,213		0

		0.7831453081		0.0750565966		0.2240971424		113,577		13,098		Complete		6.47		1		0.7460837599		22		Censored		0.75		0		22		115,142.34		0.0%		45,044		2.556		332				22		0.75		0		115,142		45,044		332		55		4.30		0		105,463		41,404		3,972		88		6.27		1		116,146		44,769		607

		0.4208001519		0.0773423656		0.5173418482		102,995		13,739		Complete		5.88		1		0.7843742061		23		Censored		0.78		0		23		103,394.99		0.0%		39,811		2.597		5,565				23		0.78		0		103,395		39,811		5,565		56		4.92		0		106,118		41,408		3,968		89		6.31		1		116,649		45,354		22

		0.1838582998		0.2846845032		0.8670491756		97,134		50,429		Complete		5.46		1		2.8344455021		24		Censored		2.83		0		24		98,935.36		0.0%		39,165		2.526		6,211				24		2.83		0		98,935		39,165		6,211		57		4.55		0		105,911		40,853		4,522		90		6.32		1		118,022		45,573		0

		0.2045291682		0.0819892463		0.0840493373		96,300		15,039		Complete		5.50		1		0.8596445233		25		Censored		0.86		0		25		97,951.51		0.0%		39,052		2.508		6,324				25		0.86		0		97,952		39,052		6,324		58		2.38		0		111,092		43,458		1,917		91		4.29		0		118,839		46,533		0

		0.1933609081		0.0870180128		0.1256255742		95,933		16,411		Complete		5.48		1		0.9375624144		26		Censored		0.94		0		26		97,664.22		0.0%		38,710		2.523		6,665				26		0.94		0		97,664		38,710		6,665		59		2.43		0		110,512		42,765		2,611		92		4.55		0		124,132		48,493		0

		0.1983134911		0.7514802656		0.2313138245		100,204		100,204		Complete		5.49		1		5.8299727113		27		Censored		5.49		1		27		101,898.90		0.0%		39,926		2.552		5,449				27		5.49		1		101,899		39,926		5,449		60		3.25		0		105,160		41,735		3,641		93		6.43		1		119,340		46,787		0

		0.7673391849		0.091452929		0.9775849606		113,221		17,648		Complete		6.44		1		1.003533522		28		Censored		1.00		0		28		114,681.71		0.0%		46,115		2.487		0				28		1.00		0		114,682		46,115		0		61		2.46		0		114,311		44,674		702		94		6.48		1		121,323		48,970		0

		0.2119174016		0.8235691112		0.3090917868		101,220		101,220		Complete		5.52		1		6.4297264706		29		Censored		5.52		1		29		102,819.99		0.0%		40,045		2.568		5,331				29		5.52		1		102,820		40,045		5,331		62		5.88		1		108,987		42,629		2,747		95		5.02		0		125,575		48,371		0

		0.8371792225		0.1031776647		0.9459479282		116,088		20,563		Complete		6.59		1		1.1672376644		30		Censored		1.17		0		30		118,054.21		5.6%		47,012		2.511		0				30		1.17		0		118,054		47,012		0		63		2.58		0		108,928		42,140		3,235		96		5.28		0		123,799		47,641		0

		0.2312629608		0.2243434077		0.8460333407		98,550		42,222		Complete		5.56		1		2.3817453126		31		Censored		2.38		0		31		100,019.48		0.0%		39,489		2.533		5,887				31		2.38		0		100,019		39,489		5,887		64		2.66		0		123,365		47,805		0		97		5.41		0		121,673		47,319		0

		0.4032351149		0.1112859498		0.4103914549		102,915		22,378		Complete		5.85		1		1.272677458		32		Censored		1.27		0		32		103,404.72		0.0%		39,998		2.585		5,378				32		1.27		0		103,405		39,998		5,378		65		2.66		0		116,424		44,903		473		98		5.73		0		130,634		52,227		0

		0.2380384048		0.5108234047		0.7784183725		100,358		76,814		Complete		5.57		1		4.2651205951		33		Censored		4.27		0		33		101,783.15		0.0%		39,914		2.550		5,462				33		4.27		0		101,783		39,914		5,462		66		2.67		0		112,773		45,043		333		99		6.71		1		126,404		49,546		0

		0.2486035223		0.3049067128		0.965708255		99,647		53,010		Complete		5.59		1		2.9751844852		34		Censored		2.98		0		34		101,005.08		0.0%		40,669		2.484		4,707																												100		6.11		0		143,458		55,378		0

		0.9996414779		0.1252851226		0.6111388718		142,238		25,552		Complete		8.03		1		1.4424830232		35		Censored		1.44		0		35		149,004.19		100.0%		57,592		2.587		0

		0.2686115362		0.3145221478		0.2344979912		100,370		54,209		Complete		5.63		1		3.0406261223		36		Censored		3.04		0		36		101,604.10		0.0%		39,803		2.553		5,573

		0.2693354392		0.5770690172		0.8415736896		101,749		84,320		Complete		5.63		1		4.6665622204		37		Censored		4.67		0		37		102,978.35		0.0%		40,608		2.536		4,768

		0.2734424279		0.3899951898		0.8757689638		100,935		63,183		Complete		5.64		1		3.5296042281		38		Censored		3.53		0		38		102,139.91		0.0%		40,439		2.526		4,937

		0.2973380416		0.7644433465		0.1554774874		103,695		103,695		Complete		5.68		1		5.9296051426		39		Censored		5.68		1		39		104,759.10		0.0%		41,305		2.536		4,071

		0.29792175		0.1580772696		0.3157961737		100,267		31,664		Complete		5.68		1		1.7942603672		40		Censored		1.79		0		40		101,327.81		0.0%		39,452		2.568		5,924

		0.2979323201		0.9367788558		0.0682504796		105,329		105,329		Complete		5.68		1		7.8678792037		41		Censored		5.68		1		41		106,389.43		0.0%		42,408		2.509		2,968

		0.7942746452		0.1560931961		0.2883205664		114,849		31,388		Complete		6.49		1		1.7744521125		42		Censored		1.77		0		42		116,491.91		0.3%		45,363		2.568		13

		0.5830813541		0.1564810859		0.7730134364		108,248		31,424		Complete		6.13		1		1.7783376337		43		Censored		1.78		0		43		108,667.17		0.0%		42,544		2.554		2,832

		0.307784436		0.2329434243		0.0204450795		101,119		43,472		Complete		5.70		1		2.4499494986		44		Censored		2.45		0		44		102,122.79		0.0%		41,323		2.471		4,053

		0.8560684148		0.161674476		0.1524925747		117,503		32,391		Complete		6.64		1		1.8297617919		45		Censored		1.83		0		45		119,628.91		32.2%		47,037		2.543		0

		0.3174170031		0.2487531801		0.7356149209		101,514		45,682		Complete		5.72		1		2.5717955156		46		Censored		2.57		0		46		102,463.74		0.0%		40,039		2.559		5,337

		0.3248676455		0.8618161083		0.3595441927		105,272		105,272		Complete		5.73		1		6.8124361904		47		Censored		5.73		1		47		106,180.69		0.0%		41,198		2.577		4,177

		0.8020734106		0.1759610582		0.321979874		115,308		34,824		Complete		6.51		1		1.965918039		48		Censored		1.97		0		48		117,006.11		1.0%		45,465		2.574		0

		0.3407459475		0.5985396839		0.1485607369		104,067		86,798		Complete		5.75		1		4.7989657313		49		Censored		4.80		0		49		104,887.37		0.0%		41,384		2.534		3,992

		0.3459457898		0.8887390035		0.0309397032		106,160		106,160		Complete		5.76		1		7.1276384174		50		Censored		5.76		1		50		106,952.35		0.0%		43,003		2.487		2,373

		0.3478618705		0.7672289642		0.2868967578		105,236		105,236		Complete		5.77		1		5.9514036927		51		Censored		5.77		1		51		106,017.83		0.0%		41,339		2.565		4,037

		0.3971791116		0.1899605292		0.9384881937		103,429		37,040		Complete		5.84		1		2.0926997834		52		Censored		2.09		0		52		103,950.15		0.0%		41,523		2.503		3,853

		0.3601126076		0.2870842671		0.7992686675		103,008		50,771		Complete		5.79		1		2.8513849825		53		Censored		2.85		0		53		103,724.37		0.0%		40,733		2.546		4,643

		0.9581508961		0.2003375904		0.7044398441		124,999		38,773		Complete		7.04		1		2.1830015982		54		Censored		2.18		0		54		128,458.30		100.0%		49,944		2.572		0

		0.3827867473		0.5173823768		0.7997447638		104,867		77,547		Complete		5.82		1		4.304603886		55		Censored		4.30		0		55		105,463.27		0.0%		41,404		2.547		3,972

		0.3889854336		0.6177954383		0.2764211057		105,554		89,053		Complete		5.83		1		4.9192701692		56		Censored		4.92		0		56		106,118.11		0.0%		41,408		2.563		3,968

		0.3933308937		0.5582372896		0.4529462436		105,370		82,157		Complete		5.84		1		4.5516038586		57		Censored		4.55		0		57		105,911.30		0.0%		40,853		2.592		4,522

		0.6406415017		0.2239481701		0.2325264595		110,372		42,234		Complete		6.22		1		2.3785756563		58		Censored		2.38		0		58		111,092.37		0.0%		43,458		2.556		1,917

		0.6223291036		0.2301390684		0.3973973903		109,889		43,122		Complete		6.19		1		2.4278665567		59		Censored		2.43		0		59		110,511.75		0.0%		42,765		2.584		2,611

		0.408055367		0.3458221678		0.0987016874		104,695		58,026		Complete		5.86		1		3.2481010456		60		Censored		3.25		0		60		105,160.31		0.0%		41,735		2.520		3,641

		0.7278677679		0.2341518561		0.7604662928		113,098		43,709		Complete		6.36		1		2.4594197146		61		Censored		2.46		0		61		114,311.14		0.0%		44,674		2.559		702

		0.4186970722		0.9187234916		0.2387119076		108,577		108,577		Complete		5.88		1		7.5516874436		62		Censored		5.88		1		62		108,987.07		0.0%		42,629		2.557		2,747

		0.5705642668		0.2502319355		0.5967114954		108,573		45,924		Complete		6.11		1		2.5829758563		63		Censored		2.58		0		63		108,928.46		0.0%		42,140		2.585		3,235

		0.9033513698		0.2601337373		0.3607120014		120,764		47,321		Complete		6.78		1		2.6569604274		64		Censored		2.66		0		64		123,365.48		98.7%		47,805		2.581		0

		0.7758877611		0.2606180713		0.4504775622		114,908		47,361		Complete		6.46		1		2.6605413798		65		Censored		2.66		0		65		116,424.36		0.3%		44,903		2.593		473

		0.6818055207		0.2613796708		0.0475600202		111,828		47,449		Complete		6.28		1		2.6661653929		66		Censored		2.67		0		66		112,773.05		0.0%		45,043		2.504		333

		0.4466039452		0.5531131344		0.2065814653		106,817		81,572		Complete		5.92		1		4.5204735448		67		Censored		4.52		0		67		107,085.69		0.0%		42,005		2.549		3,371

		0.4501227716		0.3959228504		0.2866490784		106,118		63,881		Complete		5.92		1		3.5666048839		68		Censored		3.57		0		68		106,369.08		0.0%		41,474		2.565		3,901

		0.4551387497		0.6344799347		0.6495993381		107,470		91,032		Complete		5.93		1		5.0249814113		69		Censored		5.02		0		69		107,695.83		0.0%		41,806		2.576		3,570

		0.4833880625		0.7139968076		0.3220900526		108,680		101,063		Complete		5.98		1		5.5562377548		70		Censored		5.56		0		70		108,763.66		0.0%		42,294		2.572		3,082

		0.7532083692		0.298596417		0.6752373007		114,337		52,288		Complete		6.41		1		2.9317400331		71		Censored		2.93		0		71		115,706.26		0.1%		44,957		2.574		419

		0.5037072985		0.9642628729		0.1475270246		111,705		111,705		Complete		6.01		1		8.5258858086		72		Censored		6.01		1		72		111,723.85		0.0%		44,018		2.538		1,358

		0.509875928		0.4864485032		0.8895723653		108,199		74,086		Complete		6.01		1		4.1184597597		73		Censored		4.12		0		73		108,248.95		0.0%		42,858		2.526		2,517

		0.8488602109		0.3186739807		0.2234796557		118,198		54,798		Complete		6.62		1		3.0686159502		74		Censored		3.07		0		74		120,261.11		49.7%		47,015		2.558		0

		0.9517949549		0.3341748761		0.658449604		125,098		56,704		Complete		7.00		1		3.1718064608		75		Censored		3.17		0		75		128,423.33		100.0%		49,802		2.579		0

		0.5328600983		0.9367762992		0.254925619		111,947		111,947		Complete		6.05		1		7.8678297581		76		Censored		6.05		1		76		112,112.03		0.0%		43,779		2.561		1,597

		0.7150899442		0.362088868		0.433100473		113,432		59,982		Complete		6.34		1		3.3530858577		77		Censored		3.35		0		77		114,568.69		0.0%		44,233		2.590		1,142

		0.7241527506		0.3675191196		0.2968941806		113,752		60,619		Complete		6.36		1		3.3877650359		78		Censored		3.39		0		78		114,941.99		0.0%		44,742		2.569		634

		0.5730158211		0.4910874849		0.0513878215		109,943		74,604		Complete		6.11		1		4.1463786695		79		Censored		4.15		0		79		110,311.25		0.0%		44,059		2.504		1,317

		0.5907043385		0.5600968453		0.0161243094		110,779		82,357		Complete		6.14		1		4.5629154176		80		Censored		4.56		0		80		111,238.20		0.0%		44,925		2.476		451

		0.5908816602		0.6832645104		0.24248502		111,436		97,030		Complete		6.14		1		5.3444331222		81		Censored		5.34		0		81		111,895.31		0.0%		43,735		2.558		1,641

		0.5937261353		0.6361636829		0.0653813353		111,258		91,214		Complete		6.14		1		5.0357354614		82		Censored		5.04		0		82		111,731.85		0.0%		44,485		2.512		891

		0.5938684804		0.6478158874		0.4677483002		111,324		92,623		Complete		6.14		1		5.110633135		83		Censored		5.11		0		83		111,798.96		0.0%		43,081		2.595		2,295

		0.8192496334		0.4185184999		0.8365012114		117,444		66,482		Complete		6.55		1		3.7063560721		84		Censored		3.71		0		84		119,268.75		23.6%		46,853		2.546		0

		0.6955605963		0.4381380099		0.0916075596		113,215		68,685		Complete		6.31		1		3.8263398591		85		Censored		3.83		0		85		114,238.05		0.0%		45,269		2.524		107

		0.6573027698		0.5895885139		0.5095752032		112,828		85,728		Complete		6.24		1		4.7435678646		86		Censored		4.74		0		86		113,638.42		0.0%		43,731		2.599		1,645

		0.6679913218		0.8319905973		0.0362207419		114,615		114,615		Complete		6.26		1		6.5089471539		87		Censored		6.26		1		87		115,484.10		0.0%		46,213		2.499		0

		0.6763389084		0.8739478933		0.4611262166		115,231		115,231		Complete		6.27		1		6.9486081031		88		Censored		6.27		1		88		116,146.32		0.2%		44,769		2.594		607

		0.6979675336		0.8427699054		0.3125987094		115,612		115,612		Complete		6.31		1		6.6141773956		89		Censored		6.31		1		89		116,649.43		0.5%		45,354		2.572		22

		0.7004352519		0.9502086759		0.5714150932		116,971		116,971		Complete		6.32		1		8.1525127632		90		Censored		6.32		1		90		118,022.12		5.3%		45,573		2.590		0

		0.7997403166		0.5155021746		0.2044807283		117,157		77,330		Complete		6.50		1		4.2932831364		91		Censored		4.29		0		91		118,838.62		15.2%		46,533		2.554		0

		0.8920764899		0.5577033074		0.7734355748		121,657		82,066		Complete		6.74		1		4.548357133		92		Censored		4.55		0		92		124,132.18		99.7%		48,493		2.560		0

		0.76188764		0.8666894944		0.1874823446		117,916		117,916		Complete		6.43		1		6.8661063927		93		Censored		6.43		1		93		119,340.32		25.2%		46,787		2.551		0

		0.7891071541		0.9357518933		0.9894942036		119,716		119,716		Complete		6.48		1		7.8481409749		94		Censored		6.48		1		94		121,322.70		77.4%		48,970		2.477		0

		0.906573395		0.6330748874		0.5290943069		122,935		90,791		Complete		6.79		1		5.0160200865		95		Censored		5.02		0		95		125,575.32		100.0%		48,371		2.596		0

		0.8777156154		0.6743581019		0.5105340679		121,471		95,839		Complete		6.70		1		5.2847506489		96		Censored		5.28		0		96		123,798.59		99.4%		47,641		2.599		0

		0.8387112333		0.6935092597		0.6991669384		119,695		98,282		Complete		6.59		1		5.4139732518		97		Censored		5.41		0		97		121,673.08		84.2%		47,319		2.571		0

		0.9524237849		0.737741259		0.9763144656		127,296		104,134		Complete		7.00		1		5.7273535874		98		Censored		5.73		0		98		130,633.73		100.0%		52,227		2.501		0

		0.8810839899		0.9502701606		0.176537442		124,044		124,044		Complete		6.71		1		8.1539490196		99		Censored		6.71		1		99		126,404.37		100.0%		49,546		2.551		0

		0.995928538		0.7864320853		0.4201016303		138,166		111,183		Complete		7.59		1		6.1058457234		100		Censored		6.11		0		100		143,458.10		100.0%		55,378		2.591		0
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Conventional vehicle
software safety

Driver assistance safety
 “ADAS”/“SOTIF”

Fully autonomous safety
 Perception
 Operations
 Sys tem life cycle
 Societal & ethical is s ues

Overview

[General Motors ]
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Good for identifying “easy” cases
 Expens ive and potentially dangerous

Brute Force Road Testing

http://bit.ly/2toadfa
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Unrealistic to Brute Force Safety
 If 100M miles/critical mishap…
 Tes t 3x– 10x longer than mis hap rate 
 Need 1 Billion miles  of tes ting

 That’s ~25 round trips
on every road in the world
 With fewer than 10 critical mis haps
…

 Instead, use standards-based
safety engineering
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Human driver ultimately responsible for safety
 “Functional Safety ” – res pond to equipment; avoid des ign faults  
 Human does  the right thing for malfunctions  (“Controllability”)

Conventional Vehicle Safety

Vehicle motion

Perform turns, etc.
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Example Automotive Software Defects
Small sampling of NHTSA recalls (i.e., confirmed bugs)

_

 17V-713: Engine does  not reduce power due to ESP s oftware defect
 17V-686 and MANY others: Airbags  dis abled
 15V-569: Unexpected s teering motion caus es  los s  of control
 15V-460 and others: Airbags  deploy when they s hould not
 15V-145: Unattended vehicle s tarts  engine  carbon monoxide pois oning
 14V-370: Turns  off headlights  when driving
 14V-204: 1.5 s econds  revers e while dis playing Drive
Voluntary Recalls :
 2018 hybrid engine s tall at high s peeds  (https ://bloom.bg/2y21T71)
 2014 s udden unintended acceleration (https ://goo.gl/R9zgL1)
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 Lane keeping, forward collision avoidance
 Driver s till res pons ible for s afety, but thes e help out

 Safety Of Intended Function (SOTIF)
 Malfunctions  can occur even with defect-free equipment

– Example: camera does  not detect white vehicle on white background

Advanced Driver Assistance Systems (ADAS)

Radar, Lidar, etc.
Don’t hit things
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Will the sensors detect objects?
 Impaired by rain, s now, glare

 Is this something the car knows how to do?
 Road geometries
 Other vehicles  & pedes trians
 Traffic lights  & road s igns
 Road s urface conditions
 Weather

 ISO 21448 SOTIF Strategy:
 Giant s cenario databas e
 Pus h everything into “SAFE” bin

SOTIF Is All About the Scenarios
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Safer than road testing, but expensive
 Not s calable
 Only tes ts  things  you have thought of!

Closed Course Testing

Volvo / Motor Trend
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Highly scalable; less expensive
 Only tes ts  things  you have thought of!
 Need higher coverage for full autonomy compared to ADAS

Simulation

http://bit.ly/2K5pQCN

Udacity http://bit.ly/2toFdeT

Apollo
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But Wait – There’s More!

Drivers do more than drive
Object Classification

Maintenance, Updates

How safe is enough?
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Perception Use of Machine Learning
Learn by example
 Training data 

ins tead of des ign
 E.g., 1 million 

pictures  of people

 Inductive training
No requirements
No design insight

?

Traditional safety includes
validation against requirement
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Gaps in training data can
lead to perception failure
 Safety needs  to know:

“Is  that a pers on?”
 Machine learning provides :

“Is  that thing like the people
in my training data?”

 Edge Case are surprises
 You won’t s ee thes e in training or tes ting

 Edge cas es  are the s tuff you didn’t think of!

What About Edge Cases?

https ://www.clarifai.com/demo

http://bit.ly/2In4rzj
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Novel objects (missing from zoo) are triggering events

Need An Edge Case “Zoo”

http://bit.ly/2top1KD
http://bit.ly/2tvCCPK

https ://goo.gl/J 3S S yu
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Mask-R CNN: examples of systemic problems

Example Triggering Events via Hologram

“Red objects”

Baseline, un-augmented images.  (Your mileage will vary.)
“Columns”

“Camouflage”

“Sun glare”

“Bare legs”

“Children”

“Single Lane Control”
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Drivers do more than just drive
 Occupant behavior, pas s enger s afety
 Detecting and managing equipment faults

Operational limitations & situations
 Sys tem exits  Operational Des ign Domain
 Vehicle fire or catas trophic failure
 Pos t-cras h res pons e

 Interacting with non -drivers
 Pedes trians , pas s engers
 Police, emergency res ponders

Operations & Human Interactions

https ://bit.ly/2GvDkUN

https ://bit.ly/2PhzilT
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Handling updates
 Fully recertify after

every weekly update?
 Security in general

Vehicle maintenance
 Pre-flight checks , cleaning
 Corrective maintenance

Supply chain issues
 Quality fade
 Supply chain faults

Lifecycle Issues
https ://bit.ly/2IKlZJ 9

https ://bit.ly/2Vavs jM

Is windshield cleaning fluid life critical?
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Safety Standard Landscape
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Where did “94%” come from?
 “The critical reas on was

as s igned to drivers in an es timated
2,046,000 cras hes  that compris e
94 percent of the NMVCCS cras hes
at the national level.
However, in none of thes e cas es  was
the as s ignment intended to blame
the driver for caus ing the cras h.”

[DOT HS 812 115]

 Practical improvement perhaps only 50%
 Cas ualty Actuarial Society, 2014  https ://bit.ly/2IIXj3L

Why Does Society Want This Technology?

https ://www.nhts a.gov/technology-
innovation/automated-vehicles -s afety

“94%”
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 37,133 Fatalities
 63% Pas s enger vehicles
 14% Motorcycles
 19% Pedes trians , bikes , etc.
 2% Large trucks     (+ 2% other = 100%)

One fatality per 86 million miles, including impaired drivers
 29% Alcohol Impairment
 27% Seat belt not us ed in pas s enger vehicle
 26% Speed (can be too fas t for conditions )
 9% Dis tracted driving   (total of all s ources  was  more than 100% due to overlap)

 The bar is set high for unimpaired humans
 99.999999%+  fatality-free miles

It’s Not All Cell Phone Distraction

(2017 data  DOT HS-812-603)
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 True self -driving cars will take a long time
 “Dis engagement” is  the wrong metric to us e for road tes ting
 Start with very limited operational des ign domains  (ODDs )
 “Self driving cars  will be s afer” is  as pirational

 Driver assistance (ADAS) offer low hanging fruit
 Safety-net functions  s uch as  AEB can help, even if imperfect
 BUT:

– Fals e activations  can be a problem (e.g., fals e alarm panic braking)
– Pretty good autonomy res ults  in bad human s upervis ion

If you blame the human operator for a crash,
it’s not a self -driving car

Points to Ponder
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More safety transparency
 Independent s afety as s es s ments
 Indus try collaboration on s afety

Minimum performance standards
 “Driver tes t” is  neces s ary -- but not s ufficient

– How do you meas ure maturity?

 Autonomy software safety standards
 ISO 26262/21448 + UL 4600 + IEEE P700x
 Dealing with uncertainty and brittlenes s

Ways To Improve AV Safety

http://bit.ly/2MTbT8F (s ign modified)

Mars

Thanks!
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Mobility has evolved over the years…

Near future…



Where do we stand today?

o At least 47 cities around the world are piloting autonomous cars today
o An additional 22 cities have begun considering pilot programs

Source: Bloomberg Philanthropies



The focus has been on safety



Can we also address efficiency?



Can we coordinate vehicles?



Can we then scale up?



Sociotechnical system approach

Testbeds

Institutional 
Dimension

Technological
Dimension

Social 
Dimension

Transportation 
systems and data

Policies and 
planning

Human 
Responses

Subject of today’s talk



Source:
https://www.electronicsweekly.com

Vehicle	level System	level

Source: 
https://faf.ornl.gov/faf4/

ARPAE NEXTCAR project



Control architecture
We develop control technologies in an Audi A3 e-tron plug-in hybrid electric 

vehicle based on a two-level joint optimization framework: 
(1) the supervisory and vehicle dynamic (VD) controllers will perform the level I

optimization, e.g., routing, acceleration/deceleration and speed profiles aimed 
at minimizing (ideally, eliminating) stop-and-go driving, and

(2) the powertrain (PT) controller will perform a level II powertrain optimization 
for the optimal vehicle speed profile imposed by level I optimization. 



Transportation network



Focus on individual transportation segments



Route in Mcity
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2

3

1

54

SPD-HARM approach

Vehicle Merging

CACC

Eco-AND



Integration at UD’s driver simulation testbed



Vehicle merging

Merging Zone
ti
m

ti
𝒇

C
on

tro
l Z

on
e

ti
0

o We model each vehicle i as a double integrator

o State and control constraints

o Rear-end safety constraint

o Lateral collision avoidance constraint

(3)

(1)

(4)

[1] Rios-Torres, J., and Malikopoulos, A.A., , “A Survey on the Coordination of Connected and Automated Vehicles at Intersections and Merging 
at Highway On-Ramps,” IEEE Trans. Intell. Transp. Syst., Vol. 18, 5, pp. 1066–1077, 2017.
[2].Rios-Torres, J., and Malikopoulos, A.A., , “Automated and Cooperative Vehicle Merging at Highway On-Ramps,” IEEE Trans. Intell. Transp. 
Syst., Vol. 18, 4, pp. 780–789, 2017.



Vehicle merging 



Merging at a roundabout



Simulation Results

19

CAV 
Penetration

Audi Controller Optimal PT 
Controller

Improvement due
to PT Controller

0% 28.0 33.8 20.7%

100% 32.2 34.2 6.2%

Improvement
due to VD 
Controller

15.0% 1.2% 22.1%

Merging (#1)

9% 

SPD-HARM
9%

Merging (#2)

9% 

Uncontrolled 
Area
73%

PERCENTAGE OF CONTROLLED AREA

19



Integration at Bosch facilities



Integration at Bosch facilities

21

Baseline scenario Scenario with VD Controller



Dyno Results at Bosch Facilities

22

Improvement on MPGe (%)
Speed Profile

Speed profile 1 Speed profile 2 Speed profile 3

Dyno (Initial SoC) Improvement [%] Improvement [%] Improvement [%]

60% 13.8 33.7 18.7

75% 29.0 17.4 34.2



Field testing in MCity



Field testing in Mcity



Sociotechnical system approach

Testbeds

Institutional 
Dimension

Technological
Dimension

Social 
Dimension

Transportation 
systems and data

Policies and 
planning

Human 
Responses



UD’s scaled smart city (UDSSC) testbed



Team formations



Sociotechnical system approach

Testbeds

Institutional 
Dimension

Technological
Dimension

Social 
Dimension

Transportation 
systems and data

Policies and 
planning

Human 
Responses



Thank you for your Attention!
Andreas A. Malikopoulos, Ph.D.

Terri Connor Kelly and John Kelly Career Development Associate Professor
Director, Information and Decision Science Lab

Department of Mechanical Engineering
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e-mail: andreas@udel.edu
URL: http://sites.udel.edu/ids-lab/
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MDOT SHA OPERATIONS



MDOT SHA SYSTEM OF SYSTEMS APPROACH

3



MDOT SHA ASSET MANAGEMENT

4



MDOT SHA DIGITAL NETWORK

5 SOC: Statewide Operations Center



MDOT SHA DIGITAL INFRASTRUCTURE

6



2%

EXISTING CYBERSECURITY THREATS

• Aggressive intrusion detection, intrusion 
prevention, vulnerability scanning and 
remediation across the Enterprise by 
MDOT’s Office of Transportation 
Technology Services (OTTS)

• Firewalls have been upgraded across the 
Enterprise

• Operating Systems, VMWare and 
infrastructure environments have been 
upgraded to newer versions with security 
being a major focus of the vendor updates

Reasons for the reduction of 
security incidents include:

2017

All other IncidentsSecurity Incidents

Security Incidents vs. all others:

7

2016

24%



OVERVIEW OF POSSIBLE THREATS

8



REDUCING THREATS AT MDOT SHA

9

• Separate production, test and 
development environments

• Hardware/Software hardening 
procedures

• State vs Contractor data 
separate

• “Stateful” Programming
• User Authentication
• Role-based access to sensitive 

data and applications

DEVELOPMENT

• Security Logging
• Systems and Network 

Environments separated by 
firewalls

• Restrict network connections 
• Reviewing firewall rules
• Non-MDOT SHA equipment 

cannot connect to network
• Anti-virus and anti-malware
• Vulnerability Scanning

OPERATIONS

• Encryption
• HTTPS communications
• Ensure sensitive state data is 

protected
• Password protected role-

based access
• Data Classification Document 

with impact ratings for 
Confidentiality, Integrity and 
Availability

• Data Governance

DATA



CAV CYBERSECURITY POLICY 

10



FUTURE CYBERSECURITY THREATS

New entry points will offer 
potential cybersecurity threats

Private sector consumer driver 
products and systems require new 
security protocols

Distributed Denial of Service (DDOS)  
Service of systems is denied by 
attacks and results in disruption of 
traffic signals and flow and potential 
damage to infrastructure 

Remote access 
Used to inject malware or viruses, 
view or steal data, or cause damage 
to targeted computer or network 

Examples:

!

11



OPPORTUNITIES FOR IMPROVEMENT

• Policy constraints

• New opportunities 
and increased 
mobility

POTENTIALSROADBLOCKS

12

• Public confidence

• Safe and reliable 
transportation 
network

• Procurement 
limitations at the 
state level



MDOT SHA SYSTEMWIDE INITIATIVES

13

Telecommunication 
plan expansion

Partnerships with 
stakeholders 
and businesses 

Educational programs to 
better the community’s 
understanding of CAVs



CAV ASSET MANAGEMENT

Current TAMP plan includes:
• Inventory of pavement and bridges
• Assess historic condition information
• New assets being built

Robust CAV Asset Management:

14

• Pavement, bridge, fleet asset data collection from CAV sensors.

• Predictive analytics based on CAV, ITS and Weather data.

• Communication systems, field controllers, and networks 
can be added to future asset inventory and conditions.

• For future CAV assets, the Security Credential Management 
System (SCMS) utilizes encryption and certificate management 
to facilitate trusted communication within the CAV ecosystem.

Best Asset Management Practice!!!
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RESOURCES
Gregory Slater
Administrator, MDOT State Highway Administration
410-545-0400 | gslater@sha.state.md.us

Maryland Connected Automated Vehicles
http://www.mva.maryland.gov/safety/MarylandCAV/

MDOT SHA CAV Strategic Plan (link)

mailto:gslater@sha.state.md.us
http://www.mva.maryland.gov/safety/MarylandCAV/
http://maryland.maps.arcgis.com/apps/Cascade/index.html?appid=44c92899dc5249038f6c22ba29ac473b


QUESTIONS?
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NHTSA’s FMVSS Considerations 
for Vehicles with

Automated Driving Systems

UMD Workshop on Risk Analysis for Autonomous 
Vehicles: Issues and Future Directions

04.26.2019
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to save lives, prevent injuries, and 
reduce economic costs due to road 
traffic crashes, through education, 

research, safety standards, and 
enforcement activity.

National Highway Traffic Safety 
Administration’s (NHTSA’s) mission is:
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RESEARCH PROGRAM 
PHILOSOPHY

Mission: Strategize, plan, and implement research programs to 
continually further Agency’s goals in reduction of crashes, fatalities, 
and injuries.

– Aligned with Congressional Mandates, DOT & NHTSA 
goals

– Portfolio spans exploratory to regulatory support
– Prioritized based on potential for crash/fatality/injury 

reduction
– Consideration for special populations and risk scenarios
– Support Defects Office with testing and analysis
– Collaborative Research with Industry and Foreign 

Governments
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Primary Outputs

■ Evaluating Emerging Safety Issues and Trends

■ Building Knowledge of New Technologies and Issues

■ Developing Technology Neutral Test Procedures and 
Assessment Tools

■ Modernizing Requirements and Performance Criteria

■ Issuing Best Practices and Guidance

■ Building New and Enhanced Capabilities
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Automation Technology and 
Safety

Automated vehicle 
technology that 
accurately detect, 
recognize, anticipate, 
and respond to the 
movements of all 
transportation system 
users could lead to 
breakthrough gains in 
transportation safety.



OVERVIEW

• Policy (3.0, 2.0)
• Research
• Regulatory Efforts

6
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POLICY

Preparing for the Future of 
Transportation (AV 3.0)

• Released October 2018
• New multimodal safety guidance
• Clarifies policy and roles
• Outlines how to work with U.S. DOT 

as automation technology evolves
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POLICY

A Vision for Safety (AV 2.0) 
• Voluntary guidance on design, 

testing, and safe deployment of 
ADS remains central to U.S. 
DOT’s Approach.

• Released September 2017.

• Encourages companies to 
consider and document their 
approach to 12 safety elements.

As of 4/2419



1

2

3

4
Crashworthiness 
Occupant 
Protection

Human Factors

ADS System Safety 
Performance; 
Functional Safety; 
Cybersecurity

Removing 
Regulatory 
Barriers

9

RESEARCH



Removing Regulatory Barriers

■ Preliminary Report, March 2016

■ Volpe National Transportation Systems Center
• Identify instances where existing FMVSS may pose 

challenges to the introduction of automated vehicles. 

■ Research Objectives
• Driver scan for explicit or implicit reference to a human driver.
• Automated vehicle concept scan to identify challenges for a 

wide range of automated vehicle capabilities and concepts.

10

Background: Review of Federal Motor Vehicle 
Safety Standards (FMVSS) for Automated Vehicles 

https://rosap.ntl.bts.gov/view/dot/12260



Removing Regulatory Barriers

■ Multi-year project, initiated in September 2017
■ Virginia Tech Transportation Institute (VTTI)
■ Research Objectives:

• Provide technical translation options of FMVSS and 
related compliance test procedures for ADS-equipped 
vehicles.

• Identify any regulatory barriers to self-certification and 
compliance verification of innovative new vehicle designs 
with ADS.

11

FMVSS Considerations for Vehicles with 
Automated Driving Systems



FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

12

Phase 1
■ 30 FMVSS
■ Focus:  ADS-DVs 

without manual 
controls.

Approach
■ Code the translation 

category.
■ Detailed analysis of 

regulatory text & 
compliance test 
procedures.

■ Engage subject matter 
experts for review.
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FMVSS Considerations for Vehicles 
with Automated Driving Systems - VTTI
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FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

Crash Avoidance Challenges (FMVSS 100-series)
■ FMVSS use of a “human” driver using manually-operated 

driving controls (steering wheel, brakes, etc.).
■ FMVSS that specify the “manner in which a vehicle is 

controlled” required careful review and consistent translation 
approach.

Crashworthiness Challenges (FMVSS 200-series)

■ FMVSS use of the terms: driver, driver’s seat, driver’s 
designated seating position, and similar terms.

■ FMVSS primarily aimed at driver/front row protection.
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FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

Crash Avoidance Challenges (FMVSS 100-Series)

■ Cross-walk on functionality categories for physical test 
execution:
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FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

Crash Avoidance Challenges (FMVSS 100-Series)

Evaluation of Test Procedure Methods



FMVSS Considerations for 
Vehicles with Automated 
Driving Systems – VTTI

17

Stakeholder Meetings:  
April 2018 & November 2018
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FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

■ Use of driver (operator); driver/passenger presence
■ Equipment may not be applicable
■ Controls, telltales, indicators, and auditory alerts

Examples of Cross-cutting Themes in FMVSS

Analysis of Information Communicated in Vehicles
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FMVSS Considerations for Vehicles with 
Automated Driving Systems - VTTI

■ Near–term Completion of Volume 1 Report (12 FMVSS)
■ Draft Volume 2 Report (18 FMVSS)

Ellen Lee Myra Blanco
NHTSA COR (TO) VTTI PI/Project Manager
E-mail:  ellen.lee@dot.gov E-mail:  mblanco@vtti.vt.edu
Phone:  202-366-1435 Phone:  540-231-1551

Next Steps

mailto:ellen.lee@dot.gov
mailto:mblanco@vtti.vt.edu


20

Regulatory 
Efforts

Pilot Program ANPRM
Notices of Receipt –
Petitions for 
Temporary Exemption
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Regulatory Efforts

■ Advance Notice of Proposed Rulemaking (ANPRM)
• Published 10.10.18

• Seeks public comment related to the near-term & long-term 
challenges of ADS testing, development & eventual deployment.

• Potential factors to be considered in designing a pilot program;
• Use of existing statutory provisions and regulations;
• Additional elements of regulatory relief; and
• Exemption petition evaluation.

■ Regulations.gov:  Docket No. NHTSA-2018-0092.

Pilot Program for Collaborative Research on Motor 
Vehicles with High or Full Driving Automation
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Regulatory Efforts

■ 49 Code of Federal Regulations Part 555 Final Rule
• Published 12.26.18; Regulations.gov: Docket No. NHTSA-2018-0103.
• Aims to streamline the application & review process for petitions 

submitted by manufacturers while continuing to prioritize safety for 
drivers, occupants, and other road users. 

■ Notices of Receipt - Temporary Exemption Petitions
• Published 03.19.19
• General Motors, LLC (Zero-Emission Autonomous Vehicle or ZEAV)

• Regulations.gov:  Docket No. NHTSA-2019-0016.

• Nuro, Inc. (R2X)
• Regulations.gov:  Docket No. NHTSA-2019-0017.

Petitions for Temporary Exemptions
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Thank you for your attention.

Contact Information:

Dee Williams, NHTSA
Email:  dee.williams@dot.gov

COME WORK FOR US – WE ARE PEOPLE SAVING PEOPLE!!!



Measuring Automated 
Vehicle Safety: Building Better 
Outcomes and Policy



Public and policy makers . . .

• Seek information about AV safety that makes sense to them
• Like comparisons to conventional vehicles (which themselves 

are evolving)
• Want common parameters for AVs, as there are for other 

motor vehicles
• Differing and dynamic Operational Design Domains (ODDs) add to 

differing designs and testing
• Have familiar challenges in understanding risks

© RAND Corporation, 2019 



What is automated vehicle safety?

Where can safety be measured?

When can safety be measured?

How can safety be measured?



What is automated vehicle safety?

Ability to operate without harm to 
passengers or other road users



Safety can be and is shaped and measured differently 

© RAND Corporation, 2019



AV developers . . . 

Do different things…

• Different technologies (e.g., 
cameras, radar, LIDAR, …)

• Different testing protocols 
and scenarios

• Different capabilities

Are not transparent…

• Different approaches to 
reporting even when 
seeming to use the same 
measure (disengagements)

• Accentuate the positive and 
share selectively (voluntary 
safety self-assessments)

© RAND Corporation, 2019 



Where can safety be measured?

Frame 1: Setting

Simulation, closed course, public roads



When can safety be measured?

Frame 2: Stage

Development, Demonstration, Deployment  



“Demonstration”

• Demonstrate the AV’s safety to policymakers and the public 
• A developer-declared period 
• Some level of oversight or transparency
• Consistent with the stated ODD 

• Verification and validation (routine) can inform
• Demonstration activities can occur in:

• Simulation 
• Closed courses
• Public roads, with or without a safety driver

© RAND Corporation, 2019 



NHTSA. Automated Vehicles 3.0: Preparing for the Future of Transportation. 2018.

Development Development into 
Demonstration 

Demonstration
Into

Early Deployment  

DOT

RAND



How can safety be measured?

Frame 3: Measurement

Leading and lagging measures  



Safety Frame 3: Measurement 

Leading 
Measures

For example….
Disengagements

Infractions
Roadmanship 

Lagging Measures
For example….

Crashes
Injuries
Deaths

© RAND Corporation, 2019 



Roadmanship

• The ability to drive on the road safely without creating 
hazards and responding well to the hazards created by 
others

• Such a measure does not currently exist
• Safety envelope violations as an option. But how is the 

envelope defined?
• Safety behavior rules comprising the Responsibility 

Sensitive Safety (RSS) as an option

© RAND Corporation, 2019 



A safety framework

Where + When + How 

We understand AV safety through



A Safety Framework 

© RAND Corporation, 2019 



RAND Recommendations beyond the framework 
• A formal definition of roadmanship is needed
• Safety events (e.g., crashes) should be evaluated as case studies
• Protocols for information sharing should be developed and used
• A common Operational Design Domain taxonomy is needed
• A designated demonstration period can be used for 

benchmarking and communicating about safety
• Research is needed into how to measure and communicate AV 

safety in the context of frequent updates

© RAND Corporation, 2019



Thank you
Marjory Blumenthal: marjory@rand.org
Laura Fraade-Blanar: lblanar@rand.org
James Anderson: janderso@rand.org

https://www.rand.org/pubs/research_reports/RR2662.html



Lessons from the Nuclear Risk-Informed 
Assessments

Mohammad Modarres
Center for Risk and Reliability

University of Maryland
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Topics

Similarities and differences of safety and risk 
characteristics of AVs vs. nuclear technologies
A quick history of safety considerations in the nuclear 
industry
Emergence of “risk-informed” safety assessment
What can we learn from nuclear safety experience
Conclusions
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Hype Cycle

New technologies AVs and Nuclear included experience the so-
called  “Hype Cycle”
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A Psychometric Risk Profile Comparison of 
Risks from AVs and Nuclear Power

Voluntary

Ordinary

Natural

Delayed

Old

Controllable

Involuntary

Catastrophic

Human-made

Immediate

New

Uncontrollable

x

x

x

x

x

x

x

x

x

x

x

x

AV
Nuclear Power
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Some Nuclear Safety History

U.S. Atomic Energy Act of 1946 rested atomic 
technology and military applications with Government

U.S. Atomic Act of 1954 ended the government’s 
monopoly and allowed peaceful uses provided that: 
" . . . a reasonable assurance exists that such uses 
would not result in undue risks to the health and safety 
of the public“
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Defense-in-Depth (DiD) Became A Safety 
Design Principle

DiD evolved into a collection of design and operating 
reqirements to overcome lack of precise knowledge

NEI, Modernization of Technical Requirements, Draft 9/2018
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Defense-in-Depth (Cont.)

Acceptance criteria needed to measure adequacy of DiD
Withstand a fixed set of accident scenarios judged by experts 

as most significant adverse events or the so-called “Design 
Basis Accidents (DBAs)”
Assumed a plant that could handle the DBAs, it will handle 

any other accident
Reasonable assurance was interpreted as conformance to the 

body of regulations on the basis of DiD.
Acceptances criteria measured deterministically with 

conservative methods, tools and bounds
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Emergence of Probabilistic Risk Assessment 
(PRA)

In the mid-1960s, concerns such as containment 
integrity under loss of reactor coolant paved the way 
for use of PRA to address the shortcomings of the 
DBAs
PRA was to model more realistic accident scenarios
PRA was meant to answer: What can go wrong?, How 
likely is it? What are its consequences?
The landmark WASH-1400 study commissioned by 
the AEC (later NRC) in 1972-1975, developed the 
concept, practice and realistic examples of PRA
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Key Elements of a PRA

 Transient, Loss of Coolant

 Seismic, Tsunami, Tornado

Initiating
Event

Component
Failure

Human
Error

Recovery
Failure

 Hardware Failure

 Software Failure

 Maintenance/Design Errors

 Post-Initiator Errors

Accident
Source: Nuclear Regulatory Commission
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Pre- & Post-WASH1400 

Pre: 
Protect again large loss of coolant
Core damage is unlikely < 10-8 per year
Consequences are disastrous
Post:
Small loss of coolant and transients are more important
Core damage is more likely than believed ~5x10-5

Consequences are significantly smaller
Support systems and human actions are very important
Based on political and technical factors NRC in late 
1978 withdrew its support of PRA 
TMI accident a few month later in March 1979 was 
consistent with WASH1400 conclusions
Revival of PRA in
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Risk-Informed Regulation

• NRC developed a set of qualitative safety goals and 
qualitative (probabilistic) safety objectives

• NRC developed a PRA Policy Statement and 
reformed its safety regulation to “risk-informed”
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Lessons of Risk-Informed Approach that 
Applies to AV Safety?

Formal PRA models can provide important realistic static and 
dynamic scenarios and contributors to accident risks in design and 
operation of AVs 
The PRA models can be updated through streams of sensor data, 

weather and road conditions, state of the vehicle and the entire fleet  
of related vehicles
PRAs may serve in support of risk management and policy decision 

making to predict, avoid and mitigate road accidents  
PRA can learn by updating its risk models with near-miss events 

and specialize itself to a specific car, driver and region
Data on significant near miss events can be shared among 

manufactures 
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Risk-Informed 
Autonomous 

Action

Decision 
Module

Operator 
Behavior Module

From: Mike Franke: quasi-dynamic PRA 
structure for space reactor

Dynamic Probabilistic Scenario 
Generator/Simulator

Risk-Informed 
Assessment 

Module

Policy/
Insurance 
Decisions

Analytics and Deep Learning Module

Data Processing/Filtering Module
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Conclusions

Old methods of safety analysis may be insufficient for 
complex technologies such as AVs
Major accidents could prove disastrous to the vitality 
of the industry  
Risk-informed performance-based approaches could 
characterize all uncertainties including engineering 
ones into the operation, policy and regulation of AVs
Risk-informed methods empower innovation and lead 
to better design, adequate safety features and sound 
policy
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Thank you!

Questions?



Workshop on Risk Analysis for 
Autonomous Vehicles: Issues and 

Future Directions

Dr. Roger L. McCarthy, P.E.
26 April 2019

roger@mccarthyengineering.com
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130+ years since Karl Benz 

26 April 2019 Slide 2©McCarthy Engineering

• The major features of 
the two-seater vehicle, 
which was completed 
in 1885, were the 
compact high-speed 
single-cylinder four-
stroke engine installed 
horizontally at the 
rear, the tubular steel 
frame, the differential 
and three wire-spoked 
wheels. The engine 
output was 0.75 hp
(0.55 kW).

https://www.daim
ler.com/company/
tradition/compan
y-history/1885-
1886.html



http://www.greatachievements.org/
26 April 2019 Slide 3©McCarthy Engineering

http://www.greatachievements.org/


During this
same period we

fought:

WW I =  ~116K
+

WW II =  ~400K
+

Korea =  ~53K
+

Vietnam =  ~90K
+

Gulf War =  ~.4K
+

Peace (?) Keeping = ~10K

26 April 2019 Slide 4©McCarthy Engineering

Total (2017) = 3,757,295
All Wars = 669,400

Include Disease
& Accidents!



Safety promise of “self-driving”
• ~94% of the US vehicular accidents have as the “critical event” 

one or more “driver critical reasons,”
– But the study did NOT define theses “reasons” as “causes”

• “Automated vehicles have the potential to save thousands of 
lives, driving the single biggest leap in road safety that our 
country has ever taken,” - U.S. Transportation Secretary 
Anthony Foxx
– True, but only for the USA (and possibly China)

• Important: US + China = ~25% world’s auto deaths
– Because the US is so far behind the rest of the world

• NHTSA issued (9/2016) a “Federal Policy for safe testing and 
deployment of automated vehicles”26 April 2019 Slide 5©McCarthy Engineering



Not all “self-driving” is equal
• Formal taxonomy of autonomous vehicle 

operation created (2014) by the US Society of 
Automotive Engineers: SAE International's 
J3016-201609

• Adopted by the US NHTSA (10/2016) 
• Also note “Guidelines for Safe On-Road Testing of SAE 

Level 3, 4, and 5 Prototype Automated Driving Systems 
(ADS)” (SAE J3018_201503)

26 April 2019 Slide 6©McCarthy Engineering



“self-driving” 
SAE 

J3016_201609 
categories

26 April 2019 Slide 7©McCarthy Engineering

Tesla 2019/04*

Google 2017**

*https://techcrunch.com/2019/04/22/tesla-
autonomy-day-is-here-heres-how-to-watch/, 
https://gearpatrol.com/2019/02/26/the-state-
of-autonomous-driving-in-2019-what-to-know/

**https://www.thedrive.com/tech/15848/waymo-is-already-
running-cars-with-no-one-behind-the-wheel

https://techcrunch.com/2019/04/22/tesla-autonomy-day-is-here-heres-how-to-watch/
https://gearpatrol.com/2019/02/26/the-state-of-autonomous-driving-in-2019-what-to-know/
https://www.thedrive.com/tech/15848/waymo-is-already-running-cars-with-no-one-behind-the-wheel
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California was the first state with 
autonomous vehicle testing regulations

• Title 13, Division 1, Chapter 1
– Article 3.7 – Testing of Autonomous Vehicles

• The autonomous vehicles testing regulations, 
which require a driver, were effective on 
September 16, 2014.

• Required every autonomous mile, accident, and 
disengagement to be reported

26 April 2019 Slide 9©McCarthy Engineering



CA regulation
• § 227.02. Definitions
• (a) “Autonomous mode” is the status of vehicle operation where technology that is a 

combination of hardware and software, remote and/or on-board, performs the dynamic 
driving task, with or without a natural person actively supervising the autonomous 
technology’s performance of the dynamic driving task. An autonomous vehicle is 
operating or driving in autonomous mode when it is operated or driven with the 
autonomous technology engaged. 

• (b) “Autonomous test vehicle” is a vehicle that has been equipped with technology that 
is a combination of both hardware and software that, when engaged, performs the 
dynamic driving task, but requires a human test driver or a remote operator to 
continuously supervise the vehicle’s performance of the dynamic driving task.

– (1) An autonomous test vehicle does not include vehicles equipped with one or more systems that 
provide driver assistance and/or enhance safety benefits but are not capable of, singularly or in 
combination, performing the dynamic driving task on a sustained basis without the constant control 
or active monitoring of a natural person. 

– (2) For the purposes of this article, an “autonomous test vehicle” is equipped with technology that 
makes it capable of operation that meets the definition of Levels 3, 4, or 5 of the SAE International’s 
Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor 
Vehicles, standard J3016 (SEP2016), which is hereby incorporated by reference

26 April 2019 Slide 10©McCarthy Engineering



26 April 2019 Slide 11©McCarthy Engineering (12/15 to 11/16)

https://www.forbes.
com/sites/chunkam
ui/2017/02/08/way
mo-is-crushing-
it/#15b88ae0aa9f
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2018
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Navigant is a billion
Dollar technology 
Consulting firm with 
Approximately 5,000+
Employees 
headquartered
In Chicago

Uber

Tesla
From article in March 2018
SAE Journal Autonomous 
Vehicle Engineering

2017



2018

29 July 2017 Slide 15©McCarthy Engineering



Google California autonomous record 

26 April 2019 Slide 16©McCarthy Engineering

Google/Waymo 2016 CA      12.6 8/.635868* (12/15-11/16)
The 2016 crash rate for Google/Waymo was 3X the adjusted* (for 
under reporting) crash rate of conventional vehicles

Table 5 from: UMTRI-2015-34, pg. 11 * https://www.dmv.ca.gov/portal/wcm/connect/946b3502-c959-4e3b-b119-
91319c27788f/GoogleAutoWaymo_disengage_report_2016.pdf?MOD=AJPERES

(4.1*)



California self-driving accidents 2015-16

26 April 2019 Slide 17©McCarthy Engineering

from UMTRI-2015-34, pg. 9
Based on 11 crashes
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In 2018 CA had 2.05 
million AV miles

Point estimate human driver
@4.1 (UMTRI) the expected 
crashes: 8.4

Acutal AV crashes 
in CA 2018: 46



Unexpected 
AV behavior 

results in 
read end 
collisions

26 April 2019 Slide 19©McCarthy Engineering



Why do autonomous vehicles have more crashes?
• Particularly when virtually all the crashes are the 

fault of the other driver
• Most of the autonomous vehicle accidents are being 

struck from the rear by a following vehicle
• Whose driver had not properly anticipated the 

conservatism of the autonomous vehicle’s slow 
operation. 

• Regulators need to be prepared to see dramatically 
high reported crash rates in the autonomous vehicle 
fleets

26 April 2019 Slide 20©McCarthy Engineering
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§227.50. Reporting Disengagement of Autonomous Mode. (a) 
…For the purposes of this section, “disengagement” means a 
deactivation of the autonomous mode when a failure of the 
autonomous technology is detected or when the safe operation 
of the vehicle requires that the autonomous vehicle test driver 
disengage the autonomous mode and take immediate manual 
control of the vehicle, or in the case of driverless vehicles, when 
the safety of the vehicle, the occupants of the vehicle, or the 
public requires that the autonomous technology be deactivated. 



26 April 2019 Slide 22©McCarthy Engineering

Waymo is adding 25,000 miles/day
600 test vehicles x ~40+ miles/day



Tesla “autopilot”
• Tesla rolled out it “autopilot” feature in 14 October 2015
• The “autopilot” mode of the current Tesla vehicles is only 

level 2 “self-driving” 
– not classed as an “autonomous” vehicle
– Otherwise Telsa would have to report in CA

• BUT - there are now probably ~350,000 Tesla’s with some 
“auto pilot” capability and probably less than a thousand 
truly autonomous vehicles

• Much larger Tesla fleet might permit the detection of an 
incremental change in crash risk from incremental change 
of vehicle automation 

26 April 2019 Slide 23©McCarthy Engineering
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Only ~124K vehicle years @ 12K miles/yr



Tesla “autopilot”
• Tesla has great connected intelligence, data capture, and 

Internet capabilities on the vehicle
• In May 2017 Tesla warned owners that unless they “opt 

out” their Tesla will start sending short anonymous video 
clips of their driving to the manufacturer 

• Internet connection notifies Tesla of crash events with 
airbag deployment

• As well as how many miles are being driven
• Tesla knows more about its vehicle fleet experience than 

any other manufacturer.
26 April 2019 Slide 26©McCarthy Engineering



Tesla “autopilot”
• The currently available Tesla autopilot crash data is 

not promising
– contrary to the “hype” of the manufacturer

• First known “autonomous” driving US fatality in 
May of 2016

• “Unable to distinguish the white truck against the 
brightly lit sky, the self-driving system failed to 
apply the brakes.”

• Tesla accident experience made public in the safety 
investigation by the NHTSA

26 April 2019 Slide 27©McCarthy Engineering



“Tesla team” statements
• In response to 7 May 2016 fatal crash of Joshua 

Brown whose Tesla Model S drove into the side of a 
tractor trailer in the “autopilot” mode

• “We learned yesterday evening that NHTSA is opening 
a preliminary evaluation into the performance of 
Autopilot during a recent fatal crash that occurred in a 
Model S. This is the first known fatality in just over 130 
million miles where Autopilot was activated.”*

• *https://www.tesla.com/blog/tragic-loss?utm_campaign=Blog_063016&utm_source=Twitter&utm_medium=social
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NHTSA investigation of Brown Crash
• AFTER PROBING TESLA'S DEADLY CRASH, FEDS SAY YAY 

TO SELF-DRIVING (Headline of “WIRED” magazine)*
• “A safety-related defect trend has not been identified at this time 

and further examination of this issue does not appear to be 
warranted”

• “ the agency exculpated Tesla, and then some. It crunched the 
numbers to find that among Tesla cars on the road, those carrying 
its Autosteer technology, which can keep the car within clear lane 
markings, crashed 40 percent less frequently than those without.”

• Not quite true.  Tesla crunched that number, and the NHTSA 
didn’t endorse it, but quoted it, and the damage was done.

26 April 2019 Slide 29©McCarthy Engineering

*https://www.wired.com/2017/01/probing-teslas-deadly-crash-feds-say-yay-self-driving/



Tesla “autopilot”
After the fatal crash Elon Musk made numerous 
claims about Tesla safety: “Indeed, if anyone 
bothered to do the math (obviously, you did not) 
they would realize that of the over 1M auto deaths 
per year worldwide, approximately half a million 
people would have been saved if the Tesla autopilot 
was universally available. Please, take 5 mins and 
do the bloody math before you write an article that 
misleads the public.” 

26 April 2019 Slide 30©McCarthy Engineering



Tesla “autopilot”
• Tesla rolled out it “autopilot” feature in 14 October 2015
• Two months later there  was fatal Tesla S crash on 20 January 

2016 involving Gao Yaning in Handan, China while using the 
“autopilot” feature

• The Tesla S traveling at full speed exhibited no braking or 
evasion slammed into the back of a slow moving, large orange 
street sweeper partially in the high-speed left lane

• In an emailed statement, Tesla said… it had not been able to 
determine whether Autopilot was active at the time of the 
Handan accident

• “The company declined to say when it learned of the fatality 
in China, or whether it had reported the crash to United 
States safety officials” 

26 April 2019 Slide 31©McCarthy Engineering



January 2016 Fatal Tesla “autopilot” crash in China

26 April 2019 Slide 32©McCarthy Engineering



EVENTUALLY Tesla owns up

• Tesla Admits Autopilot Feature Led to Fatal 
China Crash in 2016

• (Yicai Global) Feb. 28 [2018] -- Electric carmaker 
Tesla Inc. has admitted that its self-driving feature 
was responsible for the collision that caused the 
death of a 23-year-old Chinese man more than 
two years ago.

• https://www.yicaiglobal.com/news/tesla-admits-autopilot-feature-led-fatal-china-crash-2016

26 April 2019 Slide 33©McCarthy Engineering



Tesla “autopilot”
• Review of Tesla crash data proves it is Elon Musk, 

and not the commentators, who are mathematically 
challenged

• When comparative fatal crash rates are computed: 
“Conclusion: Autopiloted Teslas have twice the fatal-
crash rate of human-piloted Teslas”

• But what about the injury rate?
• Conventional vehicles have a 27% lower airbag 

deployment crash rate than Teslas on autopilot
26 April 2019 Slide 34©McCarthy Engineering



Result 
from manually 

correcting
Tesla codes in

FARS
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https://medium.com/@MidwesternHedgi/teslas-
driver-fatality-rate-is-more-than-triple-that-of-
luxury-cars-and-likely-even-higher-433670ddde17



Inconceivable
the NHTSA would 

repeat the Tesla
Statistic

Until you realize the NHTSA
has a problem
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2016 and 2017 were worse
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Low
hanging
fruit??

26 April 2019 Slide 39©McCarthy Engineering

Where is
our

NHTSA?

No study
of this

Success???



Dr. Evans:
It’s not the 
“National 

Highway Traffic 
Safety 

Administration”

29 July 2017 Slide 40©McCarthy Engineering

“National 
Vehicle 
Safety

Administration”AV benefit?



Why is the US so bad?
• The NHTSA is obsessed with vehicle safety rather 

than driver behaviors
– I believe an unfortunate legacy of its creation

• Driver behaviors are far more important to safety
– Our permissible blood alcohol of .08 is a disgrace
– “A .05% BAC legal limit is the most common and found in 

… Argentina, Australia, Austria, Belgium, Finland, France, 
Germany, Greece, Hong Kong, Israel, Italy, South Africa, 
Spain, Switzerland, Thailand, Taiwan, Turkey, and others”

29 July 2017 Slide 41©McCarthy Engineering



As bad as this is, it is about to get worse
• “EU lists 11 car safety systems to become mandatory from 2021”

– Advanced emergency braking
– Alcohol interlock installation facilitation
– Drowsiness and attention detection
– Event (accident) data recorder
– Emergency stop signal
– Full-width frontal occupant protection crash test and improved seatbelts
– Head impact zone enlargement for pedestrians and cyclists, as well as safety 

glass
– Intelligent speed assistance
– Lane keeping assist
– Pole side impact occupant protection
– Reversing camera or detection system

29 July 2017 Slide 42©McCarthy Engineering



The future
• “The notion that they [autonomous vehicles] are today safer 

than humans is pure myth,” said Steve Shladover at California 
PATH, a transportation research arm of UC Berkeley. 
“They’re not even close to the capabilities of human drivers.”

• A higher crash rate is currently observed in every mode of 
automated driving
– And we have visited Tesla’s fatal crash rate

• Instead of AVs, the biggest safety impact could be made by 
developing the driver “assistance” technologies as a gradual 
path to full AV

• AND bringing our insane driving regulations in conformance 
with the rest of the world.
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Questions?
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Published 
16 April 

2018
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How Safe Is Safe Enough for Self-
Driving Vehicles (SDVs)?

• Two risk-acceptance criteria emerged: the 
tolerable risk criterion, which indicates that SDVs 
should be four to five times as safe as HDVs, and

• The broadly acceptable risk criterion, which 
suggests that half of the respondents hoped that 
the traffic risk of SDVs would be two orders of 
magnitude lower than the current estimated traffic 
risk.
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The driver had the problem before

26 April 2019 Slide 50©McCarthy Engineering



Autopilot crash US 101 on 23 March 2018 
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Autopilot status 3 weeks ago*
• Musk, 47, started selling full self-driving as an $8,000 

option in October 2016. 
• Tesla then suffered a series of setbacks, including 

departures of top Autopilot managers and engineers. 
• Owners who paid thousands of dollars for the options 

filed a class-action lawsuit, alleging they were deceived 
into buying a feature that didn’t exist.

26 April 2019 Slide 52©McCarthy Engineering

*https://www.bloomberg.com/news/articles/2018-10-19/tesla-drops-self-driving-option-buyers-have-been-unable-to-use



Challenges for autonomous vehicles
• The Google self-driving technology requires an 

“intricate” and detailed map about prospective 
routes involving “vastly more effort” than Google 
maps and are “an order of magnitude more 
complicated.”

• This requirement poses implications for its 
introduction in countries, such as China, where “for 
reasons related to security, government regulations 
mandate that public maps cannot be more accurate 
than 50 meters”
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Challenges for autonomous vehicles
• the autonomous vehicle is the ideal suicide bomber
• criminals escaping in an autonomous vehicle would 

be free to shoot at their pursuers
• In the US he most frequent preference was for no 

self-driving (45.8%), followed by partially self-
driving (38.7%), with completely self-driving being 
the least preferred (15.5%).“  
– 75 percent of Chinese said they would likely ride in a 

self-driving car
26 April 2019 Slide 54©McCarthy Engineering
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Highlights of the First International 
Workshop on 
Autonomous Systems Safety, 
Reliability, and Security 



Introductory Remarks 
The First International Workshop on Autonomous Systems Safety (IWASS-1) was 
recently held in Trondheim Norway, co-sponsored by UCLA and Norwegian 
University of Science and Technology (NTNU). The objective of the workshop was 
to identify common challenges related to safety, reliability and security (SRS) of 
autonomous systems, and propose possible solutions for those challenges. A 
white paper distributed to the attending 40 experts from academia, industry, and 
governmental agencies, proposed the following topics as the focus of the 
workshop: How to make the case for autonomous system SRS; (b) Approaches to 
modeling and analysis of autonomous systems SRS; (c) Risks and benefits of 
human being in the loop; and  (4)  Issues in establishing safety standards, 
oversight, regulations, and liability. Two and half days of plenary presentations 
and discussions by four breakout groups on these subjects resulted in preliminary 
conclusions presented at the end of the workshop. This talk will summarize the 
key findings of IWASS-1 and provide a personal perspective on the challenges in 
assuring Safety, Reliability, and Security of autonomous system.  

2



IWASS
o Gathered key experts in autonomous systems safety.
o Aimed to identify common challenges related to safety, reliability, and 

security (SRS) of autonomous systems.
o Discuss and propose possible solutions for the identified challenges.

Main sponsors:



Origin of participants
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Participation
o35 invited experts, 15 

observers
o Design Engineers 
o Service Providers
o Operators  
o Risk, Safety, and Security 

Analysts
o Regulators 
o Law and ethics specialists
o Human behavior specialists
o Philosophers

5

oOrganizations 
o Industry
o Government Agencies
o Universities and  Research 

Center
oSectors

o Land Transport 
o Aviation 
o Maritime 
o Defense   



Key Topics
oMaking the case for autonomous system Safety, Reliability and 

Security (SRS)
oModeling and analysis methods for assessing autonomous 

system
oHuman in the loop – benefits and risks
oDealing with complexity of integrated systems of Software–

Hardware–Human
oSafety standards, oversight, regulations, ethics and liability
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Presentations
o Raised many important challenges, research questions, and 

perspectives:
o Qualification, verification and validation approaches
o Human factors in autonomy and research directions
o Ethics and trust in autonomy
o Application areas 

o autonomous cars and buses, 
o UAS, 
o intelligent marine systems

o Risk issues related to safety and cybersecurity
o Regulatory challenges and guidance for approval of autonomous ships



Breakout sessions
o Group 1 – SRS methods and modeling
o Group 2 – Human factors, ethics and regulations
o Group 3 – System verification, processes and testing
o Group 4 – Intelligence and decision support



Sample questions

o It is often said that holistic approach is needed for SRS 
assessment of autonomous systems. What does this actually 
mean?

o How can we determine “acceptable risk” for autonomous
systems and operations? 

o Should “acceptable risk” change with level of autonomy
(LoA)?
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Sample questions
o What are the main challenges of to safety, reliability, 

and security (SRS) of autonomous systems and 
operations?

o What challenges are similar between the different 
autonomous systems, operations, and industries?

o Which type of autonomous system is most feasible to 
be realized in the near future? Why?
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Sample questions
o A challenge in risk analysis of novel systems is to 

identify everything that can go wrong. How can we 
deal with the unknown unknowns?

o Uncertainty in sensor data is a challenge. How should 
this uncertainty be handled in the design and 
operation of autonomous systems and operations?
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Sample questions
o Do autonomous systems and operations need to be “as safe as” , or 

“safer than” other types of systems? 
o Are AI systems suitable to make ethical decisions, what would be 

necessary for ethical decisions?
o Who is responsible for decisions made by the autonomous system (in 

case of accidents)?
o How can risk assessments and risk models of autonomous systems 

take “ shared control “  and “adaptive autonomy” sufficiently into 
account in the identification of hazards and the analysis of risk? 
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SRS Group: Topics Covered

• System Characterization 
• Metrics to support (marine, maritime, land vehicles and aerospace)

• Safety, Reliability, Security
• Adequacy of current modelling approaches
• Hazard Identification
• Validating self-learning
• Modelling Human / hardware interfaces
• Resilience
• Simulation to demonstrate the autonomous system capability
• Real-time (operational) decision support
• Data analytics



SRS Group Conclusions
•Many of the currently available methods can still play a part in 

supporting the safety, reliability and security of autonomous 
systems.

•However,  many areas require new modelling techniques to be 
developed

• These need to be underpinned by significant advances in 
understanding:

• software failures and security
• Identification and representation of the large number of options of environment, 

operation modes

•Data driven methods are inadequate to demonstrate safety



Cyber–Physical-Human (CPH) Systems 

oUltra complex, heterogeneous, distributed, open, possibly 
“learning systems” 

oHigh levels of  integration of the technical and social 
dimensions (highly interconnected socio-technical 
systems) 

oVery high pace of development and deployment 
oHigher levels of diversity of supply chain, subject to 

different levels of  quality, reliability, and safety standards 



A Major Challenge ….

Hardware Software

Human
Environment

Interactions
Matter Energy

Force

Information
• Functional
• Physical
• Environmental 



Concurrent Task Analysis



Probabilistic Simulation Approach 
(Real Time Risk Based Decision Support of Unmanned Ships)

Autonomous

Remote 
Control

Manual 
Control 3 

Control 
Models

ADS-IDAC  running for assessment 

A risk-driven 
control mode 
switching strategy 



Solution Completeness and Scalability 

o Computational demand / scalability 
oCoverage, Scope Completeness ,  
o Optimum Level of Decomposition 

o Hardware  (Systems, Sub-systems, components, Parts, Failure Modes, 
Failure Causes …)

o Software (Functions, Objects, Computational Routines,  Line of Code,…)
o Human (Cognitive Functions, Information Model, Task Decomposition,…) 

o Interface Characterization
oAbility to Do a Graded Modeling and Analysis 



My Observations 
oSignificant difference between incentives for service sector 

and system developers 
oDevelopers overly enthusiastic and confident
oRegulators are slow and cautious  
oSafety Analysts skeptical, see  significant challenges 
o Ethical issues are thought not to be unique to this technology
oIt is often assumes that autonomous systems will be used for 

good purposes and to enhance the quality of life.  That 
assumption may be unwarranted.
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Outcome

The proceeding to be issued in June 2019 
oPapers
oReport of the Working Groups 
o Insights and Recommendations
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2nd IWASS– March 2020
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Development of dynamic safety envelopes for 
autonomous remotely operated underwater vehicles

Jeevith Hegde, Eirik Hexeberg Henriksen, Ingrid Bouwer Utne, Ingrid Schjølberg

Department of Marine Technology,
Norwegian University of Science and Technology (NTNU), 

NO7491 Trondheim, Norway
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Background
Maritime Aviation

Space
Automotive

http://www.sciencedirect.com/science/article/pii/S0967066116300831
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Background

Collision risk 
indicators

Safety 
envelopes and

Underwater 
traffic rules 

Dynamic safety envelopes

Decision support 
Fuzzy logic

Hegde, J., Utne, I.B., Schjølberg, I., Thorkildsen, B., 2015. Application of fuzzy logic for safe autonomous subsea IMR opera tions, in: Safety and Reliability of Complex Engineered Systems - Proceedings - ESREL 2015. pp. 415–422.

Hegde, J., Utne, I.B., Schjølberg, I., 2016. Development of collision risk indicators for autonomous subsea inspection mainte nance and repair. J. Loss Prev. Process Ind. https://doi.org/10.1016/j.jlp.2016.11.002

Hegde, J., Henriksen, E.H., Utne, I.B., Ingrid, S., 2019. Development of safety envelopes and subsea traffic rules for autonomous remotely operated vehicles. Accepted by J. Loss Prev. Process Ind.
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Background - Safety envelope

Hegde, J., Henriksen, E.H., Utne, I.B., Ingrid, S., 2019. Development of safety envelopes and subsea traffic rules for autonomous remotely operated vehicles. Accepted by J. Loss Prev. Process Ind.

A 3D spatial area around the underwater vehicle forming a virtual protective 
barrier (in space and time) against collision with known and unknown 

obstacles in the subsea environment.
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Background - Static safety envelope

How do we make safety envelopes dynamic? 

Hegde, J., Henriksen, E.H., Utne, I.B., Ingrid, S., 2019. Development of safety envelopes and subsea traffic rules for autonomous remotely operated vehicles. Accepted by J. Loss Prev. Process Ind.

out.ogv
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Background - Scope

Passive sensors
e.g. external acoustic 

positioning system

Active sensors
e.g. Sonar 

Known obstacles

Seabed,
Subsea infrastructure

Unknown obstacles

Unexplored areas of the 
seabed

Known obstacles

Other underwater vehicles

Unknown obstacles

Large fish or debris
Other underwater vehicles

Static obstacles

Type of subsea 
obstacles

Moving obstacles
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Methods

Part 1
Design of dynamic safety envelopes

Part 2
Design of Fuzzy Inference System

Part 3
Laboratory setup and testing
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Methods - Design of envelopes
Level 0

Level 1

Level 2
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Methods - Fuzzy Inference System
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Methods - Fuzzy Inference System

Fuzzy Inference System
(mamdani)

Time to collision

Vehicle velocity
Envelope size

Probability of 
acoustic sensor failure

Time to collision (TTC)

• 𝑇𝑇𝐶 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒

𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒

• Low MF 0 to 3 s 
• Medium MF 2 to 5 s
• High MF 5 to 10 s

MF : Membership function



14

Methods - Fuzzy Inference System

Fuzzy Inference System
(mamdani)

Time to collision

Vehicle velocity
Envelope size

Probability of 
acoustic sensor failure

Vehicle velocity

• Technical specifications of the Blue 
Robotics BlueROV2

• Envelope size is proportionally related to 
the velocity

• Low velocity MF 0 to 0.4 m/s
• Medium velocity MF 0.2 to 0.8 m/s
• High velocity MF 0.8 to 1 m/s

MF : Membership function
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Methods - Fuzzy Inference System

Fuzzy Inference System
(mamdani)

Time to collision

Vehicle velocity
Envelope size

Probability of 
acoustic sensor failure

Probability of acoustic sensor 
failure (PASF)

• Acoustic network with eight possible range 
(distance) measurements

• A minimum of four range values needed 
for reliable state estimation

• Acoustic sensor voting scheme is 4oo8 

• Low MF ranges P 0 to 0.3
• Medium MF ranges  P 0.2 to 0.7 
• High MF ranges P 0.6 to 1

MF : Membership function
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Methods - Fuzzy Rule Set

Vehicle Velocity Probability of Acoustic 
Sensor Failure Time To Collision

Low LowLow

Low Low High

Size of Safety 
Envelope 

Large
(6 – 10 mt)

Small
(0 - 4 mt)

The combinations results in 27 rules
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Laboratory setup
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Laboratory setup

Localization 
(velocity, position)

Collision Avoidance 
Module

Get

Post 
Safety envelopes

Post
Visual
Screen 

and 
HMI

Newman, P. 2006. MOOS -Mission Orientated Operating Suite. Tech. Rep. OE2003-07. MIT Department of Ocean Engineering, Cambridge 2003.

Shared Control MOOS 
(Data middleware)

XT: Christmas Tree



19

Outline

» Background

» Methods

» Laboratory setup

» Results

» Summary and future work

What?
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Results

Dynamic Envelope No Obstacles.mp4
Dynamic envelope Obstacles.mp4
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Summary

» Proof-of-concept dynamic safety envelopes

» Proposed and tested a fuzzy inference system with three inputs

» Visualization of obstacles in an uncertain environment – digital twin

» May support the vehicle and the human supervisor in making mission 
critical decision
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Lessons learned

Implementing 
online risk 

models is Hard
A world 

visualization is 
important

Active sensors 
vs. passive 

sensors

Safety 
Envelopes are 

vehicle 
specific
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Future work

» Integrating with the subsea traffic rules module
» From suggestion to action

» Extend the work to other underwater vehicle types 

» Additional risk factors as an input to the fuzzy inference system
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Need a safety 
envelope!

Oceanographic Systems Lab, Woods Hole 
Oceanographic Institution

Any questions?
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Thank you for your attention!



Dr Mario P. Brito
Centre for Risk Research

Southampton Business School

From autonomous underwater vehicles to 
unmaned marine surface vehicles: 

Reflections on risk models and expert 
judgment elicitations



Autonomous 
Underwater Vehicles 
and the Risk of vehicle 
Loss

Image from the Wendell Sea Expedition webpage
https://weddellseaexpedition.org/ Accessed 23/04/2019

• Autosub2 lost under the 
Fimbul Sea Glacier, 
Antarctica, 2005  

• Two Hugin 6000s lost under 
the Wendell sea Glacier, 
2019. The team was able to 
recover one of the AUVs. The 
second was permanently lost 
causing the end of the 
expedition

https://weddellseaexpedition.org/


Case study 1: Availability of 
significant amount of data

FP7 GROOM and SCRIPPS ocean glider 
reliability analysis

 



Survival analysis

0 5 10 15

Leak

Other failures

Power/Battery failure

Buoyancy pump failure

Collision with a vessel

Science sensor failure

Iridium communications…

Attitude control failure

Collision with the seabed

Data logging failure

Command/Control…
The premature mission abort 
are ‘censored’. They are 
included in each interval up to 
their last recorded age, but not 
counted as deaths.

The Kaplan Meier non-
parametric estimator:
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ni is the number of missions at 
risk, and di the number of aborts 
in each interval.

Brito, M. P., Smeed, D. A., & Griffiths, G., 2014. Underwater glider reliability and implications for survey design. Journal of 
Atmospheric and Oceanic Technology, 31(12), 2858-2870.

Non developers risk study:- FP7 Glider for Research, 
Ocean Observation and Science  



Kaplan Meier survival. In red the median, in grey the 5% and 95% confidence limit. S(90 days) = 
0.43. 
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Survival analysis: Non developers



Rudnick, D. L., R. Davis, and J. T. Sherman, 2016: Spray underwater glider operations. J. Atmos. 
Oceanic Technol., 33, 1113–1122,

“We were motivated by the rather grim analysis of Brito et al. (2014) to write this paper, 
as we believe that experienced glider operators do achieve their scientific objectives.” 
Rudnick et al (2016) pp. 1121.

Histogram of duration of Spray glider missions in bins every 10 
days, with the first bin centered at 10 days. Adapted from 
Rudnick et al (2016). S(100 days) = 0.83.

Trajectories of completed missions by Spray underwater
gliders since September 2004. Adapted from Rudnick et al 
(2016). 297 missions

Developers risk profile



Case study 1: Limitations and Future directions

• The effect of possible co-variates is not clear. 
• Mission depth
• Pre-mission tests results

• The efficiency of mitigation is not captured 
analytically
• How can we assess if the planned mitigation 

through fault correction is effective 
• Anomaly detection

Dearden, R. and Ernits, J. 2013. Automated Fault Diagnosis for an Autonomous Underwater Vehicle," in IEEE Journal of 
Oceanic Engineering, 38, 3, pp. 484-499.
Brito, M. and Griffiths, G. 2018. Updating autonomous underwater vehicle risk based on the effectiveness of failure prevention 
and correction. Journal of Atmospheric and Oceanic Technology, 35, 797–808.



Case study 2: A Modicum of 
experimental data and 

significant expert knowledge
Autosub 3 under ice programme

Natural Environment Research Council, Oceans 
2025 Programme



How might we predict probability of loss?

Part A - Gather fault history, document human error and all
incidents with the AUV

Part B - Set out the key features and risks of the operating
environment

We postulated that combining Parts A and B could not be done through 

scientific methods. 

*

* Estimated as cause of ~60% of US military UAV faults/incidents Tvaryanas et al. 
(2005)



Autosub Fault and Incident History 

From its first mission in July 2005 to April 2007 Autosub3 suffered 63 faults or 
incidents on 29 missions, another 10 missions were fault-free.

First two missions, Discovery 295T, July 2005.

No. Distance Fault/incident description

(km)

384 1.5 aborted (to surface) due to network failure. (Much) 

later tests showed general problem with the harnesses 

(bad crimp joints).

Loop of recovery line came out from storage slot, 

long enough to tangle propeller.

385 15.2 Autosub headed off in an uncontrolled way, due 

to a side effect of the removal of the upwards-

looking ADCP.



We cannot avoid the use of Expert Judgment!

The use of expert judgment for formal
risk assessment was first introduced by the
US Government. The aim was to get a
group of experts to agree on the best
location for a Nuclear Waste repository
Bonano et. al (1990).

The elicitation of formal expert judgment
is a well established scientific field with
crosses areas of psychology and statistics.

Bonano E.J. et. al (1990). Elicitation and use of expert judgment in Performance
Assessment for High-Level Radioactive Waste Repositories. U.S. Nuclear Regulatory
Commission, NUREG/CR-5411, 80 pp.

The photo captures the Yucca 
Mountain site, Nevada.



Analysis of Expert Judgment on the Probability 
of Autosub3 Loss: Graphical methods

Failure

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

384_1 384_2 385_1 386_1 387_1 388_1 388_2 389_1 389_2

Adam Skarke

Mark Moline

Barbara Fletcher

Clayton Jones

Rob McEwen

Chris Williams

Tom Curtin

Dana Yoerger

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

<0
.00

01
]0.

00
01

, 0
.00

03
]

]0.
00

03
, 0

.00
1]

]0.
00

1, 
0.0

03
]

]0.
00

3, 
0.0

1]
]0.

01
, 0

.03
]

]0.
03

, 0
.1]

]0.
1,0

.3]
> 0

.3

Adam Skarke

Mark Moline

Barbara Fletcher

Clayton Jones

Rob McEwen

Chris Williams

Tom Curtin

Dana Yoerger

----Ice shelf---

C
um

ul
at

iv
e 

di
st

rib
ut

io
n 

of
 th

e 
re

la
tiv

e 
fre

qu
en

cy
 o

f e
xp

er
t 

ju
dg

m
en

ts

----Open water----



Expert Judgment Aggregation
• Expert judgment aggregation

methods can be either
mathematical or behavioural:

– Mathematical aggregation.

– Behavioural aggregation
methods.

• The Linear opinion pool and the
logarithmic opinion pool were
studied for suitability.

• The log opinion pool. The number
of vetoes varied according to the
environment, 35 (55% of all
judgments) open water, coastal
waters 27 (42%), sea ice and ice
shelf 21 (33% of all judgments).
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Linear pool

Log pool

Given the number of vetoes obtained 
by the log. opinion pool, it was decided 
to use the linear opinion pool. 
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Risk factor

ni

Fault Dist.
(km)

P(loss) Prob.

Surv.

Cumulative

73 413 0.2 0 1 1

72 388_1 0.5 0.534 0.993 0.993

71 388_2 0.5 0.538 0.992 0.985

70 384_1 1.5 0.839 0.988 0.973

69 384_2 1.5 0.713 0.990 0.963

The effectiveness of using a monitoring distance
can be quantified using the conditional
probability function (Griffiths et. al, 2003).

P(loss) = 0.144 

0 - 150km

F(·): Cumulative 
probability of 
failure

P(loss) = 0.088

0 – 32 km

P(loss) = 0.056

32 km – 182 km
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Pine Island Glacier – Mission goal

McPhail, et al. 2009. Exploring beneath the PIG Ice Shelf with the Autosub3 AUV. Online: 
http://eprints.soton.ac.uk/66414/01/Oceans2009_Autosub3_McPhail.pdf.

• The main goal of the campaign 
was to gather data that would help 
determine how the warm 
Circumpolar Deep Water (CDW) gets 
beneath the glacier and how it 
determines the rate at which the 
glacier melts. Three subsidiary 
objectives had to be met: 

– To map the seabed beneath the 
glacier;

– To map the underside of the 
glacier; 

– To determine where and how 
heat is transferred from the 
inflowing CDW to the outflowing 
ice-ocean boundary layer. 

The tracks of all of the 8 Autosub3 missions carried out in the vicinity 

of the PIG in January 2009, superimposed on a recent MODIS 

satellite image.  From McPhail et al. 2009. 

http://eprints.soton.ac.uk/66414/01/Oceans2009_Autosub3_McPhail.pdf


Pine Island Glacier – Campaign analysis
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Photo courtesy of Mr. James Ferguson. DRDC/ISE deployment team, 2010.



ISE Explorer risk profile
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Brito, MP, Griffiths, G; Ferguson, J., et al. 2012 A Behavioral probabilistic risk
assessment framework for managing autonomous underwater vehicle deployments.
Journal of Atmospheric and Oceanic Technology, 29 (11). 1689-1703.



Posterior Survival distribution

Brito, M.P. and G. Griffiths, 2018: Updating Autonomous Underwater Vehicle Risk Based on the Effectiveness of Failure 
Prevention and Correction. J. Atmos. Oceanic Technol., 35, 797–808



Case study 2: Limitations and Future directions

• The effect of possible co-variates is not clear. 
• Mission depth
• New technology

• The reliability of expert judgments needs further 
exploration
• Unlike other subject areas where expert 

judgment is used for AUVs the there is the 
possibility of obtaining post mission data to 
enable to test for expert’s reliability

• Explore whether or not AI can replace experts



Case study 3: No 
operational data availability

KTP Enabling safe operations of 
autonomous ships and BRIDGES



Operation profilesWork package 7 Systems
Integration and reliability consists
of 4 tasks:

1. Task 7.1  Reliability modelling and analysis
of the D and UD vehicles. UoS, 
ALSEAMAR-ALCEN and ENITECH. M13-
M19 (May ‘16 – Nov ‘16)

2. Task 7.2 Design reliability tests for the D 
and UD Explorer. NERC, ALSEAMAR-ALCEN 
and ENITECH. M20-M24 (Dec. ‘16 – April 
‘17)

3. Task 7.3 Implement reliability
quantification tests in D and UD gliders. 
NERC and ALSEAMAR-ALCEN. M36-M42 
(April ’18 – Oct ‘18)

4. Task 7.4 Platform systems integration. 
ALSEAMAR-ALCEN. M30-M36
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Buoyancy
failure
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failure
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Motor
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EV33
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pressure

valve

Fault tree for Buoyancy failure

83 individual failure 
modes were 
identified. 

Training was provided on different types of 
heuristics

Calibration was conducted by giving the 
experts seed questions

What is the probability of Autosub6000 
GPS failure?

What is the probability of battery 
failure?

What is the probability of stern plane 
failure?

The experts were told that the vehicle had 
conducted 68 missions and covered a total of 
3650km

Brito, M.P. (2015) Reliability Case Notes No. 8. Risk and
reliability analysis of Autosub 6000 autonomous
underwater vehicle. National Oceanography Centre
Research and Consultancy Report, 50, 79pp.
Online: http://eprints.soton.ac.uk/381863/ (confidential)

Horizon 2020 - BRIDGES

http://eprints.soton.ac.uk/381863/


Training: Seed questions

LQ M UQ
JC 0.0011 0.0013 0.0019
FF 0.0011 0.0013 0.0016
BF 0.0011 0.00164 0.00219
F-XDM 0.0017 0.0019 0.0024
JN 0.00137 0.00192 0.00219
Agreed 0.0012 0.0015 0.002

Probability of Autosub6000 Stern plane actuator failure

Observed: 
4 faults/3650km =  0.00110

14 faults/3650km =  0.00384

13 faults/3650km 
=  0.00356
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Acceleration Model Type of Relationship

Arrhenius Exponential

Inverse Power Law Power

Coffin-Manson Relationship Power

Eyring’s Model Exponential

Log-Linear Relationship Logarithmic

Generalized Eyring Combination

Existing acceleration life models

Not suitable!



Buoyancy control accelerated
test plan
1. Connect the pump to a sealed 

contained with an initial pressure of 
0.8 bars absolute (≈200mbar less 
than the atmospheric pressure) 
which will simulate the pressure hull 
of the vehicle.

2. Connect a flowmeter on the pump 
output and cycle the pump in order 
to inflate (or extract from the sealed 
container) a volume of 10L of air at 
each cycle. During each cycle, the 
sealed container internal pressure 
will drop from 0.8bar absolute to 
about 0.5bars absolute. Between 
each cycle, this pressure should be 
adjusted again to 0.8bars absolute.

Air Ballast System Estimated Test Programme
Costs :

Item Description
Test Pieces : Mini Vacuum Pump (1 off?)
Test Rigs : a. Vacuum Chamber

b. Setting Vacuum pump, 
filter and controls

c. Power supply, control 
and sensors

d. Enclosures
Facilities : Cycle Testing – 20 days
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Case study 3: Limitations and Future directions

• It is difficult to implement expert judgment 
elicitations due to lack of expertise 

• Failure mechanisms are not understood, there is a 
need for multi-stress models

• For marine unmanned marine surface vehicles it is 
easier to implement data collection processes for 
condition monitoring systems



Assured and Composable Safety 
in Connected Autonomous 

Vehicles

John S. Baras
Institute for Systems Research 

University of Maryland

Workshop on Risk Analysis for Autonomous Vehicles: 
Issues and Future Directions 

April 26, 2019 
University of Maryland 
College Park, MD, USA 



Outline

• Car Passing Problem
• Path Planning: Safety and 

Verification
• Path Planning: Spatial and Temporal 

Specifications 
• Current and Future Work: Model-

Based Systems Engineering for 
Large Automated Transportation 
Networks
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Car Passing Problem

3



Stochastic Control for the Car Overtake Problem 1

Our solution
Partially stochastic control formulation
Probability space constructed by Car 1 is based on joint 
distribution of its measurements and initial states of Cars
Numerical method to find the probability of Car 1 colliding 
with  Car 2 and Car 3
Control algorithm minimizing the probability of collision

1 A. Raghavan, J. Wei, J. S. Baras, K. H.  Johansson, “Stochastic Control Formulation of The Car Overtake Problem”, Proceedings 15th IFAC Symposium on 
Control in Transportation Systems (CTS 2018) , University of Genova, Savona Campus, Italy, June 2018

• At time 𝑘, the information available to Car 1 before taking its action is:  

• At time 𝑘, after the three cars have taken their respective actions, the information available to Car 1 is: 

4



Problem Formulation 

• Car 1 modeled as unicycle, Car 2 and Car 3 are considered as point masses:

• Measurements:

• 𝑊𝑖 𝑘 , 𝑖 = 1,2,3,4 are white independent Gaussian processes with zero mean 
and variance 𝜎2

𝑖 𝑘 .

5



The Logic of Overtaking

• The time taken by Car 1 to go from 
𝑦 = d/2 to 𝑦 = 𝑑, is 

• The trajectories are generated by the 
following sequence of control actions

• Hence control Problem for Car 1:
• Find decision time (τ), 

• Find overtake decision (𝐷), 

• A triple (𝑣1, 𝜔1, 𝑡1) which minimizes 
probability of collision with Car 2 and Car 3

Sample trajectory during overtake 

6



Solution – Estimation and Decision Time

• Car 1 estimates the  position and velocity of Cars 2 and Car 3 based on the 
information available 

• Similarly the position and velocity of Car 3 are estimated by Car 1 

• Decision Time : distance based definition

• N a natural number; can be used to characterize behavior of Car 1 driver

5 or 8  for passive driver, 1 or 2 for aggressive driver

Solution – Determination of Feasibility Conditions
Solution – Determination of Collision Conditions 
Solution – Determination of Decision 

7



Simulation Setup

• 𝑑 = 3.7𝑚, 𝐿 = 1.5𝑚, 𝑀 = ഥ𝑀 = 2 .

• Simulation Time step = 0.01 sec.

• If 𝑘 is even, then 𝜎1 𝑘 = 𝜎2 𝑘 = 𝑐1

and 𝜎3 𝑘 = 𝜎4 𝑘 = 10 × 𝑐1.

• If 𝑘 is odd , then 𝜎1 𝑘 = 𝜎2 𝑘 = 10 × 𝑐1

and 𝜎3 𝑘 = 𝜎4 𝑘 = 𝑐1.

• 𝑇 = 0.01. Three values of 𝑁 considered, 
𝑁 = 8,5,2.

• Three values of 𝑐1 considered, 𝑐1 = 1, 0.5, 0.1.

• 𝑃
∗

= 0 for all scenario’s except for                  
(𝑁 = 5, 𝑐1 = 0.5). For that pair, 𝑃

∗
= 0.0945.

• (𝑁 = 5, 𝑐1 = 0.5), the optimal triple was 
15𝑚/𝑠, 0.3𝑟𝑎𝑑/𝑠, 2𝑠 .

Parameter Value Variance 

𝑥1(0) 0m 0.001

𝑥2(0) 50m 0.001

𝑥3(0) 275m 0.001

𝑣1(0) 17m/s -

𝑣2(0) 10m/s -

𝑣3(0) -9m/s -

Parameter Maximum Minimum Step size

𝑣1 30 m/s 8m/s 0.5

𝜔1 0.7m/s 0.1rad/s 0.2

𝑡1 10s 2s 0.5
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Simulation Results – Trajectory 
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Conclusion and Future Work

• Conclusion:  
• Stochastic Control problem formulated for Car 1. 
• Probability of collision calculated based on the information available to Car 1.
• Control action by Car 1 minimizing the maximum of the probability of collision 

with other two cars. 
• If Car 1 decided to overtake Car 2 at a farther distance, then probability of 

collision was lower. 
• Multi- Agent problem, solution relies only on probability space constructed by Car 

1.  

• Future Work:
• Incorporate delay in information sharing between the vehicles.
• Study of the problem with different levels of infrastructure (Car – Car 

communication, Car – Satellite – Car communication )
• Current formulation Car 1 cannot return to original lane while overtaking.  If Car 1 

is given the freedom to return to the original lane without overtaking Car 2,  what 
is the optimal time to do so ?

10



Model-Based Systems Engineering Approach 2

2 S. Bansal, F. Alimardani, J. S. Baras, “Model-based Systems Engineering Applied To The Trajectory Planning For Autonomous Vehicles”, to 
appear in Proceedings 2018 IEEE International Symposium on Systems Engineering (ISSE), Rome, Italy, October 2018. 

 

Car passing trajectory

• Passing Decision Evaluation:

P(A): Probability of deciding to pass given that it is feasible to safely pass

P(B): Probability of deciding not to pass given that it is infeasible to safely pass

• Safety Evaluation:

P(C): Probability of safely executing the passing maneuver given that car 1 decides to pass

Car passing problem evaluation metrics
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Car Passing Problem Model (SysML, Logic,  etc.)
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Results: Effect of Collaboration on Measurement 
Uncertainty 
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Effect of collaboration and SD_posn on Safety

Both cars collaborate No collaboration

• 1000 iterations of the model

• Graph shows ratio of crashes 
vs total attempts to pass for 
different uncertainties in 
position measurement

• Ratio of crashes is 
significantly lower when cars 
collaborate

• Increase in uncertainty in 
position increases crashes
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Results: Effect of Collaboration on Measurement 
Uncertainty 

• 1000 iterations of the model

• Graph shows ratio of crashes 
vs total attempts to pass for 
different uncertainties in 
velocity measurement

• Ratio of crashes is 
significantly lower when 
cars collaborate

• Increase in uncertainty in 
velocity increases crashes
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Results: Effect of Collaboration on Measurement 
Uncertainty 

• 1000 iterations of the model

• Graph shows ratio of crashes 
vs total attempts to pass for 
different uncertainties in 
acceleration measurement

• Ratio of crashes is 
significantly lower when 
cars collaborate

• Further investigation 
needed
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Conclusion and Future Work 

• Conclusion:  
• MBSE facilitates managing complexity, making system modular while allowing design 

space exploration and evaluation. 

• A functional architecture of the car passing problem was modelled using SysML.

• Well-defined architecture and interfaces facilitated development and integration of 
modules in MATLAB .

• Use of the model to evaluate different design options was demonstrated. 

• Use of the model to identify emergent behavior was demonstrated. 

• Future Work:
• Incorporate formal metric temporal logic models
• Incorporate reachability analysis
• Incorporate MPC 
• Integrate the above
• Develop Real-Time V&V (via model-checking) using the above and the model 

described
• Add non-commutative probability models and compare

16



Path Planning: Safety and Verification
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Verification for Collision Avoidance 
Controller

18
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Results 
with Noise
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Results 
with Noise
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Path Planning: Spatial and Temporal 
Specifications

21



Path Planning with Space and Temporal 
Logic Constraints

• Problem: How to generate 
trajectory/path based on temporal 
specifications such as ordering, 
repetition, safety?

• State of the art: motion planning with 
temporal constraints without duration, 
such as Linear Temporal Logic (LTL).

• Two methods for timed temporal logics, 
such as Metric Temporal Logic(MTL): 

• An optimization based method8

• A timed-automata based method9

22

8. Y. Zhou, D. Maity and J. S. Baras, “Optimal Mission Planner with Timed Temporal Logic Constraints", Proceedings of 
2015 European Control Conference, Linz, Austria, pp. 759-764, July 15-17,2015.

9. Y. Zhou, D. Maity, and J. S Baras. “Timed automata approach for motion planning using metric interval temporal logic.“, 
accepted to 2016 European Control Conference, Aalborg Denmark, June 29 - July 1, 2016. 

Task: Always visiting 
area a,b,c and stay there 
for at least 2s. Always 
avoiding obstacles



Definition: The syntax of MTL12 (MITL13) formulas
are defined according to the following grammar rules:

𝜙 ∷= ⊤ 𝜋 ¬𝜙 𝜙 ∨ 𝜙 𝜙𝑈𝐼𝜙

where 𝐼 ⊆ 0, ∞ is an interval with end points in ℕ ∪
∞ and the end points have to be distinct. 𝜋 ∈ Π is the

atomic proposition.

More sophisticated MTL (MITL) operators can be
derived using the grammar defined above; such as:
always in 𝐼1 ≡⊥ 𝑈𝐼1

, eventually always ◊𝐼1
□𝐼2

etc.

Metric Temporal Logic (MTL)
and Time Constrained Task

23

12. R. Koymans, “Specifying real-time properties with metric temporal logic,” Real-time systems, vol. 2, no. 4, pp. 255–299, 1990.
13. R. Alur, T. Feder, and T. A. Henzinger, “The benefits of relaxing punctuality,” J. of the ACM (JACM), vol. 43, no. 1, pp. 116–146, 1996.



min
𝑢

𝐽(𝑥 𝑡, 𝑢 , 𝑢(𝑡))

Subject to   𝑥 𝑡 + 1 = 𝑓(𝑡, 𝑥 𝑡 , 𝑢 𝑡 )

𝐱𝑡0
⊨ φ

Remarks:
The task φ may be a finite duration task within an
infinite time horizon task such as surveillance, periodic
tasks etc.

Optimization Based Method

24



A polygon can be represented as intersections of several
half-planes.

The constraint 𝑧𝑖
𝑡 = 1 iff ℎ𝑖

𝑇𝑥 𝑡 ≤ 𝑘𝑖 is enforced by the
linear constraints:

ℎ𝑖
𝑇𝑥 𝑡 ≤ 𝑘𝑖 + 𝑀(1 − 𝑧𝑖

𝑡)
ℎ𝑖

𝑇𝑥 𝑡 ≥ 𝑘𝑖 − 𝑀𝑧𝑖
𝑡 + 𝜖

where 𝑀 is a very large positive number and 𝜖 is a very
small positive number, and 𝑧𝑖

𝑡 ∈ {0,1}.

Let 𝒫 =∩𝑖=1
𝑛 𝐻𝑖 be a polygon with 𝐻𝑖 = 𝑥 ℎ𝑖

𝑇𝑥 ≤ 𝑘𝑖}.
Define 𝑃𝑡

𝒫 = ∧𝑖=1
𝑛 𝑧𝑖

𝑡, then 𝑃𝑡
𝒫 = 1 iff 𝑥 𝑡 ∈ 𝒫.

From MTL Constraints to Linear 
Constraints

(1)

25



𝑥𝑡 ⊨ 𝒫 iff 𝑥 𝑡 ∈ 𝒫 is equivalent to 𝑃𝑡
𝒫 = 1.

The linear-integer constraints equivalent to 𝑃𝑡
𝒫 = 1

are given in (1)

Negation Operator:
𝜑 = ¬𝑝:       𝑃𝑡

𝜑
= 1 − 𝑃𝑡

𝑝

MTL Rules as Linear Constraints

26



Conjunction Operator:
𝜑 =∧𝑖=1

𝑚 𝑝𝑖 :    𝑃𝑡
𝜑

≤ 𝑃𝑡
𝑝𝑖,    𝑖 = 1, ⋯ , 𝑚

𝑃𝑡
𝜑

≥ 1 − 𝑚 + 

𝑖=1

𝑚

𝑃𝑡
𝑝𝑖 .

Disjunction Operator:
𝜑 =∨𝑖=1

𝑚 𝑝𝑖 :    𝑃𝑡
𝜑

≥ 𝑃𝑡
𝑝𝑖,    𝑖 = 1, ⋯ , 𝑚

𝑃𝑡
𝜑

≤ 

𝑖=1

𝑚

𝑃𝑡
𝑝𝑖 .

MTL Rules as Linear Constraints 
(Cont.)

27



Let 𝑡 ∈ {0,1, ⋯ , 𝑁 − 𝑡2}, 𝑁 is the total time horizon for 
planning.

Eventually within 𝑡1, 𝑡2 : 𝜑 =◊ 𝑡1,𝑡2
𝑝 :        

𝑃𝑡
𝜑

≥ 𝑃𝜏
𝑝,     𝜏 ∈ {𝑡 + 𝑡1, ⋯ , 𝑡 + 𝑡2}

𝑃𝑡
𝜑

≤ σ
𝜏=𝑡+𝑡1

𝑡+𝑡2 𝑃𝜏
𝑝.

Always within 𝑡1, 𝑡2 : 𝜑 = □ 𝑡1,𝑡2
𝑝

𝑃𝑡
𝜑

≤ 𝑃𝜏
𝑝,     𝜏 ∈ {𝑡 + 𝑡1, ⋯ , 𝑡 + 𝑡2}

𝑃𝑡
𝜑

≥ σ
𝜏=𝑡+𝑡1

𝑡+𝑡2 𝑃𝜏
𝑝

+ t1 − t2.

MTL Rules as Linear Constraints 
(Cont.)

28



Until within 𝑡1, 𝑡2 : 𝜑 = 𝑝𝑈 𝑡1,𝑡2
𝑞

𝑗 ∈ 𝑡 + 𝑡1, ⋯ , 𝑡 + 𝑡2

𝑎𝑡𝑗 ≤ 𝑃𝑗
𝑞, 

𝑎𝑡𝑗 ≤ 𝑃𝑘
𝑝,     𝑘 ∈ {𝑡, ⋯ , 𝑗 − 1},   

𝑎𝑡𝑗 ≥ 𝑃𝑗
𝑞

+ σ𝑘=𝑡
𝑗−1

𝑃𝑘
𝑝

+ 𝑡 − 𝑗 ,

𝑃𝑡
𝜑

≤ σ𝑗=𝑡+𝑡1

𝑡+𝑡2 𝑎𝑡𝑗,
𝑃𝑡

𝜑
≥ 𝑎𝑡𝑗, 

MTL Rules as Linear Constraints 
(Cont.)

29



min
𝑢,𝑧0,…,𝑧𝑁∈ 0,1 𝑝

𝐽(𝑥 𝑡, 𝑢 , 𝑢(𝑡))

Subject to 𝑥 𝑡 + 1 = 𝑓(𝑡, 𝑥 𝑡 , 𝑢 𝑡 )

𝐿 𝑥 𝑡 , 𝑧𝑡 , 𝑡 ≤ 0 ∀𝑡 ∈ 0, 𝑁

The timed temporal constraint 𝐱𝐭𝟎
⊨ 𝝋 can been converted into

the linear and integer constraints.

Remark:
If 𝐽(⋅,⋅) 𝑓 . , . , . are linear functions of 𝑥(𝑡) and

𝑢(𝑡) , then entire problem will be a Mixed-Integer
Linear Optimization Problem.

Modification of Original Problem 
into MILP

30



Results and Discussion

• Task:
– The specification 

requires the 
autonomous vehicle to 
eventually visit area 
‘a’, ‘b’, and ‘c’, and 
stay there for at least 
2 time units, while 
avoiding obstacles.

The grey boxes represent fixed 
obstacles, while the blue one is a moving 

obstacle with fixed speed.
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Results and Discussion

• Specification in MTL

• The resulting 
trajectory for the 
linearized quadrotor 
dynamics, projected in 
2D.

2D projection of the trajectory of the 
quadrotor satisfying the task.
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Results and Discussion

• Specification in MTL

• 3D Trajectory
– The trajectory avoids 

the obstacle region in 
time and space
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Results and Discussion

• If ordering between area A 
and area B is restricted, 
for example, area A has to 
be visited first, the 
modified specification in 
MITL will be the following

• 3D Trajectory from two 
different points of view is 
shown in right.
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Another Example

• Time critical search and rescue mission
• Two quadrotors need to evacuate two objects

• Workspace is a 10 sq. meter constrained area

• The only access is through a window “E”

• Certain areas of interest are marked
• Task represented by MTL specification

• Robots must satisfy finite time constraints

• Robots must avoid obstacle “O”

• For example: Task for quadrotor “q1”
•
• “q1” has priority over “q2”

• i.e., “q2” has to wait for “q1” to pass through the window 
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Quadrotor dynamics

• Hybrid model for the quadrotor
• Five different linear modes

• Take off
• Land
• Hover
• Steer
• Grasp

• Linearization about different operating points

• Grasp mode dynamics
• Under two realistic assumptions:

• Reliable touchdown on the object
• Instantaneous object grasp upon touchdown

• Grasp mode is represented as combination of:
• Hover (H1) and
• Land (L1) and
• Take off (TO1) modes

36



Problem formulation and solution approach

37

• Problem 1 is the general optimal control formulation 
with nonlinear dynamics.

• However, since the quadrotor modes are linear we 
can simplify and rewrite Problem 1 with linear 
dynamics as Problem 2.

• We then divide the mission into several sub-tasks by 
exploiting the invariant nature of various task 
specifications i.e., the mutual independence of safety 
and timing constraints along the way, and the 
different modes (i.e., dynamics) of the robot 
coreesponding to each sub-task.

• Thus, instead of solving an optimization problem for 
the complete mission specification phi, we break 
down the problem into smaller optimization problems 
for each sub-task “phis, as in Problem 3.



Problem formulation and solution approach 

38

• Based on methods presented in [1] and [2], we 
translate the MTL sub-task specifications to a set of 
mixed integer linear constraints.

• Thus, Problem 3 converts to an optimal control 
problem in discrete time with linear cost and linear 
constraints i.e., a Mixed Integer Linear Program 
(MILP).

• This set of smaller optimization problems can be 
solved efficiently with a solver such as YALMIP-CPLEX 
and MALTLAB.

• Worst case complexity of this MILP is exponential in 
terms of the Boolean variables (i.e., the number of 
halfspaces needed to represent the MTL formula) and 
the discrete time horizon or the number of iterations.

• Thus, the decomposition of      is intuitive.

and so on..

[1] Karaman et. al, Optimal control of mixed logical dynamical systems with linear temporal logic specifications, CDC’08
[2] Zhou et. al, Optimal mission planner with timed temporal logic constraints, ECC’15



Simulation and results

39

Sub-tasks for “q1” Sub-tasks for “q2”

• The resulting composed trajectories for the sub-tasks.

• N = 30, and rate of discretization is 5 Hz.

• Both “q1” and “q2” in the workspace simultaneously. 

• The Hover and Steer altitude is set to 1.5 m.

• The number of circular rings at “D” represent the 
number of time units spent by “q2” while waiting in 
Hover mode.

• The two quadrotors satisfy the finite timing 
constraints for the task and avoid the obstacle “O”.



Current and Future Work
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Connected Cars

41



Connected Cars: Effects of Communications --
Cognitive and Collaborative

Key Challenge: Humans
We are developing novel frameworks to 
include humans in this collaborative 
networked CPS environment

42



Vehicle Distribution and Routing in 
Large Automated Transportation 

Networks

• Autonomous vehicles (driverless) small-to-moderate size

• Dedicated pathway networks (dynamically planned), with on-line or off-
line stations

• Varying complexity: vehicle size, system capacity, network density, 

• Routes are fixed or variable, selected at the time of trip request, or 
dynamically selected as vehicles progress through the network 

• Large ATN network: a dense network of hundreds of miles of connected 
guideways, joining as many as a hundred stations, with thousands of 
vehicles

• Strategic problem: distributing and routing the vehicles
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Motivation: Joint work with Alan Pue



Motivation: Test Example from my work with Pue



Approach – Longitudinal control

Two approaches

• First – point following: assigns each vehicle to a moving cell, cells 
propagated at predetermined velocities and spacings

• Second – vehicle following: vehicles communicate motion 
coordinated with neighbors

• Special case we use: vehicle follows immediate predecessor

GOALS:

• Formulate problem as a control problem, including routing and 
traffic assignment

• Emphasize distributed and local algorithms

• Models vehicle flows and formulate performance index based on 
total, time averaged, travel time

• We get a problem with convex cost , nonconvex constraints

46



Duality decomposition

• Apply duality – decouples overall network dynamics into vehicle 
type (origin destination pair) subnetworks

• Triangular structure of subnetwork dynamics allows distributed 
control computation to solve the dual problem

• Upper level coordination control (localized to each link) is used to 
satisfy the interconnection constraint (sum of vehicle type 
densities equals total vehicle density on the link)

• Investigate convergence

• Develop efficient and faster suboptimal algorithms

47



• Application to cell transmission model (CTM) for freways and urban 
situations

• Signalized intersections – green wave constraints – comparison to 
max pressure

• Integration of intersection signaling (or access control signaling) and 
routing via back pressure principles

• Improvements on backpressure via hyperbolic embedding

• Effects of cooperative control – learning to cooperate

• Multimode traffic

• Dynamic Scheduling

• On-line estimation (or learning) of fundamental flow functions

• Resilience – fault and accident recovery algorithms

Specific Problem Details
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MODEL-BASED SYSTEMS ENGINEERING

WORKFLOW

49

Iterate to Find a Feasible Solution /  Change as needed

Define
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Model
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Perform
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Create

Sequential
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Test Plan
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Map behavior 
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Allocate 

Requirements

Generate
derivative

requirements
metrics

Model- - based

UML - SysML - GME - eMFLON

Rapsody

UPPAAL

Artist Tools

MATLAB, MAPLE

Modelica / Dymola

DOORS, etc

CONSOL-OPTCAD

CPLEX, ILOG SOLVER,

Integrated System Synthesis   Tools -

& Environments missing 
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Allocate 

Requirements

Iterate to Find a Feasible Solution /  Change as needed

Define
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Effectiveness
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Create

Behavior

Model

Assess

Available

Information

Create

Structure

Model

Specifications

Perform

Trade-Off

Analysis

Create

Sequential
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Test Plan

Change structure/behavior model as needed

Map behavior 

onto structure

Allocate 

Requirements

Integrated Multiple 
Views is Hard !

Model - Based
Information - Centric
Abstractions

SIEMENS, PLM, NX, TEAM CENTER



The Challenge & Need:
Develop scalable holistic methods, models and tools for 
enterprise level system engineering   

ADD & INTEGRATE
• Multiple domain modeling tools
• Tradeoff Tools (MCO & CP)
• Validation / Verification Tools   
• Databases and Libraries of annotated 

component models from all disciplines

BENEFITS 
• Broader Exploration 

of the design space
• Modularity, re-use 
• Increased flexibility, 

adaptability, agility
• Engineering tools 

allowing conceptual 
design, leading to full 
product models and 
easy modifications

• Automated 
validation/verification

Integration of Design Space Exploration                                                             
Tools with SysML− Integrated Models

Multi-domain Model Integration         System Modeling Transformations
via System Architecture Model (SysML) 

APPLICATIONS
• Avionics
• Automotive
• Robotics
• Smart Buildings
• Power Grid
• Health care
• Telecomm and WSN
• Smart PDAs
• Smart Manufacturing   

“ Master System Model”

ILOG SOLVER, 
CPLEX, CONSOL-

OPTCAD

DB of system 
components 
and models

Update System 
Model Tradeoff parameters
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Requirements Engineering

• How to represent requirements?
• Automata, Timed-Automata, Timed Petri-Nets

• Dependence-Influence graphs for traceability

• Set-valued systems, reachability, … for the continuous parts

• Constraint – rule consistency across resolution levels

• How to automatically allocate requirements to components?

• How to automatically check requirements?
• Approach: Integrate contract-based design, model-checking, automatic 

theorem proving

• How to integrate automatic and experimental verification?

• How to do V&V at various granularities and progressively as the design 
proceeds – not at the end?

• The front-end challenge: Make it easy to the broad engineering user? 
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Contract-Based 
Requirements Engineering
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Thank you!

baras@isr.umd.edu
301-405-6606

http://www.isr.umd.edu/~baras

Questions?

http://www.isr.umd.edu/~baras
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