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Abstract 

MRDDV model is a regression based approach to model the unexpected events.  In this 

paper, we use the MRDDV model as the covariate effect in the covariate induced processes. 

So far, most of the failure and survivability models used are designed under the static 

environment that does not provide the appropriate result to find out the risk factor as the 

experiments are done inside the laboratory environment in case of the static environment. So 

we have tried to analyze the hazard functions of the failure models that operate in the 

dynamic environment as appropriate result can be expected as the experiments are done in 

the operating conditions. Basically, in this paper, we have graphically represented the 

traditional MRDDV model along with other hazard functions and study how those models 

behave and analyze how they differ from each other and how they show similarity. MRDDV 

model provides a practical method to compute survival functions based on covariate 

processes. 
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1. Introduction 

Hazard is a situation where there is threat of being destroyed or damaged of property, life or 

anything that has some values. There are several hazard models published in the literature 

[5]. The failure of a system depends not only on the intrinsic characters of the system itself 

but also the external environments under which the system operates. Most of the failure 

models that are in use these days are developed on the basis that the operating environments 

of the systems is static. In [6], the author surveys some of the failure models that have their 

emphasis on dynamic operating environment as more reliable models. Traditionally the 

failure models are tested under the controlled environment of the laboratory environment that 

never gives the actual result that is supposed to be the real life result. In this research, we are 

interested in models that address unpredictable events. The ARMS (Ad-hoc Risk 

Management System) proposed in [1] is supposed to be beneficial to design a system that 

alerts the risky or the disastrous events such as terror attack and abrupt stock market 

fluctuation to mention a few. The most important issue in the ARMS is the timing when to 

watch and warn against the risk. The MRDDV model [7], basically, applies the multiple 

regression method which runs between the quantitative independent variable and the 

qualitative independent but not dummy variable. It also uses dependent dummy variable 

technique to set the criterion of risk state and the concept of Ordinary Least Square (OLS) to 

estimate its parameters [2, 3, 4]. 

In [7], the author reviews survival functions based on covariate processes. They depend on 

the hazard rate  which is a function of several variables parameterized by time variable. A 

major huddle in using those models is the ability to compute. In this paper, we examine the 

use of the MRDDV model as the hazard rate with covariate process oriented survival models 



and their effects. We have used the MRDDV model [7] in different hazard functions to study 

the analysis of the different failure models, on the basis of how the hazard models behave, 

how they are similar to each other and how they differ from each other. The above is an 

objective of this research to study the applicability of the MRDDV equation as the covariate 

in the survival models. All the hazard models along with the MRDDV model have been 

tested and graphically represented to study their behaviors and make the inferences from that. 

 

2. Literature Review 

The literature in [6] has given some failure models with the hazard function with the 

operating environment dynamic. The failure models with the dynamic operating environment 

predict the hazard accurately than the model with the static operating environment because 

the dynamic model considers all the components that can affect the system whereas the static 

model operates only in the laboratory environment. In this paper, we have tried to analyze the 

failure model of the system in dynamic environment. 

There are basically four strategies for the failure models on the basis of stochastic process 

[6]. In the first strategy, the item state is described by a diffusion process that may be either 

Wiener process (gamma process) or a deterministic diffusion. Diffusion process refers to the 

stochastic process having continuous sample paths. In the second strategy, the failure rate is 

described by the stochastic process: typically gamma process. The third strategy focuses on 

describing damage causing the environment by a stochastic process: typically Poisson 

process. In the fourth strategy, response variable, strongly correlated with the life length, is 

described by a stochastic process: typically stationary, continuous-time Gaussian process.   



The distinguishing feature of the models in [6] is the fundamental theme that drives their 

development: they are derived by considering stochastic processes that are presumed to 

describe the failure generating mechanisms. As dynamic environment is the basic cause for 

the failure, the stochastic methods of failure modeling provide flexibility with respect to 

describing the failure generating mechanisms. This flexibility results in a better description 

of the failure data and an improved assessment of item survivability. It is always better to 

propose a particular form of stochastic process for an observable entity like covariate than for 

an unobservable entity such as failure rate. The covariates that are used in the Cameron-

Martin model are supposed to be time varying which are described by the Brownian motion 

where as the covariates are described by the random walk in random walk model. The 

Cameron-Martin model always helps to compute the characteristic function of the definite 

integral of the Brownian motion process whereas the random walk model helps to analyze 

the life time data using the dynamic linear model technology statistically [6].  

Risk management systems are introduced in the fields too sensitive to tolerate risks that 

might result in severe disaster. There are several example scenarios to which a risk 

management system could be applied to forecast and avoid disaster.  One such example is the 

field of terrorism. Paper [1] proposed a statistical model for forecasting abnormal spikes in a 

data space. Based on the statistical model, an Ad-hoc Risk Management System (ARMS) 

was also proposed. The basic aspect of risk analysis is constructing the model to estimate or 

forecast events in related environment. 

For m-dimensional covariate vector Zs at time s, if  (s, Zs,  (s)) is the instantaneous hazard 

 (s) be the parameter function and survival function of T with covariate path Zs = zs for 

t t0, then,  the Cameron-Martin formula in [6] will be 
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It is often impossible to track the covariates over the time in case of clinical trials, so we 

cannot obtain zs at s 0. In this case, we only observe z0 which is the value of Zs at t0 when 

the trial is commenced. In this case, the survival function will be 

R(t|t0,zs,  (s)) = E(exp(- 
t
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If B is a matrix, C is a vector and d is a constant, the quadratic hazard model in [6] will be  

dZCBZZs sss  *2*)(  

where Z* is the transpose of a vector Z. 

In case of random walk model in [6], if Z = (Z1,Z2,…..,Zp) be a row vector with p covariate 

values influencing the instantaneous hazards of T at time s, by 

 (s,Zs,  (s)) = exp(Z*  (s)) 

where Z* = (1,Z),  (s) is a (p+1) vector of parameters of the form ' (s) = ( ),(),( 10 ss  .. 

…. )(sp and )(0 s  = ln 0 where  0 is baseline hazard (cf.Cox, 1972).  

In [7], dependent variable is set as a dummy variable. Assume, for example, simple linear 

regression model with dependent dummy variable as follows; 

iii xy   110  

where x stands for personal income (value), and y stands for insurance contract. The value of 

y is either 0 (for no insurance) or 1 (for insurance). 

The expected response is such that; 

iii pxyE  10)( 
 

where pi is the probability for yi = 1. 



As shown above, the expected response with respect to dependent dummy variables 

represents the probability of occurrence. That means, in this example that the probability of 

insurance or no insurance is changing according to the increase or decrease of personal 

income. The importance of dummy variable is that we can get the outcome such as 0 or 1 and 

success or failure etc. 

 

3. Theoretical Model 

In order to do the analysis of the different hazard function models, we have basically 

implemented the MRDDV model in three hazard models; Quadratic Hazard form, Cameron-

Martin formula and the Random walk model. Let us suppose that the hazard function can be 

replaced by the MRDDV model, then, 

 (s ,Zs ,β(s)) = ii XX 22110 *ˆ*ˆ ˆ     = iŷ                                                                        (1)   

Then the models that we have considered in this paper will be as follows:           

i) CM formula:  

If  (s, Zs,  (s)) is the instantaneous hazard at time s,  (s) be the parameter function and 

survival function of T with covariate path Zs = zs for t t0, then,  the Cameron-Martin formula 

will be 
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It should be taken into consideration that the above formula is valid if and only if the 

covariate vector Zs is “external covariate”, Kalbfleisch and Prentice (1980, page 123). 

Applying MRDDV model, the survival function becomes 
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Here in our assumption (t – t0) is always constant with value 1, then, 

)ˆexp()( sysR                                                                                                                       (3)              

where, sss xbxbby 22110
ˆ  ; ib ’s are estimator of parameter i ’s; s is time 

ii) Quadratic form:  

The quadratic hazard function can be represented as  

)(s  Zs* B Zs + 2 C * Zs + d         (4) 

where B, C, and d are parametric constants with B, C and d being unity. Then, 
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So the survival function becomes 
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where, sss xbxbby 22110
ˆ  ; ib ’s are estimator of parameter i ’s; s is time 

iii) Random Walk: 

The Random walk hazard function can be represented as 

 (s,Zs,  (s)) = exp( Z*  (s))         (5) 



where  (s) is the regression parameter. Let us assume its value be unity.Then, the survival 

function becomes 
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4. Graphical Analysis of the Models 

In this section, we analyze the use of MRDDV model to compute survival functions. The 

approach followed is to compute the values of survival functions at discrete time points. The 

theoretical model presented in the previous section provides an aspect of ad-hoc risk 

management system by using MRDDV model as follows:  

iiii exxy  22110  ,    1,0iy  

where, i : number of observations; iy : risk function with response 0 or 1; ie : error 

ix1 : quantitative variable; ix2 : qualitative variable; i : coefficient of each variable 

The other three models that are to be graphically represented in order to analyze the failure 

models are disucssed in the previous section are 



CM formula:   )ˆexp( sysR   

Quadratic form: ))1ˆ*2ˆ(exp()(
2

 ss yysR  

Random Walk:   ))ˆexp(exp( sysR   

In this section, the analytic models presented in the previous section provide a basic 

understanding of the performance impact of MRDDV Model by three different hazard 

functions i)CM(Cameron-Martin) formula, ii) Quadratic form, and iii) Random Walk 

respectively shown in figures in appendix..  

In our study, we used industrial data sets Dow Jones Index (from Jan. 2007 to Apr. 2007, 

basis: daily). We use daily closing price of given data set as the stochastic process.  

Figure 1. shows the historical data of Dow Jones Index and Figure.2 shows the estimated 

value ( ŷ ) of MRDDV Model. And Figure.3 shows the three different type of hazard 

function in one space. Figure.4 to 6 shown in the appendix are hazard functions for the 

MRDDV Model. All graphs are generated by using MATLAB. Figure.4 shows the hazard 

function with quadratic form, and Figure.5 shows the hazard function with CM formula, and 

Figure.6 shows the hazard function with random walk. Quadratic hazard function tends to get 

more amplitude of vibration than CM formula and random walk. With the reference of the 

graphs from the appendix, we can say that Quadratic hazard function, CM formula and 

random walk behave similar to each other and seem like the reflection of MRDDV model. 

Quadratic, CM formula and random walk models are identical to each other in shape and 

vary only in their amplitude of vibration. This simulation result reveals the hypothesis that 

there is no difference between the type of hazard function in shape and amplitude of 

vibration, is rejected. 

 



5. Conclusion 

In this paper, we examine the use of the MRDDV model as the hazard rate with covariate 

process oriented survival models and their effects. To analyze the hazard function behavior, 

we implemented the MRDDV model in three different types of hazard model: i) Quadratic 

Hazard form, ii) CM (Cameron-Martin) formula, and iii) the Random Walk model.  

We compute the survival function )(sR by using three different types of hazard function 

through MRDDV model. We visualize each survival function by using Matlab plotting 

function. We use publicly available data for this experimentation. Results are presented 

by graphs individually and, either, all in one graph for comparison. From the results of 

the experimental simulation in this study, the conclusion is that, the hypothesis that there 

is no difference between the types of hazard function in shape and amplitude of vibration 

is rejected. But, among these four hazard function models including MRDDV model, 

MRDDV model shows the smallest range of amplitude of vibration that is considered to 

be effective and efficient in predicting a risky events. 

In the future, we will propose a new hazard function to investigate MRDDV model, to study 

the effect of survival function in the practical applications. 
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Appendix 

 

Figure 1. Historical data of Dow Jones Index. 

 

  

Figure 2. Estimation of MRDDV. 

 



 

Figure 3. Comparison of three different type of hazard function 

 

 
 

Figure 4. Hazard function with quadratic form 



 

Figure 5. Hazard function with CM formula 

 

 

Figure 6. Hazard function with random walk 

 


