
INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019                      ISSN 2277-8616 

 

1394 
IJSTR©2019 
www.ijstr.org 

Availability And Profit Analysis Of Two Unit Model  

With Conditions On Demand Variation 
 

Dr Reena Garg 
 

Abstract:This paper analyses the reliability and profit of a system with variation in demand. The variation in demand affects the 
production of a system, hence when production is greater than demand then system needs to be shut down and when demand 
suddenly increase then lots of production kept in stock is utilised. The termsavailability, expected down time, mean time to 
system failure(MTSF),expected busy period for repairman have been obtained by using RPGT and Semi Markov process. 
Graphical study has been made to draw conclusions of the system. 
 
Index Terms : Regenerative Technique,Semi Markov process, Variation in Demand, Cost Benefit Analysis. 

———————————————————— 

 

1. INTRODUCTION 
The needs of modern society and industries are racing 
against each other, with the development of science and 
technologybut now question arises how reliable they are. 
The central focus is to analysis reliability in terms of 
availability, MTSF, busyperiod, expected no. of repairman. 
Many researcher‘sanalysis the reliability by different-
different technique but in this paper, we have applied RPGT 
technique to evaluate reliability. The reliability analysis was 
discussed by few researchers. Malik S.C;Chand, P. and 
Singh Jai[1]discussed about ―Reliability and profit 
evaluation of an operating system with different repair 
strategy subject to degradation‖, Kumar Suresh[2] 
discussed about‗comparison of profit of a two unit cold 
standby system with instruction time‘, Taneja 
Gulshan,Malhotra Reetu,Ashok Chitkara[3]discussed about 
comparative profit analysis of two reliability models with 
varying demand‖, Taneja Gulshan ,Malhotra Reetu [4] 
discussed about ―reliability modelling of a cable 
manufacturing plant with variation in demand‖,Goel 
Pradeep[5] discussed about ―cost benefit and availability 
analysis of two modules with perfective 
maintenance‖,V.K.Gupta[6] discussed about ―Analysis of a 
single unit shock model by using regenerative point 
graphical technique‖and Chander,S., & Bansal, 
R.K.[7]discussed about ―profit analysis of a single unit  
reliability models with repair at different failure modes‖. 
 
Assumptions of the Model 
 

 All the random variables are independent. 

 The failure rate exponentially distributed, and 
repair rate distribution are arbitrary. 

 RPGT and Semi Markov process used. 
 As soon as unit fails, it is undertaken for repair. 
 All the distributions of failure and repair time are 

exponential. 
 Nothing can work when system is in failed state. 

Notations 
Opd≥p  : Unit is in operative state when demand is not less 
than production. 
\Opd≤p   : Unit is in operative state when demand is less 
than production. 
D   : Unit is in down unit (having no demand). 
λ  : Failure rate of the operative unit. 
d1    : Rate of decrease of demand so as to become less 
than production. 
d2       : Rate of increase of demand so as to become greater 
than production. 
d3      : Rate of going from upstate to downstate (reason 
behind this is that the demand is less than production & 
production goes on increasing and as a result we have lot 
of produces in the stock. This production needs to be 
stopped. 
d4        : Rate of change of state from down to up when there 
is no produce with the system and demand is there. 
Fr  : Failed unit under repair. 
p   : Probability that during the repair time demand is 
greater than or equal to production. 
qij(t)  : p.d.f. of first passage time from a regenerative state i 
to a regenerative state j. 
g(t), G(t) :  p.d.f. and c.d.f. of repair time for the unit. 

 
State Transition Diagram 
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Fig.-1 

 
Evaluation of Reliability Parameters 
The key parameters of the system are calculated by finding 
the ‗base-state‘ and applying RPGT. The MTSF is 
determined w. r. t. the initial state ‗0‘ and the other 
parameters are obtained by using base-state. 

Table : 
 
Vertex i Primary Circuit SecondaryCircuit Tertiary 

Circuit 

            
0 

(0,1,0),(0,2,0) (1,4,1) Nil 

            
1 

(1,0,1),(1,4,1) (0,2,0) Nil 

            
2 

(2,0,2) (0,1,0) (1,4,1) 

            
3 

(3,0,1,3) (0,2,0),(1,4,1) Nil 

            
4 

(4,1,4) (1,0,1) (0,2,0) 

 
 

Transition Probabilities 
qij(t)  Probabilitydensity function from a 
regenerative state i to j. 
pij(t)  steady state transition probability from a 
regenerative state i to j. 
The non-zero elements pij = qij∗(0) are: 
  p01= d1 / (λ+d1) 

              p02= λ / (λ+d1)  
              p10= d2 / (λ+d2+ d3) 
              p13= d3 / (λ+d2+ d3)  
              p14 = λ/ (λ+d2+ d3) 
              p30 = 1 
             p41 = 1 

p01+p02=1 
P10+p13+p14=1 
Mean Sojourn Time(µi) 

µ0 = 1 / (λ+d1) 
 µ1 = 1 / (λ+d2+ d3) 
 µ2 = - g*‘ (0) = 1/β 
 µ3 =1/ d4 

 µ4 = - g*‘ (0) = 1/ β 
 where―‘‖ denotes derivative. 
 

State Transition Probability 
The transition probability factors for all the states 
reachable from the base state ‗0‘ are: 
𝑉0,0=[(0,1,0) + (0,2,0) /1-{(0,1,0)-
(0,2,0)}]=[p0,1p1,0+p0,2p2,0/1-{p0,1p1,0+p0,2p2,0}] 
𝑉0,1 = (0,1) = 𝑝0,1 
𝑉0,2 = (0,2)=  𝑝0,2 

𝑉0,3 = [(0,1,3) /{1-(0,1,0)}] =[𝑝0,1𝑝1,3/{1-p0,1p1,0 }] 
𝑉0,4 = [(0,1,4) /{1-(1,4,1)}] = [𝑝0,1𝑝1,4/{1-p1,4p4,1 }] 

 
(a)Mean Time to System Failure(T0) 
It represents the regenerative un-failed states to 
which the system can travel from the base state 
before entering any failed state. As per given Fig.1 

For ‗𝜃‘ = ‗0‘, MTSF is calculated by:  
MTSF= [∑ { {𝑝𝑟(𝜃𝑠𝑟(𝑠𝑓𝑓) → 𝑥)}.𝜇𝑥/∏𝑚 

{1−𝑉𝑚  𝑚 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ } 1≠𝜃 } 𝑥,𝑠𝑟 ] ÷ [1 − ∑ { {𝑝𝑟(𝜃𝑠𝑟(𝑠𝑓𝑓) → 

𝜃)}/∏𝑚 {1−𝑉𝑚  𝑚 ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ } 2≠𝜃 } 𝑠𝑟 ]  
𝑇0 = [(0, 0) 𝜇0+(0, 1) 𝜇1 + (0,2)𝜇2]÷ ([1–(𝐿1+𝐿2)])= 
N/D  

Where, 𝐿1=(0, 1, 0)=𝑝0,1𝑝1,0 𝐿2=(0, 2, 0)= 
𝑝0,2𝑝2,0, 
N = (0, 0) 𝜇0+(0, 1) 𝜇1 + (0,2)𝜇2 

D = [1–(𝐿1+𝐿2)] 
 
 
 
(b)Availability of the software system 
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It represents the regenerative states, at which the software 
system is available. As per given Fig.1 

For ‗𝜃‘ = ‗0‘, the total duration for which the system 
is available is given by: 
𝐴0 = [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑦)}𝑓𝑦.𝜇𝑦/∏ {1−𝑉𝑚1,𝑚1 𝑚 } 

1≠𝜃𝑦,𝑠 } 𝑟 ] ’ [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑥)}.𝜇𝑥
 1 

/∏ {1−𝑉𝑚2,𝑚2 
𝑚 } 2≠𝜃𝑥,𝑠 } 𝑟 ]  
𝐴0 = [∑𝑦𝑉𝜃, . 𝑓𝑦. 𝜇𝑦 ] ’ [∑ 𝑉𝜃,𝑥𝑥 . 𝜇𝑥

1
 ] 

= [𝑉0,0 . 𝑓0 .𝜇0 + 𝑉0,1 .𝑓1 .𝜇1 + 𝑉0,2 .𝑓2. 𝜇2] ÷ 
[𝑉0,0𝜇0 

1
 + 𝑉0,1𝜇1 

1
 + 𝑉0,2𝜇2

 1
 + 𝑉0,3𝜇3 

1
 + 

𝑉0,4𝜇4 
1
] 

 
(c)Busy period of the Repairman 
It represents the regenerative states where repairman is 
busy while doing repairs. As per given Fig.1 

For ‗𝜃‘ = ‗0‘, the total duration for which the 
repairman is busy is given by: 

𝐵0= [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑦)}.𝜂𝑦/ ∏ {1−𝑉𝑚1,𝑚1 𝑚 } 
1≠𝜃𝑦,𝑠 } 𝑟 ] ’ [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑥)}.𝜇𝑥

 1
/∏ {1−𝑉𝑚2,𝑚2 

𝑚 } 2≠𝜃𝑥,𝑠 } 𝑟 ]  
𝐵0= [∑𝑦𝑉𝜃, . 𝜂𝑦 ] ’ [∑ 𝑉𝜃,𝑥𝑥 . 𝜇𝑥

1
 ] 

𝐵0= [𝑉0,1 .𝜂1 + 𝑉0,2. 𝜂2 + 𝑉0,3. 𝜂3 + 𝑉0,4. 𝜂4 ] ÷ 
[𝑉0,0𝜇0

1
 + 𝑉0,1𝜇1

1
 + 𝑉0,2𝜇2

1
 + 𝑉0,3𝜇3

1
 + 𝑉0,4𝜇4

1
] 

 
(d)Expected number of Repairman’s visits 
It represents the regenerative states where the repairman 
visits for repairs of the system. As per given Fig.1 

𝑉0 = [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑦)}/ ∏ {1−𝑉𝑚1,𝑚1 𝑚 } 1≠𝜃𝑦,𝑠 } 
𝑟 ] ’ [∑ { {𝑝𝑟(𝜃𝑠𝑟 → 𝑥)}.𝜇𝑥

 1
/∏ {1−𝑉𝑚2,𝑚2 𝑚 } 

2≠𝜃𝑥,𝑠 } 𝑟] 

𝑉0 = [∑𝑦𝑉𝜃, ] ’ [∑ 𝑉𝜃,𝑥𝑥 . 𝜇𝑥1 ] 
    = (𝑉0,1 + 𝑉0,2) ÷ [𝑉0,0𝜇0

 1 
+ 𝑉0,1𝜇1

1
 + 𝑉0,2𝜇2 

1+𝑉0,3𝜇3
1
 + 𝑉0,4𝜇4

1
] 

 
(e)Expected down time 
In steady state , the total fraction of the time for which the 
system is in down state. As per given Fig.1 

For ‗𝜃‘ = ‗0‘, the expected down time is: 
DT0=[P01P13µ3]÷ [𝑉0,0𝜇0

 1 
+ 𝑉0,1𝜇1

1
 + 𝑉0,2𝜇

2
 

1+𝑉0,3𝜇3
1
 + 𝑉0,4𝜇4

1
] 

 
Cost-Benefit Analysis Profit (P0) 

P0 =P1 A0 -P2 B0 -P3 V0 -P4 DT0 
where 
P0 = Revenue per unit up time when demand is 
greater than or equal to production. 
P1= Revenue per unit up time when demand is less 
than or equal to production. 
P2 = Cost per unit up time for engaging the 
repairman for repair. 
P3 = Cost per visit of the repairman. 
P4 = Loss per unit time during the system remains 
down. 

 
Special case 

The rate of failure/repair assumed to be 
exponentially distributed. 
let g(t)= β exp(-βt) 
g*‘ (0) = -1/β and d1=.005, d2=1,d3=.1,d4=2 
P1=1000,P2=200,P3=100,P4=100 

 
Graphical discussion 
 

Failure Rate(λ) Availability(A0) 

0.2 0.99943045 

0.3 0.99929036 

0.4 0.999170 

0.5 0.99906 

0.6 0.998971 

0.7 0.998889 

0.8 0.998815 

0.9 0.99875 

1 0.998689 
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                                                                            Fig.2 

 
 

 
Failure Rate(λ) Profit(P0) 

0.2 998.75 

0.3 998.675 

0.4 998.5883 

0.5 998.50 

0.6 998.42 

0.7 998.35 

0.8 998.282 

0.9 998.222 

1 998.1646 

 

 
                                                               Fig.3 
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CONCLUSION :  
From the Tables and graphs, we see that, Availability and 
profit of the System is increasing, as the Repair Rate 
increases and decreases with increase in failure rate. In 
future, comparative study between various parameters can 
be evaluated with variation of Repair rate and Failure rates. 
Results obtained can be used for cost and benefit analysis. 
Any state can be taken as the Base-state to evaluate the 
various parameters. Graphs can be plotted, and then 
various conclusions can be drawn which will be very useful 
in taking various decisions beneficial to the company. 
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