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ABSTRACT 
According to Systems-Theoretic Accident Model and Processes (STAMP), the interactions 
among the system components and the necessary constraints that must be fulfilled during 
these interactions must be incorporated into the design of the system for ensuring safety. In 
the present research, a model has been developed, which considers the sequence of 
interactions among the components of the aircraft system. It also includes the necessary 
constraints that must be fulfilled during interaction. This system-design approach is used to 
detect abnormalities in the aircraft system according to STAMP, which is better than the 
method of chain-of-events for analysis. 
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INTRODUCTION 
 

The theory of Systems-Theoretic Accident Model and Processes (STAMP) considers the 
aircraft as a system (Leveson, 2004, 2011). The STAMP approach takes into account the 
system-component-interactions and the necessary constraints (Leveson 2015; Fleming et al., 
2013; Thomas, 2013) rather than the traditional method of chain-of-events for accident 
analysis.  
 
In the present research work, the aircraft flight is divided into twelve phases: start, taxi, 
before takeoff, takeoff, climb out, cruise, descent, approach, landing, taxi to the ramp, 
shutdown and secure. Object-Oriented modeling is used to study the interactions among the 
components of the aircraft system. In object-oriented modeling, the communications in the 
system are studied by behavioral modeling using Unified Modeling Language (UML). The 
sequence diagrams are developed for each phase of flight by using Unified Modeling 
Language (UML) (Figure 1). 
 
A sequence diagram is an interaction diagram that shows the interaction among the 
components of a system along with time order (Dimitrov et al., 2002). Graphically, a 
sequence diagram is a table that shows objects arranged along the X-axis and messages, 
ordered in increasing time, along the Y-axis (refer figure 1). The object that initiates the 
interaction is placed at the left, and increasingly more subordinate objects are put to the right. 
The messages that these objects send and receive are placed along the Y-axis, in order of 
increasing time from top to bottom (Booch et al., 2004). Sequence diagram includes the 
object lifeline, which is the vertical dashed line that represents the existence of an object over 
some time. The focus of control is a tall, thin rectangle that shows the period during which an 
object is acting, either directly or through a subordinate procedure. 
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Fig.1. Sequence Diagram showing Interactions among Objects 

  
 

Modeling Safety Program for Aircraft System 
 

Interactions and constraints that must be enforced during an interaction in a particular 
phase of flight:- 

 

In the safety program model, abnormalities are detected if there is any deviation from the 
expected interactions during a particular phase of flight or if there is any constraint violation 
during that interaction. The interactions among the components of the aircraft system in a 
specific aspect of flight are expressed in the form of a tuple. Eq. 1 shows the communication 
(I) during a specific stage of flight (ph). Eq. 2 represents the constraints that must be enforced 
during an interaction. 

 
 

(a) Interaction during a particular phase of flight 
 

 

  I iph  =  (Obj1,  Obj2,  Mg/Ac, εi)i                (for  i = 1 to n)                                       ...(1) 
 
Object 1 initiates the interaction with purpose 2 to pass any message (Mg) or to perform any 
action (Ac) (eq. 1). During a particular interaction (i), there may be some number of 
constraints (εi) which must be fulfilled. 
 
  

(b)  Constraints that must be enforced during an interaction 
The constraints that must be enforced during an interaction involve mandatory actions (M) 
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(eq. 2), not-permissible actions (N) (eq. 3) and required parameters possessing specific values 
(R) (eq. 4 and eq. 5). In the safety program model, actions (M and N) are represented in the 
form of string. There are some governing parameters (Pg) during an interaction which govern 

the required parameters (Pr). The number of governing parameters in a particular 

communication is denoted by gni if there is no governing parameter, then gni = 0.  
 

CMi,ph
j   =  Mi,ph

j    (where  j = 0 to u and u varies from 0 to Z)                        ...(2) 

CNi,ph
k  =  Ni,ph

k     (where  k = 0 to v and v varies from 0 to Z)                           ...(3) 

CRg
i,ph

a  =  Rg
i,ph

a  =  (Pg,Vg)
i,ph

a   (where  a = 0 to gni and gni varies from 0 to Z)      ...(4) 

CRr
i,ph

b  =  Rr
i,ph

b  =  (Pr,Vr)
i,ph

b  (where  b = 0 to w and w varies from 0 to Z)            ...(5) 
 
The number of constraints that must be enforced during a particular interaction (εi) is the sum 

of u, v and w i.e. u + v + w = εi where u is the number of mandatory actions in an interaction, v 
is the number of not-permissible actions in an interaction and w is the number of required 
parameters in an interaction. For example, if there are three constraints which are required to 
be enforced during a particular interaction then u + v + w = εi = 3. 
 
 
 
 
 
 

I) Constraints that must be enforced in a particular phase of flight to ensure overall 
flight safety 

To ensure the overall flight safety, the abnormal conditions can also be detected if the 
constraints required during a particular phase of flight are violated. The restrictions that must 
be enforced during a specific phase involve mandatory actions (M) (eq. 6), not-permissible 
actions (N) (eq. 7) and required parameters possessing specific values (R) (eq. 8 and eq. 9). 

There are some governing parameters (Pg) during a particular phase which govern the 

required parameters (Pr). The number of governing parameters for a specific step is denoted 

by gnph. If there is no governing parameter in a stage, then gnph = 0.  
 

CMph
J   =  Mph

J  (where  J = 0 to x and x varies from 0 to Z)                             ...(6) 

CNph
K  =  Nph

K   (where K = 0 to y and y varies from 0 to Z)                              ...(7) 

CRg
ph

A  =  Rg
ph

A  =  (Pg,Vg)
ph

A   (where  A = 0 to gnph and gnph varies from 0 to Z) ...(8) 

CRr
ph

B  =  Rr
ph

B  =  (Pr,Vr)
ph

B  (where  B = 0 to z and z varies from 0 to Z)                  ...(9) 
 
The number of constraints that must be enforced during a particular phase (Ψph) is the sum of 

x, y, and z, i.e. x + y + z = Ψph where x is the number of mandatory actions in a phase, y is 
number of not-permissible steps in a period and z is the number of required parameters in a 
stage. For example, if there are five constraints that are needed to be enforced during a 
particular phase then x + y + z = Ψph = 5. 
Figure 2 shows the sequence diagram for the climb out phase as a representative case. There 
are total seven number of interactions in this phase, i.e. n = 7 (eq. 11 to Eq. 17). The 
interactions during climbout phase are as follows (Eq. 10):- 
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I iclimbout  =  (Obj1,  Obj2,  Mg/Ac, εi)i                (for  i = 1 to 7)                                                 ...(10) 
where 
 

 I 1climbout  =  (Obj1, Obj2, Mg/Ac, ε1)1  =  ("pilot", "trimtab", "trim", 1)                       ...(11)          

 I 2climbout  =   (Obj1, Obj2, Mg/Ac, ε2)2   = ("pilot","autothrottle", "arm & set", 0)             ...(12) 

I 3climbout  = (Obj1, Obj2, Mg/Ac, ε3)3  = ("pilot", "autopilot", "on & set", 0)                   ...(13) 

I 4climbout  = (Obj1, Obj2, Mg/Ac, ε4)4  = ("pilot", "autobrake", "off", 0)                          ...(14) 

I 5climbout  = (Obj1, Obj2, Mg/Ac, ε5)5  = ("pilot", "TCAS", "get info for climbout",  0)   ...(15) 

I 6climbout = (Obj1, Obj2, Mg/Ac, ε6)6  = ("TCAS", "pilot", "analyze info for climbout", 0 )  
                    ...(16)         
I 7climbout  =  (Obj1, Obj2, Mg/Ac, ε7)7  = (“pilot”, “ADAHRS”, “set speed”, 2)               ...(17) 

 

 
 

Fig. 2.   Sequence Diagram for Climbout Phase 
 

 

The constraint that must be enforced during the course of first interaction (i = 1) in the 
climbout phase involves u + v + w = ε1 = 1 where u = 0, v = 0, w = 1 (eq. 18 to eq. 23). There is 

one governing parameter (gni = 1) which is governing one required parameter (w = 1). The 
particular governing parameter governs its associated required parameter i.e. the first 
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governing parameter (CRg
1,climbout

1) governs the first required parameter (CRr
1,climbout

1). 
When the governing parameter speed is “250 KIAS”, the required parameter trim-tab should 
be “trim” (eq. 21 and eq. 23). 
 

 

CM1,climbout
j   =  M1,climbout

0 = No mandatory action                 (here  j = 0, u = 0)         ...(18) 
 

CN1,climbout
 k  =  N1,climbout

0 = No not-permissible action          (here  k = 0, v = 0)        ...(19) 
 

CRg
1,climbout

a  =  Rg
1,climbout

1  =  (Pg,Vg)
1,climbout

1            (here  a = 1, gni =1)       ...(20) 

where      (Pg,Vg)
1,climbout

1 =  (“speed”, “250 KIAS”)                                                                         
...(21)       

 
CRr

1,climbout
b  =  Rr

1,climbout
 1  =  (Pr,Vr)

1,climbout
1           (here b = 1, w =1)            ...(22) 

where   (Pr,Vr)
1,climbout

1 =  (“trimtab”, “trim”)                                                                                 
...(23) 

 
The constraint that must be enforced during the course of seventh interaction (i = 7) in the 
climbout phase involves u + v + w = ε7 = 2 where u = 0, v = 0, w = 2 (eq. 24 to eq. 33). In this 
case, there is no mandatory action and no not-permissible action. 
 
There are two governing parameters (gni = 2), which are governing two required parameters 
(w = 2). The particular governing parameter governs its associated required parameter. The 
first governing parameter (CRg

7,climbout
1) governs the first required parameter 

(CRr
7,climbout

1) and the second governing parameter (CRg
7,climbout

2) dictates the second 

required parameter (CRr
7,climbout

2), i.e. if the altitude is “<10000” then speed should be 
“250 KIAS” and if the height is “>10000” then speed should be “280 KIAS” (eq. 26 to Eq. 33). 
 
 

CM7,climbout
j   =  M7,climbout

0  = No mandatory action                  (here  j = 0, u = 0)          ...(24) 
 

CN7,climbout
 k  =  N7,climbout

0  = No not-permissible action            (here  k = 0, v = 0)         ...(25) 
 

CRg
7,climbout

a  =  Rg
7,climbout

1  =  (Pg,Vg)
7,climbout

1               (here  a = 1, gni = 2)       ...(26) 

 where     (Pg,Vg)
7,climbout

1  =  (“altitude”, “<10000”)                                                             ...(27) 
  
2 

CRr
7,climbout

b  =  Rr
7,climbout

1  =  (Pr,Vr)
7,climbout

1                  (here  b = 1, w = 2)         ...(28) 

where       (Pr,Vr)
7,climbout

1 = (“speed”, “250 KIAS”)                                                             ...(29) 

CRg
7,climbout

a  =  Rg
7,climbout

2  =  (Pg,Vg)
7,climbout

2              (here  a = 2, gni = 2)        ...(30) 

 where         (Pg,Vg)
7,climbout

2  =  (“altitude”, “>10000”)                                                        ...(31)       
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CRr
7,climbout

b  =  Rr
7,climbout

2  =  (Pr,Vr)
7,climbout

2           (here  b = 2, w = 2)              ...(32) 

where        (Pr,Vr)
7,climbout

2  =  (“speed”, “280 KIAS”)                                                         ...(33) 
 
 

 The model considers some necessary constraints during the climb out phase of flight. Total 
twelve constraints are taken into consideration i.e. x + y + z = Ψclimbout = 12 where x = 1,  y 
= 1,  z = 10. One mandatory and one not-permissible action are considered. The constraints 
ensuring the normal functioning of both left and right engines during climbout phase are 
taken into consideration for overall flight safety (eq. 39 to Eq. 58). The fuel flow of both the 
engines should be “on”, and the Engine Pressure Ratio (EPR), Fan Speed (N1), High-
Pressure Compressor Rotor Speed (N2) and Exhaust Gas Temperature (EGT) of both left and 
right engines should be “normal.” There is no governing parameter in this phase i.e. gnph = 0 
(eq. 38). There are ten required parameters (z = 10) (eq. 39 to Eq. 58).  

 
 

CMclimbout
1   =  Mclimbout

1                                                   (here  J = 1,  x =1)                 ...(34) 
 

where        Mclimbout
1  =  “Take clearance from  ATC”                                                             ...(35) 

 
CN climbout

1  =  N climbout
1                                                 (here  K = 1,  y = 1)                 ...(36) 

where        N climbout
1  =  “Passenger door should not be open”                                       ...(37) 

 
CRg

climbout
0  =  Rg

climbout
0  =  (Pg,Vg)

climbout
0   =  No governing parameter   

(here  A = 0, gnph = 0)                  ...(38) 
 

 
CRr

climbout
1  =  Rr

climbout
1  =  (Pr,Vr)

climbout
1            (here  B = 1, z = 10)                  ...(39) 

 

 where        (Pr,Vr)
climbout

1  = ("leftenginefuelflow","on")             ...(40) 
   
CRr

climbout
2  =  Rr

climbout
2  =  (Pr,Vr)

climbout
2            (here  B = 2, z = 10)                  ...(41) 

 

 where        (Pr,Vr)
climbout

2  = ("leftengineEPR","normal")                            ...(42) 
 
CRr

climbout
3  =  Rr

climbout
3  =  (Pr,Vr)

climbout
3              (here  B =3, z = 10)                  ...(43) 

 

 where          (Pr,Vr)
climbout

3  = (“leftengineN1”,”normal”)                               ...(44) 
 
CRr

climbout
4  =  Rr

climbout
4  =  (Pr,Vr)

climbout
4             (here  B = 4, z = 10)                 ...(45) 

 

 where        (Pr,Vr)
climbout

4  = ("leftengineN2","normal")                             ...(46) 
 

CRr
climbout

5  =  Rr
climbout

5  =  (Pr,Vr)
climbout

5            (here  B = 5, z = 10)                  ...(47) 
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 where         (Pr,Vr)
climbout

5  = ("leftengineEGT","normal")                                              ...(48) 

CRr
climbout

6  =  Rr
climbout

6  =  (Pr,Vr)
climbout

6            (here  B = 6, z = 10)                ...(49) 
 

 where        (Pr,Vr)
climbout

6  = (“rightenginefuelflow”,”on”)                                   ...(50) 
 
CRr

climbout
7  =  Rr

climbout
7  =  (Pr,Vr)

climbout
7             (here  B =7, z = 10)                ...(51) 

 

 where         (Pr,Vr)
climbout

7  = (“rightengineEPR”,”normal”)                            ...(52) 
 
CRr

climbout
8  =  Rr

climbout
8  =  (Pr,Vr)

climbout
8            (here  B = 8, z = 10)                ...(53) 

 

 where        (Pr,Vr)
climbout

8  = ("rightengineN1","normal")                                               ...(54) 
 
CRr

climbout
9  =  Rr

climbout
9  =  (Pr,Vr)

climbout
9            (here  B = 9, z = 10)               ...(55) 

 

 where        (Pr,Vr)
climbout

9  = ("rightengineN2","normal")                             ...(56) 
 
CRr

climbout
10  =  Rr

climbout
10  =  (Pr,Vr)

climbout
10       (here  B = 10, z = 10)            ...(57) 

 

 where        (Pr,Vr)
climbout

10  = ("rightengineEGT","normal")                            ...(58) 
 
Figure 3 shows the sequence diagram for the landing phase as another representative case. 
There are total seven number of interactions in this phase, i.e. n = 7 (eq. 60 to 66). The 
interactions during the landing phase are as follows (Eq. 59):- 

 

I ilanding  =  (Obj1,  Obj2,  Mg/Ac, εi)i                (for  i = 1 to 7)                                                    ...(59) 
 

where 
 

 I 1landing =  (Obj1, Obj2, Mg/Ac, ε1)1  =  ("pilot", "landinggear", "down", 0)                  . ..(60) 

 I 2landing =  (Obj1, Obj2, Mg/Ac, ε2)2  =  ("pilot", "autopilot", "off", 0)                              ...(61)            

 I 3landing =  (Obj1, Obj2, Mg/Ac, ε3)3   = ("pilot","airspeed", "150 KIAS", 0)                  ...(62)   
 

I 4landing =  (Obj1, Obj2, Mg/Ac, ε4)4  =  ("pilot", "ADAHRS", "apply reverse thrust", 1)...(63)            

I 5landing =  (Obj1, Obj2, Mg/Ac, ε5)5  = ("pilot", "spoiler", "extended", 0)                         ...(64) 

 I 6landing =  (Obj1, Obj2, Mg/Ac, ε6)6  =  ("pilot", "brake", "apply",  0)                             ...(65) 

I 7landing =  (Obj1, Obj2, Mg/Ac, ε7)7  =  ("pilot", "autobrake", "off" ,0)                            ...(66) 
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Fig. 3.   Sequence Diagram for Landing Phase 

 
During the fourth interaction, there is one constraint that must be enforced (ε4 = 1). It is the 
not-permissible action (N) according to which once the reverse thrust is applied, the go-
around decision should not be taken (eq. 69). It is included in ASPM to avoid human error in 
decision making due to impulsiveness bias during emergency conditions. 

 
CM4,landing

j   =  M4,landing
0  = No mandatory action                   (here  j = 0, u = 0)          ...(67) 

 

CN4,landing
 k  =  N4,landing

1                                                         (here  k = 1, v = 1)           ...(68) 

where        N4,landing
1  = “the Go-Around decision should not be taken”                           ... (69) 

 

CRg
4,landing

a  =  Rg
4,landing

0  =  (Pg,Vg)
 4,landing

0  =  No governing parameter    

(here  a = 0, gni =0)                               ...(70) 
 

CRr
4,landing

b  =  Rr
4,landing

0  =  (Pr,Vr)
 4,landing

0  =  No required parameter        
(here  b = 0, w =0)                               ...(71) 

 
 ASPM considers some necessary constraints during the landing phase of flight. One 

mandatory and one not-permissible action are considered. The constraints ensuring the 
normal functioning of both left and right engines during landing phase are considered which 
are same as that of the climb out phase. Total twelve constraints are taken into consideration, 



 
 

CR Journals (Page 6–22) 2021. All Rights Reserved                                           Page 14 
 
 

Innovative Journal of Computer Technology 
Volume 1 Issue 1  

i.e., Ψlanding = 12. There is no governing parameter in this phase i.e. gnph = 0 (eq. 76) and 
there are ten required parameters (z = 10) (eq. 77 to Eq. 96). Following are the constraints that 
must be enforced to ensure flight safety during landing phase (eq. 72 to 96):- 
 

 

CMlanding
1   =  Mlanding

1                                                   (here  J = 1,  x =1)                   ...(72) 

where        Mlanding
1  =  “Take clearance from  ATC”                                               ...(73) 

CN landing
1  =  N landing

1    (here  K = 1,  y = 1)                   ...(74) 

where        N landing
1  =  “Passenger door should not be open”                   ...(75) 

 

 CRg
landing

0  =  Rg
landing

0  =  (Pg,Vg)
landing

0   =  No governing parameter     
(here  A = 0, gnph = 0)                ...(76) 
 

CRr
landing

1  =  Rr
landing

1  =  (Pr,Vr)
landing

1               (here  B = 1, z = 10)               ...(77) 
 

 where        (Pr,Vr)
landing

1  = ("leftenginefuelflow","on")                                                   ...(78) 
 

 CRr
landing

2  =  Rr
landing

2  =  (Pr,Vr)
landing

2              (here  B = 2, z = 10)                ...(79) 
 

 where        (Pr,Vr)
landing

2  = ("leftengineEPR","normal")                                           ...(80) 
 
CRr

landing
3  =  Rr

landing
3  =  (Pr,Vr)

landing
3                 (here  B =3, z = 10)                  ...(81) 

 

 where          (Pr,Vr)
landing

3  = (“leftengineN1”,”normal”)                                          ...(82) 
 
CRr

landing
4  =  Rr

landing
4  =  (Pr,Vr)

landing
4                (here  B = 4, z = 10)                  ...(83) 

 

 where        (Pr,Vr)
landing

4  = ("leftengineN2","normal")                                                    ...(84) 

CRr
landing

5  =  Rr
landing

5  =  (Pr,Vr)
landing

5                (here  B = 5, z = 10)                   ...(85) 
 

 where         (Pr,Vr)
landing

5  = ("leftengineEGT","normal")                                                ...(86) 
 
CRr

landing
6  =  Rr

landing
6  =  (Pr,Vr)

landing
6                  (here  B = 6, z = 10)                 ...(87) 

 

 where        (Pr,Vr)
landing

6  = (“rightenginefuelflow”,”on”)                                                ...(88) 
 
CRr

landing
7  =  Rr

landing
7  =  (Pr,Vr)

landing
7                  (here  B =7, z = 10)                 ...(89) 

 

 where         (Pr,Vr)
landing

7  = (“rightengineEPR”,”normal”)                                             ...(90) 

CRr
landing

8  =  Rr
landing

8  =  (Pr,Vr)
landing

8                 (here  B = 8, z = 10)                 ...(91) 
 

 where        (Pr,Vr)
landing

8  = ("rightengineN1","normal")                                                 ...(92) 

CRr
landing

9  =  Rr
landing

9  =  (Pr,Vr)
landing

9                (here  B = 9, z = 10)                  ...(93) 
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 where        (Pr,Vr)
landing

9  = ("rightengineN2","normal")                                                 ...(94) 

CRr
landing

10  =  Rr
landing

10  =  (Pr,Vr)
landing

10          (here  B = 10, z = 10)               ...(95) 
 

 where        (Pr,Vr)
landing

10  = ("rightengineEGT","normal")                                            ...(96) 
 
 

Implementation of the Model 
The developed model has been implemented by using the Java programming language. The 
interface has been designed which takes input from Electronic Flight Instrument Systems 
(EFIS), biosensors, and speech recognition technology to analyze the current state of the 
aircraft and human (refer figure 4). The model detects the abnormalities in the aircraft system 
if there is a deviation from the expected interactions among the components and there is any 
constraint violation. For example, during landing phase, there is a constraint of not-
permissible action (N) according to which once the reverse thrust is applied, the go-around 
decision should not be taken (refer figures 5 and 6). This constraint has been represented as 
Eq. 69 in the developed model. At situation = 1, the safety program provides the alert about 
the problem, as shown in figure 7. However, on detection of the biased condition, it gives the 
recommended safety step to the pilot at situation = 2 as shown in figure 8. In response to the 
recommended safety step, the pilot has applied brakes (refer figure 9). Figure 10 shows that 
the pilot has overcome the bias and has responded to the recommended safety step at 
situation = 2. However, if the pilot has not returned and is still biased, then the automatic 
emergency control is executed by ASPM involving communicating with ATC at situation = 3 
(refer figure 11). 

 

 
 

Fig. 4.   Current State of the Aircraft and Human – EFIS and Human Factor Analyses 
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Fig. 5.  Applying Reverse Thrust during Landing Phase (PSEU data) 

 

 
 

Fig.  6.  Wrong Go Around Decision Detected after Applying Reverse Thrust during Landing Phase  
(Information by Speech Recognition) 
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Fig.  7.  The pilot is Alerted by ASPM regarding Wrong Decision of Go Around 
         (Result at Situation = 1) 

 

 
 

Fig.  8.  Recommended Safety Step is provided by ASPM for Quick Pilot Action      
         (Result at Situation = 2) 
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Fig. 9.  Brakes are applied in response to the Safety Step provided by ASPM   
         (Result at Situation = 2) 

 

 
 

Fig.  10.  The pilot has Overcome the Bias in response to the Safety Step provided by ASPM   
         (Result at Situation = 2) 
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Figure 11.  Automatic Emergency Control by ASPM during Wrong Go Around Decision 
(Result at Situation = 3) 

 
CONCLUSION 

 

The developed safety program model incorporates the interactions among the components of 
the aircraft system and the constraints that must be fulfilled during interactions into the 
design of the aircraft safety program. The model supports the theory of STAMP. The 
implementation of the model demonstrates that the abnormalities in the aircraft system can be 
detected if there is any deviation from the expected interaction or if there is any violation of 
the necessary constraint(s). To enhance the robustness of the safety software, the new or 
additional system interactions and restrictions can be easily added in the model. 
 
 

NOMENCLATURE 
Ac action performed during an interaction 
CM constraint related to mandatory action 
CN constraint related to not-permissible action 
CR constraint related to the required parameter 
I interaction 
M mandatory action 
Mg the message passed during an interaction 
N not-permissible action 
Obj1 object 1  
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Obj2 object 2  
P particular parameter 
R    required parameter possessing specific value 
V value of a particular parameter 
Z any natural number 
gn number of governing parameters, gn = 0 means no governing parameter(s) 

exist 
n number of interactions in a particular phase of flight 
u    number of mandatory actions in an interaction, u = 0 means no mandatory 

action(s) exist in that particular interaction 
v   number of not-permissible actions in an interaction, v = 0 means no not-

permissible action(s) exist in that particular interaction 
w number of required parameters in an interaction, w = 0 means no required 

parameter(s) exist in that particular interaction 
x     number of mandatory actions in a phase, x = 0 means no mandatory action(s) 

exist in that particular  phase 
y    number of not-permissible actions in a phase, y = 0 means no not-permissible 

action(s) exist in that particular phase 
z   number of required parameters in a phase, z = 0 means no required 

parameter(s) exist  in that particular phase 
ε number of constraints that must be enforced during an interaction, 

ε = 0 means no constraint,  ε = 1 means one constraint and so on 
Ψ number of constraints that must be enforced during a particular phase of 

flight, 
Ψ = 0 means no constraint,  Ψ = 1 means one constraint and so on 

 
SUPERSCRIPTS 

 
i particular interaction 
ph particular phase of flight, e.g. climbout, landing, etc 
 

 
SUBSCRIPTS 

 
A the particular governing parameter in a phase 
B particular required parameter in a phase 
J particular mandatory action in a phase   
K particular not-permissible action in a phase 
a the particular governing parameter in an interaction 
b    particular required parameter in an interaction 
g    governing parameter 
i particular interaction 
j particular mandatory action in an interaction 
k particular not-permissible action in an interaction 
ph particular phase of flight, e.g. climbout, landing, etc 
 r   required parameter 



 
 

CR Journals (Page 6–22) 2021. All Rights Reserved                                           Page 21 
 
 

Innovative Journal of Computer Technology 
Volume 1 Issue 1  

REFERENCES    

1) F. Li, H. Lu, M. Hou, K. Cui “Customer satisfaction with bank services: The role of cloud 
services, security, e-learning and service quality”, Published by Technology in Society, 
Vol. 64, 2021. https://doi.org/10.1016/j.techsoc.2020.101487.  

2) A. Ramtin, O. Sharafi, “Tasks Mapping in the Network on a Chip Using an Improved 
Optimization Algorithm”, Published by International Journal of Pervasive Computing and 
Communications, Vol. 16, Issue 2, PP. 165-182, 2020. https://doi.org/10.1108/IJPCC-07-
2019-0053.  

3) S. Norozpour “Proposing New Method for Clustering and Optimizing Energy 
Consumption in WSN”; Published by International Journal of Talent Development & 
Excellence (ISSN: 1869-0459), Vol. 12, No. 3S, PP. 2631-2643, 2020.   

4) G. Prakash, N. Gafar, N. H. Jabarullah, M. Jalali, “A New Design of 2-bit Universal Shift 
Register Using Rotated Majority Gate Based on Quantum-dot Cellular Automata 
Technology”; Published by International Journal of Theoretical Physics, (ISSN: 0020-
7748), PP. 1-19, June 2019. DOI:10.1007/s10773-019-04181-w 

5) M. Khorraminia, Z. Lesani, M. Ghasvari, L. Rajabion, A. Hassani, “A Model for 
Assessing the Impact of Cloud Computing on the Success of Customer Relationship 
Management Systems”; Published by International Journal of Digital Policy, Regulation 
and Governance (ISSN: 2398-5038), 2019. https://doi.org/10.1108/DPRG-03-2019-0016.  

6) “Security of AD-HOC Network”, Author: Mehdi Darbandi; ISBN: 978-622-214-076-2; 
Published by: Salehian Pub. (2019). 

7) S. Seyedi, N. J. Navimipour; “Designing an efficient fault tolerance D-latch based on 
quantum-dot cellular automata nanotechnology”; Published by Optik Journal, (ISSN: 
0030-4026), Vol. 185, PP. 827-837, May 2019. DOI:10.1016/j.ijleo.2019.03.029  

8) M. Darbandi; “Proposing New Intelligent System for Suggesting Better Service Providers 
in Cloud Computing based on Kalman Filtering”; Published by HCTL International 
Journal of Technology Innovations and Research, (ISSN: 2321-1814), Vol. 24, Issue 1, 
PP. 1-9, Mar. 2017, DOI: 10.5281/Zenodo.1034475. 

9) M. Darbandi; “Proposing New Intelligence Algorithm for Suggesting Better Services to 
Cloud Users based on Kalman Filtering”; Published by Journal of Computer Sciences and 
Applications (ISSN: 2328-7268), Vol. 5, Issue 1, 2017; PP. 11-16; DOI: 10.12691/JCSA-
5-1-2; USA. 

10) M. Darbandi; “Kalman Filtering for Estimation and Prediction Servers with Lower 
Traffic Loads for Transferring High-Level Processes in Cloud Computing”; Published by 
HCTL International Journal of Technology Innovations and Research, (ISSN: 2321-
1814), Vol. 23, Issue 1, pp. 10-20, Feb. 2017, DOI: 10.5281/Zenodo.345288. 

11) C. Rostamzadeh, F. Canavero, F. Kashefi; “Effectiveness of Multilayer Ceramic 
Capacitors for Electrostatic Discharge Protection”; Published by the IN COMPLIANCE 
Journal (ISSN: 1948-8254), 2012; PP. 42-51; USA.  

12) S. Haghgoo, M. Hajiali, A. Khabir, “Prediction and Estimation of Next Demands of 
Cloud Users based on their Comments in CRM and Previous usages”, International IEEE 
Conference on Communication, Computing & Internet of Things; Feb. 2018, Chennai. 
DOI: 10.1109/IC3IoT.2018.8668119.  

13) C. Rostamzadeh, F. Canavero, F. Kashefi “Automotive AM-Band Radiated Emission 
Mitigation Techniques, a Practical Approach”, International IEEE Symposium on 
Electromagnetic Compatibility; Aug. 2012, Pittsburgh, USA.  DOI: 
10.1109/ISEMC.2012.6351791. 

https://doi.org/10.1109/IC3IoT.2018.8668119�
https://doi.org/10.1109/ISEMC.2012.6351791�


 
 

CR Journals (Page 6–22) 2021. All Rights Reserved                                           Page 22 
 
 

Innovative Journal of Computer Technology 
Volume 1 Issue 1  

14) M. Abedi; “involving Kalman filter technique for increasing the reliability and efficiency 
of cloud computing”, International WORLD COMPETITION 2012; Los Vegas, USA.  

15) P. Shahbazi; “New Novel idea for Cloud Computing: How can we use Kalman filter in 
security of Cloud Computing”, International IEEE Conf. AICT.; Oct. 2012, Georgia, 
Tbilisi. DOI: 10.1109/ICAICT.2012.6398466.  

16) F. Kashefi “Perusal about influences of Cloud Computing on the processes of these days 
and presenting new ideas about its security”, International IEEE Conf. AICT., Dec. 2011, 
Baku, Azerbaijan. DOI: 10.1109/ICAICT.2011.6111007.  

17) “Security of Web Servers”, Author: Mehdi Darbandi; ISBN: 978-622-214-023-6; 
Published by: Salehian Pub. (2019). 

18) Booch, G., Rumbaugh, J., & Jacobson, I. (2004), “The Unified Modeling Language User 
Guide”, Pearson Education.  

19) Dimitrov, E., Schmietendorf, A., & Dumke, R., 2002. UML-Based Performance 
Engineering Possibilities and Techniques. IEEE Software, 19 (1), 74-83. doi: 
10.1109/52.976944 

20) Fleming, C.H., Spencer, M., Thomas, J., Leveson, N., Wilkinson, C., 2013. Safety 
assurance in NextGen and complex transportation systems. Safety Science, 55, 173-187. 
doi:10.1016/ j.ssci.2012.12.005. 

21) Leveson, N., 2004. A New Accident Model for Engineering Safer Systems. Safety 
Science, 42 (4), 237-270. doi: 10.1016/S0925-7535(03)00047-X 

22) Leveson, N. G., 2011. Systems Theory and Its Relationship to Safety. In J. Moses, R. 
Neufville, M. Heitor, G. Morgan, E. Pate-Cornell, & W. Rouse, Engineering a Safer 
World - Systems Thinking Applied to Safety (pp. 61-72). London, England: The MIT 
Press.  

23) Leveson, N., 2015. A systems approach to risk management through leading safety 
indicators. Reliability Engineering and System Safety, 136, 17-34. 
doi:10.1016/j.ress.2014.10.008 

24) Thomas, J. P., IV, 2013. Extending and Automating a Systems-theoretic Hazard Analysis 
for Requirements Generation and Analysis. Ph.D. Dissertation. Massachusetts Institute of 
Technology. http://sunnyday.mit.edu/JThomas-Thesis.pdf (October 8, 2014)  

https://doi.org/10.1109/ICAICT.2012.6398466�
https://doi.org/10.1109/ICAICT.2011.6111007�

