CONCLUDING REMARKS

The thesis presents a new methodology to find the queue length and waiting
time distributions in a system of two or more parallel queues. The proposed method has
potential applications in finding the above distributions and other important
characteristics in a variety of manufacturing systems, communication systems,

computer systems and other related areas.

The results in the literature on the system of dependent queues are usually
restricted to the case when the arrival streams are Poisson processes and the service
times are exponentially distributed. The present thesis frees the arrival and service times
from the above restrictions by assuming that each of them follows a hypoexponential

distribution in two stages.

The derivation of the balance equations in the resulting system with more
general distributions is made possible by the use of a computer to generate the large
amount of codes which represent the balance equations. The solution of the balance
equations to the required level of accuracy is made possible by the method proposed in

the thesis.

However when the number M of queues is too large, it would be difficult for a
computer to handle the extremely large number of vectors of characteristics of the
system. Further research may thus be carried out to solve the related dimensionality
problem. Although the thesis concentrates on only two interaction schemes, the
methods proposed in the thesis may still be applicable to the cases with other interaction
schemes such as the schemes which incorporate features like balking of queue, reneging
of queue and jockeying of queue, and switching over to another queue when the

customer is still in the process of being served.
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APPENDIX A

Representation of balance equations by codes in a system of two dependent

Hypo(2)/Hypo(2)/1 queues for 0 < n{ +n < 2,

Power

o ooo

OO oo

o ooo

o ooo

o ooo

o —+H0O0o

oo o-

o o oo

o ooo

—1 O OO

[N el N

o o oo

oOoooo

O oOoOoOooo

oOoooo

oOoooo

O —+HO0 OO

(ol oleNoll]

[eleleloNe)

oOoooo

oOoooo

— OO oo

OO -+ OO

oOoooo

oo ooocoo

oo ooo -

[eNeolol NoNoe)

oo ooocoo

oo ocococod

oo o0 o0oo

[eleooloNall o Ne)

O 00O OoOo

[eNoNolol o NoNo)

O O0OO0O0COoOOo

oo o+HoOoOo

oo ooooo

OO0 oo ocoo

[eNelolololoNe)

OO0 oo d0o

OO0 oo ocoo

OO 1000 Oo

oo oo ocod

[eleooNoNall Ne)

O 00O O0OOo

[eNeoNolol N No)

O O0OO0O0O0OOo

OO0 oOoO+HOOoOOo

OO0 oo ocoo

oOoooo

oo oOooo

oOoooo

oOoooo

oOoooo

OO+ 0O0o

(=R NeNeNe]

[N eNoNoll]

oOoooo

— OO OoOOo

O OO 0o

oOoooo

oo ocooo

oo oooo

oo ocooo

oo ocooo

oo d1O0oo

OO OO O

O—H OO0 oOoo

OO OO0

oo ocooo

O OO0 OoOOo

OO O —+H0O0o

oo ocooo

oo ooo

[=NeNe o]

oo oOooo

oo ooo

oo oOooo

O —H0 0O

(el el Nol]

oo oOooo

— O O OO

OoOoo—Ho

OO -+H0OOoO

oo oOooo

oo oocoo

OO0 oo oo

oo oocoo

oo oocoo

OO0 O0O0o

[oNoleNoio |

OO0 oOoo o

oo oocoo

1O OO0 OOo

[eNeNeRs NoNe]

OO +H0O0 00

oo oooo

Constant

oo oOo -

[N No)

o

oo owN

o

O O N O

O OO o

[N NoNe)

NN NN A

O oOoOoNOo

L B B I |

O oOoONOOo

HAd A1 O NO

[eNeNoRoNo e Ne)

D B B B B B B9

A A1 ONO

e N

oo oNOOoOOo

A A A1 O N A

[eNeoNoRoNolloNe)

NANANNANN A

A A A1 O N A

AN

oo oOoONO OO

L R I B |

O OO —Ho

L R I B |

AN AN NN -

Cn e B B B |

O oOoOoNOo

L I B B B |

[eNeNoReNo Nl

AN AN ANANN A

NN NN AN

L I B B |

oo oNOOo

oo oOoo-

[eNeR NoNe]

L B B I |

oooo«N

AN NN N

oo NOOoO

[N eloNoll Nl

OO —+HO0OO0OOo

NN ANANAN A

oo ooNOo

NN AN —HNN

oo NOOoOOo

161



Power

[eNelolololNolNa)

OO OO OO

[eNelololololNo)

[eNelololNolNelNa)

[eNelololoNolls]

OO HOOO0OOo

[eNeloloNols Nl

OO0 00O O0o

O O0O0O0O0OOo

Oo0ooo+HOoOOo

(ool NoloNo)

oo oOoooo

OO O0OO0OOOoOOoO

OO O0OO0OOOoOOoO

[elejololoeNo ol

OO O0OO0OOOoOOoO

OO 1000 O0O

OO OO0 O

[eeloloNelRs Nl

OO0 O0O0O0OOo

O OO0 OoOOo

oo o+HOOo

[eeol NoloNol

[eNeoleoloNoNoNe]

[eNelololole)

[eNelololole)

oo oooo

[eNelololole)

oo oooo

OO +HOOOoO

O—1O0O 00O

O OO OO

O O0OO0O0Oo

ool Ne)

O OO —+H0OOo

OO0 ocooo

OO0 oOoOoOoOOoOoo

OO0 oo oOooo

oOoooooo

OO0 oOoOoOoOOoOoo

oOod1O0O0oo

Oooooo-

OO0 O0OO0O0OO0o

[eNoNoololls o)

O O0OO0O0COoOOo

[eleolalNeNe)

OoOoo+HO0O oo

[eeololeleNe)

oo ooo -

oOoooooo

oOoocoooo

OO0 oO0OO+H0O0o

oOoocooco -

OO +HOOOOo

[eNeNelolols Ne)

oOoooooo

[eeoNal oo Ne)

O—"1O0OO0OO0OOo

oOoo+HoOoOo

O O0OO0O0COoOOo

[eNelolololNoNe)]

[eNelolololoNe)

oo oo ocoo

[eNeNeolo NoNe)

[eNoR_lojloloNo)

[eNeNelolNoNoR ]

[eNeNelolNol Ne)

OO oo ooo

OoOo0oo0co+HoOoo

O OO0 OoOo

OO0 oOoO+HO OO

O O0OO0O0OoOOo

O OO0 O0ODODOOO

[eNejolololoNeNeRs Nol

[eejeololoel Jolohol

OO0 O0OO0OHOOOOoO

OO OO0 O0OOO -

OO O—HOOODOOOo

[eNeolololoNaels N Nol

OO0 O0O0CDO0OO0O0OOo

[eNeNeNoNaR RS NoNo Nol

O O0OO0OO0OO0OO0OOoOOo

OCO0OO0OO0OdO0O00O0O0OO0OOo

O O0OO0ODO0OO0OOOOoOOo

Appendix A, continued

4N O

[eNeNe R NoNeNo)

A AN

4N O

N NANN—ANN

oOooNOOoOOo

v N

[eNeoNeRoNoNoNe]

NN NANNN A

v N

NN NN NN

OO oOoONOOoOOoO

L e B B B |

[eNeNeRs No o)

L e I B B |

AN AN AN NN A

AN ANANN AN

oo oOoONOOo

L e B e B I |

[eNeoNoRs No o Ne)

NANANANNN A

AN ANANNN AN

AN ANANN—ANN

oOooNOOoOOo

OO0 OO OoO—HOo

A NOHO

D B B B B B B9

OO OoOOoOOoONO

v N

S A A NO O

OO OO O-HOo

A A NO A

NANANNNN A

OO0 oOoOoOooOoNO

AN

A A NO A

A O NO

—ANO A0

e A NN

A O NO

" NN

A NO A A0

Constant

D B B B B B B
' —

162




Appendix A, continued
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Appendix A, continued

Power

OO OO OO O

OO O0OO0OO0OO0OOOoO

OO OO0 OOoOo

OO OO O0OO0OO0OOoO

OO OO0 O0OOoOd

OO O"1OO0OO0OOo

OO —H1HOOOOOo

[eNojolelolols Nol

OO0 00O OOo

[eleoleoNal NoNe)

OO O0OO0O"100O0o

O O0OO0OO0OO0OOoOOo

[eNelojololeNeNe)

[eNelojloNoleNo N

OooOooocooo

[eNeloloNoleNo N

[ejool NololoNo)

O OO O0OO0OO O

OO —HOOOOOo

oo Nololololls Noj

O O0OO0OO0OO0OOOo

[eeloNoNal o NoNe]

[eNoolol oo No)

O O0OO0O0OO0OOoOOo

O OO oo

oOoOoOoOooo

oOoooo

oOoOoOoOooo

oOoooo

OO —+H0OOo

ol eNeNoll]

oOoooo

oo ocoo

(=R NeNoNe)

-1 O O OO

[eleoleloNe)

oo oo oo

oo oo oo

oo oooo

oo oo oo

oo d1O0oo

OO OO O -

(oo ool N

oo oooo

oo ococoo

O—HO0OO0OoOOo

— O OO OO

[eNeNoRsNo Nl

[eNelololololNeNe)]

OO O0OO0OO0OOO

OoOoo0oooHoo

[eNelololololNeNe)]

(el eNolololoNol]

OO O+HOOOOo

oo lolololols Naj

ool lololoNoNo)

[eeloolal o NoNe]

O OO0 O0OOo

OO0 OO0 O0OOo

[eNeNoNoR NoNoNe]

OO O0OO0OOOOoOOo

OO O0OO0OOOOoOOo

[eNeoleNol No ol

OO O0OO0OOOOoOOo

OO O"dO0O0O0OO0o

O OO OOO O

[eNeloloNoNol Nl

OO0 O0O0O0OO0o

[eeleoNal NoNe)

[eR o NelololeNoNe)

OO0 OO0 Oo

[eNeNoNoRs NoloNe)

oo oooo

oOooooo

oOoocooo

oo oooo

oOoocooo

[oNeNoll s NN

OO —+HO0OO0OOo

OO OOCO

oo ocooo

O—"1O0O0O0Oo

— OO O0OO0OOo

[eleloNai o Ne

[eNeloloNelNo ]

[eNeloloNolNo N

OO oOooOocoOooo

[eNeloloNelNo ]

[eejael NoloNo]

[eNeloloNeNols]

OO HO0OO0OO0OOo

[eeloloNal Nol

oo ococoo

O OO0 O0OOo

OO0 OO0 O0o

Oooo+HoOoOOo

L B B B B B I |

AA A 1A NdHO

R B B B B B B QN

NNANANNN—AN

NANANANN—ANN

A A A N—AAO

L B B B B B B |

e A N

NANANNNNN A

AN ANANNANNAN

AN ANANNN—ANN

A A AN A A A

oOooco-

Cn e B B B |

L I B B |

oOoocowN

Cn e B B B |

N NN AN

[eleoloNolo N

L B B |

NN ANANN A

oo oowNOoO

L B B |

NANNANN

A A4 O NO

L B B B B B B |

D B B B B B B BN

A A 4O NO

e AN

NANANANANNAN

A A A A 41O N

D B B B B B B |

NANNNNNN A

A A A A 41O N

e AN

NANNNANNAN

L e B e B |

L e B e B |

L e I B B |

AN AN AN NN A

L e B e B |

N ANANAN AN

L I B B B e |

1

L e B |

NN ANNN -

NN NN AN

1 2 2

L e B |

2

NN AN—ANN

Constant

-1
-1
-1
-1
1
1
1
1

l*

-1
-1
-1
-1
1
1
1
1

164



Appendix A, continued
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APPENDIX B

The complete set of feasible events in A
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APPENDIX C

The complete set of balance equations represented by codes in a system of three

dependent Hypo(2)/Hypo(2)/1 queues which follow the First Interaction Scheme

for {P [0],P [1,P [2]}.
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