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Identification of complexes of operations 
with restricted measurements possibilities

• Description of complexes of operations.

• Identification of complexes of operations.
– unlimited measurement possibilities,

– limited possibilities of measurement of operations execution time,

– limited possibilities of measurement of operations execution time and 
size of task or amount of resources allocated to an operation.

• Final remarks

• References



Description of complex of 
operations
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– -dimensional vector of parameters:                               , 

– -dimensional vector of      -th operation’s inputs:                                , 

Description of complex of 
operations

– elementary static operations
MOOO ,,, 21 

For      -th operation description is given:m

( ) ,,,2,1,, MmauFT mmmm ==

where 0mT -th operation completion time,m
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Description of complex of 
operations

Coordinates of the vector stand for amount of resources or size of task
for      -th operation.

mu
m

Resources:

mF – is nonincreasing function with respect to all of the vector coordinatesmu

For each we have:ma
( ) .,0 =mmm aF

Tasks:

mF – is nondecreasing function with respect to all of the vector coordinatesmu

For each we have:ma
( ) .0,0 =mmm aF



Description of complex of 
operations

Structure of the system is described by the following graph:

   MMG ,,2,1,,2,1  

If then the      -th operation is performed just after the    -th operation ends up.( ) Gnm , m n

The whole system completion time: ( ),,,, 21 MTTTHT =

H – function determining the complex of operations completion time, dependent 
on the complex of operations structure.

where

( ) ( ) ( )( ) ( )MMMMM aaauuuFauFauFauFHT ,,,,,,,,,,,,, 2121222111  ==



Identification of complex of 
operations
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( ) ,,,2,1,, MmauFT mmmm == ( )MTTTHT ,,, 21 =

H – function determining the total runtime of complex of operation

MFFF ,,, 21  – known functions

Maaa ,,, 21  – unknown parameters



Unlimited measurement 
possibilities

Available measurements: ,,,2,1),(),( MmnunT mm =

where: )(nTm – measurement of      -th operation completion time for resourcem )(num

For each operation:

( ) .,,2,1,),()( NnanuFnT mmmm ==

Solving this system of equations with respect results in identification algorithm for
-th operation, 
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Unlimited measurement 
possibilities

• Example – tasks allocation for complex of parallel operations

Complex of parallel operations



Unlimited measurement 
possibilities

• Example – tasks allocation for complex of parallel operations

For the complex of operations we have description:

MmuauaT mmmmm ,,2,1,0,0, ==

The total size of all taks is . 

Solution of tasks allocation problem should satisfy the following constraints:

u









=== 
=

uuMmu
M

m

mmu

1

;,,2,1,0 D



Unlimited measurement 
possibilities

• Example – tasks allocation for complex of parallel operations

)()( nuanT mmm =For each operation we have:

Note, that for     -th operation one measurement is enough.m

Parameter of      -th operation’s description we evaluate as:m
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Limited possibilities of measurement 
of operations execution time

Available measurements: ,,,2,1),(,),(),(),( 21 NnnunununT M  =

where: )(nT – measurement of      -th operation completion time for resourcem )(num

Mm ,,2,1 =N – number of experiment’s repetitions

Observed completion time of complex of operations for measured data is given by:

( ) NnaaanununuFnT MM ,,2,1,,,,),(,),(),()( 2121  ==

Solving this system of equations with respect results in 
identification algorithm.

Maaa ,,, 21 
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Limited possibilities of measurement 
of operations execution time

• Example – tasks allocation for complex of parallel operations

Complex of parallel operations



Limited possibilities of measurement 
of operations execution time

• Example – tasks allocation for complex of parallel operations

Total completion time for the whole complex of operations is given by:

 mm
Mm

uaT


=
1
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For measurement data we have:

  .,,2,1,)(max)(
1

NnnuanT mm
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Solving this system of equations with respect results in 
identification algorithm.
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Limited possibilities of measurement 
of operations execution time

• Example – tasks allocation for complex of parallel operations

Total completion time for the whole complex of operations is given by:

 mm
Mm

uaT


=
1
max

For measurement data we have:

  .,,2,1,)(max)(
1
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Solving this system of equations with respect results in 
identification algorithm.

Maaa ,,, 21 



Limited possibilities of measurement 
of operations execution time

• Example – tasks allocation for complex of parallel operations

For     -th run of complex of operations we allocate all resources or tasks to a single 
operation:

mnMnnumumu mm === ,,,2,1,0)(),()( 

n

For such an experiment we have:

.,,2,1),()( MmmuamT mm ==

Solving this system of equations with respect results in 
identification algorithm in the form:
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Limited possibilities of measurement 
of operations execution time

• Example – tasks allocation for complex of parallel operations

We allocate all resources or tasks uniformly to each operation:
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For such an experiment we have:
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Solution of the system of equation is not unique with respect .,,, 21 Maaa 
We are only able to work out a parameter, which is a function of 
parameters :Maaa ,,, 21 
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation

Available measurements: ,,,2,1),(),( NnnunT =

where: )(nT  – optimal completion time for the maximal size of task or the global
resource )(num

.,,, 21
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For such allocation the completion time is minimal:

Following assumption about optimal task or resources allocation, we take the following
allocation into consideration:
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation

Solution of the problem results in optimal algorithms of allocation:

( ) .,,2,1,,,,, 21 MmaaauGu Mmm  ==

Optimal completion time for complex of operations:
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For observed measurement data we may propose the following system of equations:

( ) .,,2,1,,,,),(
~

)( 21 NnaaanuFnT M  ==

Solving this system of equations with respect results in 
identification algorithm.
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation
• Example – tasks allocation for complex of parallel operations
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation
• Example – tasks allocation for complex of parallel operations

The completion time of complex of operations is optimal as long as all operations are
completed at the same moment:

.21

 ==== MTTTT 

Taking description of operations and constraints, optimal task allocation satisfies
the following system of equations:
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation
• Example – tasks allocation for complex of parallel operations

.,,2,1,
1

1

Mm

a
a

u
u

M

m m

m

m ==


=



Solving the system of equations with respect results in optimal allocation
algorithm in the form:
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Optimal completion time is expressed by the formula: .
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Limited possibilities of measurement of 
operations execution time and size of task or 

amount of resources allocated to an operation
• Example – tasks allocation for complex of parallel operations
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For measurement data we have: .,,2,1,
1
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Solution of the system of equation is not unique with respect .,,, 21 Maaa 
We are only able to work out a parameter, which is a function of 
parameters :Maaa ,,, 21 

Obtained value may be treated as parameter of operation equivalent to the whole
complex of operations.



Final remarks

• Identification of complexes of operations.
– unlimited measurement possibilities,

– limited possibilities of measurement of operations 
execution time,

– limited possibilities of measurement of operations 
execution time and size of task or amount of resources 
allocated to an operation.

• The problem of separability.
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Thank you for attention


