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Problem

The decision maker has more information packages 
than he can deal with.



Result

He will be overloaded and ignore all or part of the 
information - which will lead to a limited use of the 
system and undermine the quality of the decision.



One Solution

To find the best order to deliver the packages of 
information to the decision maker.



Some Considerations to Implement 
the Solution

Working Model



Some Considerations to Implement 
the Solution

First, we consider t  R∈
+
 , the system time, and t = 0 as the 

initial time of the system. 

So, we have taken into account the following:

1. The number of 

 of information in the queue is I, I  N∈
+
.

2. The system has C, C  N∈
+
 types of information packages.

3. Each C
c
, C

c
  N∈

+
 types of information package has an 

expected time TPC
c
 ,TPC

c
  R∈ +  and TPC

c
 > 0, in which each 

information package of this type is processed.



Some Considerations to Implement 
the Solution

4. The number of information package of the type C
c
 is 

IC
c
 , IC

c
  N∈

+
. 

Therefore, we have ∑IC
c
 = I.

5. We can assign, to each information package I
i
 , a 

value function v
i
, v

i
  R∈

+
 which describes how the 

value of information packages varies over time.



Value of Information Packages 

The types of value of information included in our model are:

1. Decreasing Linear, in which:

V
i 
(t) = b

i
 – a

i 
* t, if t < b

i
 / a

i

v
i
 (t) = 0, otherwise.

2. Step, in which:

V
i 
(t) = c

i
, if t < t

f

v
i
 (t) = 0, otherwise.



Aggregated Value to the Decision 
Maker

We define the following:

1. vi, vi  R∈
+
 as the total aggregated value of the 

packages of information provided by the C2 system if 
all of them could be processed as soon as they arrive 

in the queue. So, we have:

vi = ∑v
i 
(TPC

i
)

2. t
end
, t

end
  R∈

+
 as the time in which the decision maker 

finishes processing all the packages of information in 
the queue.



Aggregated Value to the Decision 
Maker

We define the following:

3. v(t), v(t)  R∈
+
 as the aggregated value to the decision 

maker, in time t, due to the fact he has processed 
information packages. 

So: v(0) = 0,

because, at time t = 0, the decision maker has not yet 
processed any information package.



Aggregated Value to the Decision 
Maker

We define the following:

v(t+TPC
j
)) = v(t) + v

i
(t+TPC

j
)),

because after process a package of informating, the 
decision maker aggregates the value of it. 



Aggregated Value to the Decision 
Maker

We define the following:

4. lv(t), lv(t)  R∈
+
 as the loss of aggregated value to the 

decision maker in the time t due to the fact that all the 
packages of information have not been processed at 

the time they arrived in the queue. 

So we have:

lv(t
end
) = vi - v(t

end
)



How to Implement the Solution

The goal is, given a queue with I 
packages, to determine an order to 

deliver the packages of information to 
the decision maker aiming to maximize 
the aggregated value at the end of the 

processing.



How to Implement the Solution

One example of delivering order is the 
chronological order in which the 

packages of information are delivered 
in the order they arrived in the queue, 

that is, this order is (i
1
 , i

2
 , i

3
 , ..., i

I
).



How to Implement the Solution
If I = 0 or I = 1, the problem is trivial, because v(t

 end
) = 0 and   

t
 end

 = 0, in the first case, and v(t
 end

) = v
1
(TPC

1
 ) and t

 end
 = 

TPC
1
, in the second one. 

If I > 1, we have the following: the number of orders in which 
the packages of information can be delivered is I! (the 

factorial of I).

Excluding computational limitations, it would be enough to 
test all I! possible orders and to verify which one generates 

the biggest aggregated value to the decision maker.



Problem to Implement the Solution

However, as mentioned in [Cormen et. All, 2001], as the 
factorial function grows faster than even the 

exponential function, it is not feasible to list all the 
possible orders, unless we take I as a small value. 

So it is not feasible to verify which one generates the 
highest aggregated value to the decision maker, 

unless we take I as a small value.



New Solution

We need a strategy to maximize (or 
increase as much as possible) the 
aggregated value to the decision 
maker without testing all possible 
orders to deliver the packages of 

information.



Example Situation for Work

We consider a system with three types of information 
package of, that is, C = 3. 

The processing times expected for each type of 
information packages are: TPC1 = 4, TPC2 = 5 e TPC3 

= 10. 

In this context, we have a queue with 4 information 
packages, i1, i2, i3, and i4, which types and value 

functions are listed in the following.



Example Situation for Work
information
package

Type Value Function

i1 1 v1(t) = 300, if t ≤ 10; 
v1(t) = 0, otherwise.

i2 2 v2(t) = 500 − 10t, if t ≤ 50; 
v2(t) = 0, otherwise.

i3 1 v3(t) = 500, if t ≤ 5; 
v3(t) = 0, otherwise.

i4 3 v4(t) = 100 − 2t, if t ≤ 50; 
v4(t) = 0, otherwise.



Example Situation for Work

vi = v1(4) + v2(5) + v3(4) + v4 (10) = 

300 + 450 + 500 + 80 = 1,330. 

In this case tend = 10, it is the time in which the decision 
maker finishes processing the package of information that 

has the bigger TPCi, i4. 

We conclude that the aggregated value in using the system 
will be at most 1,330.



Example Situation for Work

If we analyse all 4! = 24 orders to deliver the packages 
of information that are possible in our example 

situation, we will see that the best delivering order of 
the packages of information is 

(i3, i1, i2, i4), that has 

v(tend) = 1,224 and 

lv(tend) = 106. 



Strategy of Delivering in 
Chronological Order

Most current C2 systems delivers information packages 
to the decision maker in chronological order that they 
arrive at the system, that is, they deliver the package 

of information i1, then i2, and so on, until iI. 

They use the order (i1, i2, ..., iI) to deal with our problem. 



Strategy of Delivering in 
Chronological Order

Considering the queue of our example situation, the 
aggregated value to the decision maker using this 

strategy is: 

v(tend) = v1(4) + v2(9) + v3(13) + v4(23) 

= 300 + 410 + 0 + 54 = 764. 

In this case, 

lv(tend) = 1,330 − 764 = 566 



Strategy of Delivering in the 
Descending Order of the Values

In t = 0 

the values of the packages of information are: 

v1(0) = 300, 

v2(0) = 500, 

v3(0) = 500, and 

v4(0) = 100.



Strategy of Delivering in the 
Descending Order of the Values

In t = 5 

the values of the packages of information are: 

v1(5) = 300, 

v3(5) = 500, and 

v4(5) = 90.



Strategy of Delivering in the 
Descending Order of the Values

In  t = 9 

the values of the packages of information are: 

v1(9) = 300 and 

v4(9) = 82.

Finally, in t = 13, 

as there is only one package in the queue, 

the system sends i
4  to the decision maker.



Strategy of Delivering in the 
Descending Order of the Values

We can see that this strategy chose (i2, i3, i1, i4).

v(tend) = v2(5) + v3(9) + v1(13) + v4(23) = 

450 + 0 + 0 + 54 = 504.

lv(tend) = 1,330 − 504 = 826



Strategy of Minimal Loss for 
Processed Information

We have defined lvj as the loss of value of the packages 
of information that remains in the queue when we 
have chosen the package of information ij to be 

processed. Therefore, we have:

lvj = ∑i≠j
 [v

i 
(t + TPC

i
) - v

i 
(t + TPC

i 
+ TPC

j
)]



Strategy of Minimal Loss for 
Processed Information

The SMLPI (Strategy of Minimal Loss for Processed 
Information) chooses for processing the package of 

information j that has the lowest lvj. 

After this package of information had be processed, it 
was removed from the queue. 

This process is repeated until there is only one package 
of information in the queue. 

So the last one is processed.



Strategy of Minimal Loss for 
Processed Information

In t = 0:

lv1 = v2(5)−v2(9) + v3(4)−v3(8) + v4(10)−v4(14) = 548,

lv2 = v1(4)−v1(9) + v3(4)−v3(9) + v4(10)−v4(15) = 510,

lv3 = v1(4)−v1(8) + v2(5)−v2(9) + v4(10)−v4(14) = 48, and

lv4 = v1(4)−v1(14) + v2(5)−v2(15) + v3(4)−v3(14) = 900.



Strategy of Minimal Loss for 
Processed Information

In t = 4:

lv1 = v2(9)−v2(13) + v4(14)−v4(18) = 48,

lv2 = v1(8)−v1(13) + v4(14)−v4(19) = 310, and

lv4 = v1(8)−v1(18) + v2(9)−v2(19) = 400.



Strategy of Minimal Loss for 
Processed Information

In t = 4:

lv1 = v2(9)−v2(13) + v4(14)−v4(18) = 48,

lv2 = v1(8)−v1(13) + v4(14)−v4(19) = 310, and

lv4 = v1(8)−v1(18) + v2(9)−v2(19) = 400.



Strategy of Minimal Loss for 
Processed Information

In t = 9:

lv2 = v4(18)−v4(23) = 10, and

lv4 = v2(13)−v2(23) = 100.

Consequently, the last package of information that will 
be delivered is i4.



Strategy of Minimal Loss for 
Processed Information

In this example, the order obtained by using the SMLPI, 
that is (i3, i1, i2, i4), is the best one.

How about other situations?

We have run simulations...



Parameters of Simulations

1. 5 (five) values of I (the number of information packages 
of in the queue), namely 20, 30, 40, 50, and 60;

2. The system has two types of information, so C = 2. 

The value function of the first type is Linear Descending 
and the value function of the last one is Step. 

The simulation chooses the type of each information 
package with 50% of chance for each one. 

TPC1 = TPC2 = 10;



Parameters of Simulations

3. If the type of the package of information is equal to 1, 
that is, the type that its value function is the 
Decreasing Linear, the simulation chooses:

the value of b in the set {100, 150, 200, 250, 300, 350, 
400, 450, 500, 600}, with 10% of chance for each one 
of 10 values 

the value of a in the set {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}, with 
10% of chance for each one of 10 values.



Parameters of Simulations

4. If the type of information package is equal to 2, that 
is, the type that its value function is Step, the 
simulation chooses:

the value of c in the set {100, 150, 200, 250, 300, 350, 
400, 450, 500, 600} again, with 10% of chance for 
each one of 10 values.

the value of t in the set {10, 50, 100, 200} with 40%, 
30%, 20%, and 10%, respectively, of chance for the 
values.



Results of Simulations

Value of I vi Chronolog
ical Order

Descendi
ng Order 
of their 
Values

SMLPI

10 1,313 266 562 620

20 2,630 267 749 830

30 3,950 266 853 932

40 5,261 266 918 993

50 6,573 266 967 1,039

60 7,884 266 1,000 1,074



Conclusion

Simulations show that the average of the 
aggregated value to the decision 

maker using the proposed strategy is 
higher than this value using the 

Strategy of Chronological and than the 
Strategy of Delivering the packages of 
Information in the Descending Order of 

their Values. 



Conclusion

Another important observation is that the 
most the decision maker is overloaded, 

the most the proposed strategy is 
advantageous.
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