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1. INTRODUCTION

Improvements in weapon system technology, and higher capacity and

speed in data transmission, combined with an increasing complexity of the

battlefield, impose severe time constraints on hardware, software, and

human decisionmakers. The purpose of this paper is to extend the

methodology presented in Bouthonnier and Levis [1] to consider measures of

performance (MOPs) and measures of effectiveness (MOEs) that include time.

Time has always been of crucial importance in combat and,

consequently, to command and control [2]. As Lawson [3] relates, 'in a

typical discussion of Command and Control, it is taken as axiomatic that

the information presented to the commander must be 'timely' as well as

accurate, complete, etc... Little or nothing is said about how timely is

timely enough; not is any yardstick given by which to measure 'timeliness'.

Rather, the clear implication is that all would be well if only

communications and computers were 'faster'. In addition, this attention to

rates (e.g., information processing rates, rate of fire, etc.) in which

time only appears in the denominator, has led to a preoccupation with the

performance characteristics of the component parts of a C3 system. It does

not provide any means of comparing the effect of an increase in one 'rate'

with that of an increase in some othe rate."

The methodological framework in this paper is the one first proposed

by Dersin and Levis [4,5] and then applied to C' systems by Bouthonnier and

Levis [1]. The aspects that time can take in a warfare environment are

numerous. The ones that this assessment methodology consideres are:

System response time. It characterizes the time delay between the moment

when the C3 system receives a stimulus and the moment it can deliver a

response. It is the sum of all the time delays at every level of the

process.

Tempo of operations. In most military situations, rates are used to

express the important quantities, e.g., rounds per minute, miles per hour.

2



The term in commom usage for the operating rate of a C3 system is its

'tempo". Lawson [3] defines it as the number of actions per unit of time

which the system is executing and states, further, that "the tempo tells us

how complex an environment the system can handle (i.e., its bandwidth)

while the response time tells us when it responds in time (i.e., the phase

delay in the system)".

These notions depend on what is actually taking place, i.e., the

scenario. The event that stimulates the C3 system is only the partial

perception by the system of a global scenario. Different scenarios can be

perceived through identical events, and the system is confronted with

uncertainty. Once the scenario is identified with enough certainty, then

an option must be selected. It appears that any assessment of a C3 system

must consider the crucial role of the scenario and the tempo of operations

it implies: to each scenario corresponds an evaluation of the

effectiveness of the system. These partial evaluations can be merged into

an overall measure of effectiveness for a given range of possible

scenarios.

Timeliness is defined here as a system's ability to respond within an

allotted time. Allotted time, in this context, is the time interval over

which our forces, which include a C3 system being assessed, can affect the

environment. This allotted time is described by a window of opportunity

whose parameters are determined by the system and the mission. Two

quantities are needed to specify the window of opportunity: one choice is

the lower and the upper bound of the time interval, t* and t**,

respectively; another one is one of the bounds and the length of the

interval, e.g., t and At. Such a time interval is not sufficient to

yield by itself a measure of effectiveness; one must also consider the way

this time is employed, i.e., one must consider the doctrine that is in

effect, was well as the tactics that are feasible in such an interval.

The methodology used in this paper is based on six concepts: system,

environment, context, parameters, measures of performance, and measures of

effectiveness. The first three are used to pose the problem, while the
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last three define the key quantities in the analytical formulation of the

problem. The analytical aspects of the methodology address mainly the

relationships between hardware characteristics, system structure, and

standard operating procedures (SOPs) to system performance.

The system consists of components, their interconnections, and a set

of operating procedures. A boundary can be drawn that defines what is

included within the system whose effectiveness is to be assessed. What is

included depends on the analysis at hand. The environment consists of our

own forces and the adversary's forces upon which our forces can act and

which can act upon ours. For example, the C3 system is used to direct

forces and monitor (sense) the environment. An engagement between two

forces in an urban area or at a mountain pass define typical environments.

A C3 subsystem of a fire support system or a communication network are

typical systems. The context denotes the set of conditions and assumptions

within which the system and the environment exist. The relationship

between system, environment, and context are shown in Figure 1.

Parameters are the independent quantities used to specify the system and

the mission requirements. For example, in the case of a fire support

system, system parameters may include quantities that describe the

detection equipment, computational time delays, kill radius of the

munition, and failure probabilities associated with the components, to name

but a few. Parameters of the mission may be the tempo of operations, as

described by the speed of the threats, and the size of the engagement.

Measures of Performance are quantities that describe system properties or

mission requirements. MOPs for a command and control system may include

reliability, survivability, cost, and probability to kill. The mission

requirements should be expressed by the same quantities as the system MOPs,

e.g., minimum reliability or survivability, maximum cost, or minimum

probability to kill. System parameters are define within the system

boundary; MOPs may be defined within the boundary or they may include

aspects of the environment.
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without considering the system to be assessed. Otherwise, the assessment

is biased. Since the steps of the methodology have been presented in [1],

they and the modeling of timeliness will be described here through

application to an idealized tactical fire direction system. This problem

is formulated in Section 2: in Section 3, the system and the mission are

modeled and their respective loci defined. In Section 4, a class of

measures of effectiveness is defined, while in Section 5 the results are

presented and discussed.

2. SYSTEM AND MISSION

The issues discussed in the introduction will be illustrated by

applying the methodology to an idealized fire support system that is an

"electronically integrated command and control information system that also

processes fire missions' [7].

One can isolate three main elements in the fire support system at the

battalion level: the forward observer, the battalion fire direction

center, and the field artillery cannon battery. The system can include

several forward observers and several batteries connected to the same

central battalion computer.

The Forward Observer (FO) receives the initial stimulus by detecting

an enemy threat. The FO is equipped with vehicle position determining

equipment and a laser rangefinder. These allow the FO to locate accurately

area targets for fire and to conduct one-round adjustments. The FO is also

equipped with the Digital Message Device (DMD), a portable, battery-powered

device that transmits and receives digital bursts. The FO uses the DMD to

communicate estimates of the position and velocity of the target, and

requests for fire to the battalion computer.

The battalion Fire Direction Center (BN FDC) is provided with a

central computer. Digital communication over any standard communication

means (radio or wire) provides for input of data into the computer center

and for the return of the results. Forward observers and firing batteries
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are provided with remote terminal equipment to obtain data from the central

computer.

The Battery Display Unit (BDU) is the cannon battery's link with the

C3 system. Each battery has one BDU. The BDU assists execution of fire

plans by receiving and printing firing data for each target that the

battery will fire. This receive-only unit initiates an automatic

acknowledgement that is sent back to the FDC computer.

While this is the basic configuration, additional equipment is

maintained in parallel to augnment the basic system. Voice communication

links can be added in parallel with the digital links, for instance,

between the battalion fire direction center and the cannon battery. Voice

communication is slower, more vulnerable, but still very useful, if the

digital link fails. If the fire support system computer fails at the

battalion-level, the battery has the capacity to do the firing computations

locally. This alternative is slower, though.

A schematic representation of the system that will be analyzed is

shown in Figure 2. Seven stages are shown. In this model, nodes are not

subject to failure; only links are. Alternative implementations of each

stage are shown by parallel links; e.g., a voice link is in parallel with

the digital link between the battalion fire direction center and battery B.

If the BN FDC computer does not work, the target estimates from the FO

can be sent to battery B through voice communication (the BN FDC acts as a

simple relay). The battery crew can then compute the firing data manually

with the Field Artillery Digital Automatic Computer (FADAC). In the case

where the firing data are computed at the BN FDC level and transmitted by

voice communication to battery B, neither the BDU nor the manual technique

have to be used. The voice communication of the firing data reaches

directly the firing platform of the battery. In order to assess properly

the effectiveness of this system, it is necessary to specify the

environment and context in which it operates, i.e., define the scenario.
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Figure 2. Fire Support System Structure

The idealized scenario that will be considered is shown in Figure 3.

Some vital node of our forces' C3 system is situated at the end of a

valley. A road along this valley leads to this node. The topography of

the area is perfectly known by our forces, and the road is the only access

to the node. A fire support battalion including one forward observer (FO),

one battalion fire direction center (BN FDC), and two batteries BI and B.

has been positioned to protect this access. This battalion is equipped

with the fire support system defined in Figure 2. The batteries cannot see

the road: they shoot according to the firing directions that are computed

on the basis of the observer's estimates.

An enemy tank (threat) appears in the field of vision of the forward

observer. It is moving on the road towards our forces with hostile

intentions. The mission is to defend the node, i.e., to prevent the tank

from attacking the node.

It is assumed that the threat cannot attack the fire support battalion

directly; the only countermeasure that will be considered is the jamming of

communications by the enemy. It is also assumed that the threat will

pursue its attack, even after it is fired upon. It will try to carry out

its own offensive mission, as if it encountered no reaction from our

forces. This is a highly idealized situation. It is used to illustrate

the methodology, rather than represent current practice in terms of

doctrine or tactics.
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Figure 3. Scenario

The problem of interest is to determine how effective this particular

command and control system is. But, as indicated earlier, to assess

effectiveness, one has to go outside the boundaries of the C3 system itself

and consider the mission and the environment. In this case, it is

postulated that the system to be assessed consists of the forward observer,

the BN FDC, the BDU, the FADAC, and the associated communication links.

The batteries themselves, as well as the threat and the node to be

defended, constitute the environment; the terrain constitutes the context.

Note that in applying this methodology, a choice has to be made each time

as to what is included within the boundaries of the system. In this case,

the sensors are included, as are some parts of the weapons system. In

another application, the whole fire support system could be considered as a

integrated weapons system.
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The system's performance will be characterized by three MOPs. Two of

them define the window of opportunity, namely, the upper bound t** and the

width of the window At. The third one is the overall probability to kill

(OPK) that measures the ability of the total fire support system to stop

the threat.

For each value of the selected system parameters, a value for the

triplet (t , At, OPK) is obtained. As the parameters are allowed to vary

over their respective range of values, a locus is constructed in the space

of MOPs. This is defined as the system locus, Ls.

The mission requirements in this case are expressed simply as the

minimum acceptable probability that the node will be defended successfully,

i.e., that the threat will be prevented from firing at the node. This

requirement can also be expressed as a locus in the MOP space; it is the

mission locus Lr. Effectiveness for this system and mission is defined by

how well the overall kill probability meets the mission requirement.

In the next section, the mathematical models of the system and the

mission will be developed and the corresponding loci constructed.

3. SYSTEM AND MISSION MODELS

Each node and each link of the C3 system is assumed to have a

probability of failure, independently of the countermeasures taken by the

enemy. These component failure probabilities determine the system's

reliability. Since the system is operating in a hostile environment, the

communication links are subject to jamming by the enemy. The probability

of failure due to jamming determine the system's survivability. Alhtough

the two concepts of reliability and survivability are distinct because the

underlying probabilities of failure have different causes, in this analysis

they will be merged to reduce the dimensionality of the problem. A single

vector of probabilities, p, will be used as a parameter that describes the

failure characteristics of the system's components. In a full scale

analysis, the two will be separate.
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The parameter that determines the tempo of operations is, in this

case, the speed w of the threat. A whole range of different versions of

the scenario can be investigated by varying the speed w.

It is assumed that the main source of uncertainty is the estimate of

the threat's state by the forward observer. If the FO uses two sightings

to determine the threat's state, then an appropriate system parameter can

be, for example, the angle B that separates the two sightings.

Intuitively, the larger the angle i the more accurate the speed estimate,

but the longer the response time.

Since the commander has a choice as to the resources he may use, two

cases will be considered: (a) one battery (B1 ), and (b) two batteries (B.

and B.). In the second case, two different tactics can be analyzed:

coordinated fire and uncoordinated fire.

Response Time and Window of Opportunity

The geometric relations for this scenario are shown in Figure 4.

threat T nFriendly

trajectory Node
(road)

02 ax

YT
01 min BN FDC

B1

i mile

0 1 mile

Figure 4. Geometric Relations between System and Threat
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To begin the process of quantifying the timeliness characteristics of

the system through the determination of the window of opportunity, consider

Figure 5, which shows the chronological sequence of the response process.

The time that a round fired by a battery hits the ground, timpact, is given

by:

3

timpact obs + A (1)
i=1

Azi is computed from the geometry in Figure 4. It is a function of the

speed w, the angle i, and the observation time [8].

Ar = A- (w',,tobs) (2)

A sensitivity analysis has shown that A=3 can be taken as constant for

this geometry and characteristics of the weapon system. For the values

chosen for this example, this constant is 36 seconds.

Ar1 Ar2 Ar3

Estimation of the .transmission of the estimates Flight time
position and velocity of the
of the target by FO .computation and transmission projectile

of the firing data
Setting -up of the battery B1

tobs End of t o timocc
observation estimation firing time
time

Figure 5. Time Profile of the System Response

Let the lower bound of the window of opportunity, t*, be equal to the

minimum impact time. For a given angle A and a given target velocity w,

the earliest impact time is determined by the earliest possible observation
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time, i.e., tobs = 0, and by the minimal time delay (A=)min between the

end of the estimation and the actual firing of the battery. Thus:

t = Al(w,,0) + (A)in + AT, (3)

This earliest impact time may be considered as the response time of

the system. Note that it depends on the scenario, the sensor

characteristics, and the positioning of the forward observer and the

batteries with respect to the threat.

Let M1 be the point on the trajectory where the threat leaves the area

covered by battery B. (see Fig. 4) in the single battery case, or the area

covered by either battery in the two battery case. Let the upper bound of

the window of opportunity, t - , be the time that the threat moves past

point M1 . This bounds from above the admissible impact times, i.e., only

impact times occuring within the window of opportunity are allowed:

(t < t** (4)impact max

where

t = K/w (5)

and K is the distance to point M1 and depends on the geometry of the

situation.

The resulting time interval, At, is the system window of opportunity:

the system can deliver a response to the stimulus at any time timpact

between t* and t** (for t < t**). The window of opportunity is completely

characterized by the ordered pair (t**, At), where At = t* - t*. Changes

in the values of the parameters w, and A lead to changes in the window of

opportunity.
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Performance

The single shot kill probability SSPK associated with an impact time

is easily computed by taking into account the uncertainty in the speed

estimate, and the kill radius of the munition. For fixed values of w and

tobs, the shape of the variations of SSPK with t is given in Figure 6; the

latter also shows an important trade-off. As P increases, the width of the

window of opportunity decreases because it takes a longer time for the FO

to obtain his estimate. But at the same time, a large A yields a more

accurate estimate of the speed of the target. Therefore, the kill

probability is increased. The upper limit t is unaffected by changes in

SSPK , < 2 C :3

_ O (31 P* timpactt
O t* th) t() 2 ) t*( 3 )mp a ct

Figure 6. Single Shot Kill Probability as a Function of Impact Time

Also, as time goes by, if there are no updates of the threat's state,

the uncertainty of its exact position increases and, therefore, SSPK

decreases with time.

The seven-stage structure of the C3 system has been presented in

Figure 2. The corresponding tree that represents the system states, Figure

7, reveals that out of the ten possible paths, six paths do not lead to the
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transmission of information from the forward observer to the batteries.

For each of the four paths that indicate successful communication, the

following quantities are defined:

q(i): probability that the path #i is operational; i = 1,2,3,4.

r(i) (= At)min(i) + At3, i.e., y(i) is the minimum time delay

between the estimates by the FO and the

impact time.

6(i): minimum time delay necessary to recompute new firing data

based on the initial estimates, to transmit them and to set up

the battery accordingly. If the system recomputes the firing

data immediately after each shot and fires in sequence, then

8(i) represents the minimum time delay between two shots.

the
DMD
does not work

-Pi U the digital link
does not work the voice link the FADAC

1FO-p2 does not work does not work
F0 -p5 ! -P

P1 the
DMD the BN FDC the voice lilik - the FADAC
works computer P works P7 workscomputer

3 does not work 5 7 works

2k P5 does not work
the digital
link works the digital

link does
not work

the BN FDC / nothe voice
computer link works
works 1 the voice link

P/does not

the digital 1-P6 the BDU work
link works does not

work 
P5\the voice

link works
J1Pi: probability of failure of a device (link or node) pi

the BDU
· failure in the transmission of the information from FO to B1 works

:successful transmission of the Information from FO to B1 0

Figure 7. Tree Representing System's Operational States
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The earliest response time to the stimulus is t . The system can use

the remaining time within the window of opportunity to deliver other

responses, e.g., to fire again, therefore increasing the overall kill

probability. This can be done in many different ways. This analysis

focuses on two of them, which are classical military doctrines, known as

"LOOK-SHOOTHOO T-SHOOT-SHOOT...LSS] and *LOOK-SHOOT-LOOK-SHOOT..."[LSLS].

Doctrine 1: "LOOK-SHOOT-SHOOT-SHOOT..." The observer initially makes

estimates of the speed and position of the threat, and then the battery

keeps on shooting at the target, recomputing each new firing data on the

basis of these initial estimates.

The observation time tobs is the same for each shot, since there is no

updating of the estimates. The time delay between two shots is thus the

interval 6. The battery fires as many shots as possible within the window

of opportunity, since there is no feedback from the observer.

Doctrine 2: "LOOK-SHOOT-LOOK-SHOOT..." After each shot, if the threat is

neither destroyed nor incapacitated, the observer makes new estimates of

its speed and position, new firing data are computed on the basis of these

updated estimates, the battery (or batteries) shoots according to these new

firing data, and so on until the upper limit of the window of opportunity

is reached.

The overall probability of kill (OPK) can be computed from the single

shot probability of kill, as follows:

n

OPK = 1 - ~ SSPK(timpact.n) (6)

n=1

where n is the number of shots possible for a given doctrine and a given

window of opportunity. The single shot probability is given by:
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Vw, ~, obs#n
SSPK(tjmpact~n) =( (7)

impact#n obs#n

where the function 4 depends on the kill radius of the munition, the speed

of the target, and the accuracy of the observation. Similar expressions

have been derived for Doctrine 2 as well as for the two battery case with

coordinated and uncoordinated fire. For details, see Cothier [8].

In calculating OPK, it is assumed that the C3 system operates in the

same mode (i.e., the same path is used) throughout that engagement.

Therefore, four different values of OPK can be computed, one for each

possible path.

System Locus

The three system MOPs (t , At, OPK) can be derived for each path i.

However, it is preferable to obtain an overall probabilistic description of

these MOPs. For any of the 6 paths (Fig. 7) that fail to transmit the

information from the FO to the batteries, At is zero, and so is the OPK.

For paths #1 to #4, Ati and OPKi vary according to what doctrine is

chosen. The MOPs to consider are thus the expected values of these

quantities.

4

At = EAti = q(i)Ati (8)

i=1

4

OPK = E{OOPKi} = 2 q(i)OPK9)

i=1
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where q(i) is the probability that the i-th path is used. The values of

q(i) is obtained by using structure functions and the failure probabilities

(Cothier [81). From now on, only the expected values of At and OPK will be

considered.

The dependence of the system MOPs on the system parameters is shown in

Figure 8. Note that OPK depends directly on the parameters w, A, and p, on

the two other MOPs, t and At (i.e., the window of opportunity), and on

the doctrine used. In other words, the parameters are mapped twice in the

third MOP, directly and indirectly.

Parameters i. OPs

W ~- __ i t * Doctri Pne

P OPK - -

Figure 8. Mapping of the System Parameters into the System MOPs

To each value of the parameter set (w,j,p) corresponds a point in the

MOP space (t , At, OPK). Now consider all the allowable values that the

parameters make take:

Wmin -W Wmax

kmin < A -< max (10)

Pmin - pPmax
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If the parameters are allowed to vary over their admissible ranges, then

the variations define a locus in the MOP space. This is the system locus

Ls.

Mission Locus

The analysis of the mission in this case is quite simple: the mission

requirements can be expressed directly at the MOP level. The mission

objective reduces to a single requirement, a condition on the third

attribute OPK. If A is the minimum probability that the threat will not be

able to attack the node being defended, then the mission locus, Lr, is the

region in the MOP space (t , At, OPK) that satisfies the inequality:

A < OPK < 1 (11)

In general, this would not be the case. Substantial analysis would be

required to convert mission objectives into requirements and then express

the latter as a locus in the MOP space.

In this section the system lcous and the mission locus have been

derived. The timeliness of the system has been described in terms of the

window of opportunity, which, together with the performance measure OPK,

have led to the system locus. In the next section, the two loci will be

used to define and evaluate MOEs.

4. MEASURES OF EFFECTIVENESS

The next step consists of comparing quantitatively the system MOPs to

the mission requirements, using the geometric relationship between the two

loci, Ls and Lr, in the MOP space. If the two loci do not overlap, i.e.,

if
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L nLL = (12)
s r

then the system MOPs do not satisfy the mission requirements for any

operating state of the system. Consequently, effectiveness should be zero,

regardless of which measure is used. On the other hand, if the two loci

coincide, i.e., if

L n L = L = L (13)
S r s r

then the system and the mission are perfectly matched, and effectiveness

should be equal to one. Three cases can be distinguished when the two loci

have points in common.

(a) Neither locus is included in the other,

L n L $ P and L n L < L and L n L < L (14)
S r s r s s r r

In this case, only some of the values that the system MOPs may take

satisfy the mission requirements. Many different measures can be used to

described the extend to which the system meets the requirements. Each of

these measures can be considered as an MOE which, if normalized, takes

values in the open interval (0,1). Let V be such a measure. Then one MOE

is defined by

El = V(L n L )/V(L ) (15)s r s

while another is

E = V(L n L )/V(L ) (16)
s r r

(b) The system locus is included in the mission locus:
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L n L = L (17)
s r s

The measure E1 is equal to unity - all operating conditions of the

system meet the requirements. But E2 is less than one; the system can

attain only certain values of the requirements.

(c) The mission locus is included in the system locus:

L hL =L (18)
s r r

that is, the system meets all the requirements, but also has operating

conditions that do not meet the requirements. Then E1 is less than one,

and Ez is equal to unity.

These measures are only two of the many that can be defined; they can

be thought as partial MOEs, since they give only partial information about

the relationship between the two loci. These partial measures can be

combined into a single measure through the use of a utility function:

E = u(E ,E ,...,E k) (19)

The subjective judgements of the system developers and the users can

be incorporated into the effectiveness analysis through the selection of

the partial measures and the utility function.

5. EFFECTIVENESS ANALYSIS AND COMPARISON OF DOCTRINES

For this example, only the first partial MOE of Eq. (15), E., will be

used. The mission locus is such that E, is very small and does not

descriminate between different cases.
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The One-Battery Case: Comparison of Two Doctrines

Figures 9 and 10 show the system locus and its intersection (shaded

region) with the mission locus for each doctrine. The ratio of the shaded

volume over the total volume of the system locus is larger for doctrine 1

and for doctrine 2:

EZ(1 battery, doctrine 1) = 0.55

EL(1 battery, doctrine 2) = 0.50

When the tempo of operations is fast (the threat moves rapidly), the window

of opportunity is small: it is better to make an accurate measurement of

its speed once and then fire rapidly in sequence without taking time to

make new estimates, rather than to make an estimate, shoot, make a new

measurement, and so on. Therefore, the LSS doctrine is more effective than

the LSLS doctrine. The first doctrine provides a more timely response --

while the initial response time of both doctrines is the same, doctrine 1

allows for a higher rate of firing than doctrine 2.

The Two Battery Case

When the two batteries B. and B. are considered, it appears from

Fig. 4 that their areas of coverage overlap. The threat moves first on a

part of the road that is covered by battery B1, then on a part that is

covered by both B. and B.,and then on the part that is covered by Bz alone.

It has been assumed that the tank has to go beyond the range of B. in order

to be able to fire at the C3 node. Therefore, the probability of kill

varies with time, suddenly increasing, then decreasing. Assuming a 'LOOK-

SHOOT-SHOOT-SHOOT..." doctrine, two different options for the fire support

commander will be considered:
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Option 1: The two batteries shoot at the threat independently, each one

using its window of opportunity at the maximum. There is no coordination

between the two batteries.

Option 2: Battery BX starts firing only when the threat enters the area

covered by both batteries. In other words, the commander decides not to

fire immediately with B1, but to wait until coordinated fire can be

achieved, i.e., both batteries B. and B. shooting so that their projectiles

hit the target trajectory at the same time. The system's window of

opportunity is thus reduced to that of battery B.. The time interval

during which B1 holds its fire can be used to keep the observer's estimate

updated.

Figure 11 and 12 show the system locus and its intersection (shaded

region) with the mission locus for both Options 1 and 2. The evaluation of

the effectiveness of the system for both options, measured by the ratio of

the shaded volume over the total volume of the system locus, yields the

following results. Let E,(1) be the MOE when Option 1 is used and E1 (2)

when Option 2 is used.

Then

El(1) - E1(2) - 0.6

Therefore, both options result in approximately the same value for the

effectiveness of the system. In Option 2, fewer shots are fired than in

Option 1. In this case, coordination reduces costs for the same kill

probability. However, this is not reflected in the MOE. Additional MOPs,

such as cost, must be introduced, if one would like to discriminate between

the two options.
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It is important to note that Option 2, coordinated fire, is a better

choice than Option 1, although its window of opportunity is much narrower.

In fact, the time available is better managed: it is more effective to

wait in order to implement a better option. This example shows that a

larger size of the window of opportunity does not necessarily lead to

higher effectiveness.

6. CONCLUSIONS

In this paper, the notion of timeliness has been integrated in the

analysis of a system's effectiveness by treating the temporal

characteristics of the system as performance measures. The resulting

measures of effectiveness have embedded in them the time-related notions of

response time and tempo of operations through their impact on the window of

opportunity. These MOEs allow also the quantitative comparison of

different doctrines: Some doctrines are shown to make better use of the

available time than others. Therefore, this methodology for effectiveness

analysis can be used to evaluate doctrines appropriate to a given

situation.

A second point has been illustrated by considering the relationship

between system components. While the speed of processing and transmission

of data can be improved, the effectiveness of the system may not change if,

for instance, the reliability and survivability of the system's components

are not improved also. Faster does not necessarily mean better; it can

even mean worse, if the increase in speed is gained at the expenses of the

system's survivability. The methodology allows one to relate a change in

one part of the system to a change in another part: the variations in the

features of a given system are not considered separately, but jointly.

This yields useful perspectives for the design of future C3 systems. The

influence of any modification either in the components, or the structure,

or the doctrine, can be evaluated, using the proposed measures of

effectiveness of the system.

26



A third point refers to the window of opportunity. The size of the

window of opportunity is not a sufficient determinant of a system's

timeliness. The location of the window, determined by the response time,

must also be considered.

The methodology is flexible enough to be adapted to many kinds of

systems: evolving systems [91, automotive [10], manufacturing [111, or

guidance and control [121. Current efforts are directed toward developing

the properties of several classes of MOEs, developing graphics software for

the efficient construction and analysis of the system and mission loci, and

applying the methodology to more complex problems such as evaluating the

effectiveness of a large C3 system for doing indirect identification of

friend, foe, or neutral.
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