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ctlon in the Presence of Nonuniform, Mixed Suppressive Fir~ j\

~~J~21? 
~~~ thy J ‘Horn g \ ~~~~~~~ ~~~Horrtgan Fjialytics,

Suppression, as a concept, is given a simpl e operational explication
through a ‘single—round period of suppressive effect’ which is associated
with each projectile impacting In the vicinity of a combatant. During
each such single-round period of suppressive effect, which coninences at
an indicator instant, the affected combatant is suppreeaed; at all other
times the combatant is wieuppreeaed . A period of 8uppreeeion for a com-
batant that Is unsuppressed begins wi th an impact that produces a nonz~ro,single-round period of suppressive effect; and it ends when the affect~dcombatant first thereafter becomes unsuppressed. Artibrarily long random
periods of suppression for the affected combatant may thus arise from
overl ap between consecutive singl e—round periods of suppressive effect. ~~—

By proceeding from this definition , expected durations of periods of sup_”\pression are deduced under very general conditions for situations in which
the impact times of the associated projectiles are adequately represented
by Independent Poisson processes wi th constant intensities. The resulting
model is mathematically exact, and it includes:

Arbitrary , random durations for individual single—roundD D C periods of suppressive effect that stochastically depend

rr

~

r?flflflr2r_\ on the miss-distance of the associated projectile

MAY 12 1918 111 • An arbitrary number of different, nonuniform impact
distributions for each type of projectile

L~1~ L~U U • Different distributional characteristics for the single—
round period of suppressive effect associated with each
distinct pair of projectile-target types

The formulas which result are remarkably simple; they depend only on the
average durations of the random single—round periods of suppressive effect
and the average arrival rates for the associated rounds. Expected detection
times for search processes in which the search activity is suspended during
periods of suppression retain the same simplicity.

~~ In those situations the expected durations of a period of suppression and
~~ of a period to a detection grow exponentially both with the rates at whichI ~ Ui projecti les impact and wi th the average durations of the probabilistically

different, single-round periods of suppressive effect. When the detection
rate during suppression is small but not identically zero , the corresponding
expected detection times can be much smaller than what they are when that
rate Is Identically zero. Indeed , they can become sufficiently small to make
all—or-nothing representations of suppressive effect unsatisfactory for many
typical applications. Fractional suppression , a more satistactory concept,
is ntrn’-fuced to accomodate nonzero activity rates during suppression.
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SUPPRESSION AT ITS SIMPLEST

Suppression is initially idealized herein as a hiatus introduced into a
combatant’s activity by the nearby impact of a round. Such a hiatus , when
associated with a single round , Is defined to start at the time of the
impact or other indicator and to continue for a positive duration there-
after. It is termed a single—round period of Buppresaive effect; ‘volley’
or ‘burst’ may, of course, be substituted for ‘round’ when appropriate.

The duration of a single-round period of suppressive effect is inherently
voluntary and accordingly may vary widely from combatant to combatant and
even from one combatant at a given time to that same combatant at another
time. Miss-distance, envi ronment, and round type are additional important
sources of variations. However, because the duration is volun tary, speaking
of a constant duration is meaningful notwithstanding what may be its actual ,
probably great variation from Instance to instance.

So long as all inter—round Impact times exceed the duration of a single—
round period of suppressive effect, the total time during which a combatant
Is suppressed Is defined to be the sum of the individual durations. When
additional rounds impact during an existing period of suppressive effect,
that period will be prolonged, at least until cessation of the single-round
period of suppressive effect associated with the last of the additional
rounds . A period of suppression for a combatant is consequently defined
to termihate when an Inter-impact time first exceeds the duration of a
single-round period of suppressive effect. The disci pl ine thus prescribed
for the idealized combatant is that its combat activities are to be resumed ~~~~~~~~

—

at the expiration of the single-round period of suppressive effect associated ~~~~~~~~~~~~~~~~~~~~~~~~

with the last impact in its proximity. t’ $ectI~~
III?? 

~~ tIN o
Together these concepts determine a nearly irreducibly simple mathematical , 0
model of suppression. It requires only

I1’~
a region of suppressive affect associated with Iv4~~’~44.d1. ~t.7t—~f 3
each combatant

• a constant duration r for the single-round ~~~~~~~~~period of suppressive effect caused by an
Impact in the affect region

*• a Poisson process N Ct) with constant intensity
A for the impact stream within the affect region

so that A and t , two parameters, alone need quantification. N*(t) is of
course the Impact point pr2cess, the number of impacts In the affect region
In a duration t. Define S to be the random duration of a period of
suppression.

Without loss of generality the combatant may be assumed initially to be
suppressed by an impact in Its region of suppressive affect at time zero.
It will thus remain suppressed at least until t ; whether it continues to
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be suppressed at some time t depends on whether an appropriate number of
timely additional impacts occur. On the hypothesis that N Ct) = n , the
impact times of the n rounds In the affect region are uniformly and m dc-
pendently distributed on the Interval [O,t) because N (t) is Poisson. If

for I = 1, 2, ... , n respecti vely designate the random inter— impact
times for those rounds, and If Tn+l is the duration between the last Impact
and t , it follows from a theorem1 of De Finetti that

n+l * 
n+l

Pr{ A1 T1~tj} (1- ~~
- > t1)~

when (x) + des ignates the positive part of x : (x)+ 0 for xcO , and (x)+ = x
otherwIse. By virtue of an i denti ty2 for the realization of none out of m
events (with m = n+l) , the probabili ty that all the are equal to or less
than r Is:

n+l n+l
Pr{ 

~
j T~:r} =

Since the duration S of the period of suppression exceeds t if and only if
all the T. are equal to or less than t , it follows that the right member

1 * *of the preceeding equation is in fact Pr{S >tJN (t) = n} . Therefore, the
*

unconditional probability that S >t is

Pr{S*>t} = 
~~~k 

(l)k[A (t kt) ]k_l [
(t )

+]e
_ X[t_ (t_kt)+]

after the resultant order of suninatlons is exchanged and the inner extended
sumation Is put into closed form.

The right member of this equation Is not convenient for the determination
*of the expected value of S or its variance. Its Laplace transform, however,

is both convenient and intrinsically useful , as later considerations will
illustrate. Let £ be the Laplace transformation operator , and let s be the
transform variable. Te rniwise application of the fundamental transformation
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for powers of t , which may be written (

=

for positive, integral m , together wi th the shift theorem yields

£ [Pr{S >t}] = [1~c 
5)
~
t]/[s+Ae•••

~
(A+S)T]

* *
Since the moments of S can be obtained from Pr{S >t} in the following
manner

* ~ n-l *E(S ) = n~~t Pr{S >t}dt
JO

* *it follows directly that E(S ) is merely the value of £[Pr{S >t}] at
s = 0 ; therefore,

E(S ) = (~~~
t_~~)/~

The second moment similarly follows from the derivative of £fPr{S >tJ]
with respect to s as evaluated at s = 0 ; and the variance clearly follows
therefrom as

Var(S*) = (e2At _2~reAT _ l) /A 2

after the appropriate algebra is performed.
*The exponential dependency of E(S ) on A and t implies that small increases

in the impact rate in the course of an engagement can induce large , sudden
increases in the average duration of suppression periods, once a moderate
impact rate has been achieved. The similar growth in the vari ance suggests
very substantial fluctuations in those durations . In fact the coefficient
of variation for S~ is asymptotically one.

Just how rapi dly E(S*) can change Is shown by Exhibit I, following this
page. For selected durations t of the single-round period of suppressive
effec t, E(S*) is graphed as a function of the impact rate A in the region
of suppressive affect. When r is as small as two seconds , slight changes
in the impact rate can produce great changes in E(S*), the average duration
of a period of suppression. As Exhibit II shows, those great changes in
the average duration of suppression In response to slight variations in
the impact rate are matched by the correspondingly great changes caused by
slight variations in the duration of a single-round period of suppressive
effect. Consequently small discrepancies between assumed durations of
supp ressive effect and actual durations can introduce great variations in
any durations of suppression periods extrapclated therefrom.
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Al though these formulas appear new in the con tex t of suppress ion , they are
well-known In other appl ications ; in fact they have a surprising propensity
for being rediscovered In new contexts3. They may also be derived by more
general means than those herein employed, notably by the methods of renewal
theory. The derivation just outl ined Is, however , direct and is the one
that led to the formulas in the context of suppression.

DETECTION IMPEDED BY SIMPLE SUPPRESSION -

Many search activities in the combat environment are characterized by an
exponentially distributed detection time. Any such activity consequently
possesses the Markov property for the exponential distribution’ and Is
therefore easily adjusted to account for being suspended during periods of
suppression. Indeed, a detection may occur only between periods of suppres-
s ion because the hiatuses they crea te bloc k all such even ts wh i le they las t;
in other respects the search and bombardment activities are presumed inde-
pendent. The Markov property then insures that the random detection time
retains the e~ne exponential distribution regardless of the number andduration of preceding periods of suppression and fruitless search. Since
N*(t) is Poisson, ft similarly insures that the duration between the end
of one period of suppression and the start of the next defines a family of
independent, identical ly distributed random variabl es.

Accordingly a basic suppression-search cycle exists . It begins wi th the
onset of a period of suppression and ends either with the onset of another
period of suppression or a detection, whichever first follows the Initial
period of suppression. All cycles are identically and independently dis-
tributed in duration. The first part of a cycle of course has the duration
S~ , that of a simpl e period of suppression. The last part is the period
between the cessation of suppression and either a detection or an impact,
whichever occurs first. Since the search activity and the bombardment
activ ity are independcnt as ide from per iods of sup press ion , the probability
distribution for the duration from the end of the period of suppression to
the end of the cycle follows directly.

* *Designate that duration by I . Since I is the minimum of the time to
the first detection and the time to the next impact, which are independent ,
exponentially distributed random variabl es, it follows that

Pr{T*>t} = e~~
7
~

T)t , t�O

when y is the detection rate in the absence of suppression. A cycle thus
has the duration S~ + T~ ; and the probability that it ends with a detec-tion , an event which is independent of both S~ and 1

* , is eas i ly shown
to be .y/(y+x) .

A combatant that is initially suppressed at the time zero may or may not
end its first cycle with a detection. The random number of cycles up to
and including that on which its first detection occurs has a geometric
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*distribution. Designate that random number by N ; It then has the
geometric probability density

Pr~N* = =

Further, designate the random duration of the i—th cycle by C . Then
the time D* to the first detection is simply

*
N

D* = > f l C~ -

1

a sum of independent, identically distributed random variables. The
average time E(D*) to the f i rst detec tion follow ing the onse t of a
period of suppression Is

E(D*) = (l/A+l/y)e~
T 

— 1/ A

*which is an imediate consequence of the preceding expression for D

Suppress ion , when taken as a hiatus , is thus seen to have a great eff ect
on detection times. They grow at a rate even greater than the s imple
suppression periods previously examined. Exh ibit III, following this
page, illustrates that rapid growth when the average detection time in
the absence of suppression is 20 seconds. The average detection time
in the presence of suppression is displ ayed as a function of the impact
rate for a single-round period of suppressive effect of unit duration in
comparison wi th the average duration of a singl e per iod of su pp ress ion
under the same circumstances. The strong effect that all-or-nothing
periods of suppressive effect have on detection times is manifest.

* *Because the random duration of a suppression-search cycle Is S + I ,
a sum of two independent random variabl es, the Laplac e trans forma tion

* *C(’) of its frequency function is the product of those for S and T
*Since that for S follows directly from that of its tall , which is al-

ready es tab li shed , and that for 1* is imediate, their respective
product

C1~~ 
A+s A+y

A+se’ A+y+s

wi th s as the transform variabl e, gives the Laplace transform of the
frequency function for the duration of a suppression-search cycle. As
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Is the sum of N* such variables , which are identically distributed ( .
and are Independent both of each other and of N* , the Laplace trans-
formation of the tall of D~ j~ -

£Pr{D*>t) = ~~ {l_C(s)]/ [A+y_A C(s)] 
*in which s remains the transform variable. The expected va lue of 0

already der ived, as well as the higher moments can of course be easily
and directly obtained from this equation. Later a more significant use
will emerge.

MISS-DISTANCES, WEAPON MIXES, AND GENERALIZED SUPPRESSION

No doubt the mos t apparen t unsat isfactor y assumption underl ying these
formulas is the idealized constant duration of the single—round period
of suppressive effect. Further, that duration is required to be inde-
pendent of miss-distance, and it mus t be the same for each type of
round. Ignoring casualties is of course a shortcoming, but the suppres-
sion process itself is not thereby grossly restricted, as it is by the
aforementioned assumptions.

Several avenues of generalization for the simpl e model are thus suggested;
and they l ead to broadly applicabl e formulas of remarkable simplicity.
The generalized suppression model established therefrom permits :

• Random durations for single-round periods of
sup press ive effec t

• Durations for single-round periods of suppres-
sive effect that depend on miss-distance

• Distinct characteristics for the periods of
suppressive effect associated wi th each ordi-
nance or projectile type -

• Segregated , nonuni form delivery of any mixture
of projectile types

The general model thus encompasses a subs tantial number of factors that
affect suppression. Durations of suppression for each round type are not
only permitted to be distinct , but also they may be ran dom var iables w ith
different probability distributions , which may be functions of miss-distance.

Random durations for singl e-round periods of suppressive effect allow
differences in judgment of an individual combatant to be reflected as
variations in the single-round suppressive effect of even Identical
rounds impacting at the same distance. Durations of single—round periods
of suppressive effect that detenninistically depend on miss-distance
are thereby randomized regardless and thus illustrate another variation
in the suppressive effect of identical rounds. Permitting single-round
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( periods of suppressive effect to depend on miss—distance also allows local
nonuniformltles in projecti le delivery to be faithfully represented.

In the simpl e model all impacts In the area of supprc~ ;ive affect produce
a single—round period of suppressive effect of fixed duration r ; in the
general model a projectile of the i-th type fired from the j -th source
produc~es a singl e—round period of suppressive effect with the random
duration T

~j  
, all of which are Independently distributed. In the simpl e

model there is only one rate for impact in the area of suppressive affect;

in the general model there is one such rate for each projectile type
from each source. The respective impact times of projectiles of each
type from each source are assumed to follow independent Poisson proc esses
with the respective intensities Aij

Presumably the duration of a single-round period of suppressive effect
depends on miss—distance. Given a particular combatant and situation, a
particular projectile type, and a fixed miss-distance x , there is a
random variable  T*(x) which Is the duration of the singl e-round period
of suppressive effect that resul ts from an impact a distance x from the
combatant. Of course , the duration of such a suppression period may be
taken as function of the miss-distance. In either event , because the
miss-distance itself is a random variabl e, the resul ting single-round
period of suppressive effect has a random duration.

As Indicated above the random duration of this suppression period tor a
projectile of the I-th type from the j—th source is T~ In which depen-
dency on miss-distance is implicit. If the function si(t,x) is the
probabil ity density for a single-round period of duration t arising from
the impact of the 1—th projectile type a distance x from the combatant,
and if f1~ (x ) is the probability density governing impacts at x by a
projectile of the i-th type from the j—th source , then the expected
(average) duration of a single-round period of suppressive effect is

E(T~~) j Jtsj (t ,x)f 1j (x)dxdt

The remarkable aspect of the generalized model is that these expected
val ues together with the average impact rates A 1j determine the expected
duration of a suppression period and expected detection times as well.
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As in the simpl e model , for an entity to be st~ppressed for a duration t , (
there must be an unbroken chain of overlapped , single—round suppression
periods which together, from the beginning of the first to begin, to Vie
end of the last  to cease, consti tute a duration t . Unlike the simple
model , the durations of the singl e-round periods of suppressive effect
are no longer the same in duration; short ones and long ones are haphaz-
ardly mixed, and many gaps between short ones may be filled by a single
long one. Despi te this great increase in physical complexity and a
comparable increase In mathematical difficulty, there 1! littl e change
In the formula for the expected duration of a suppression period.

For R round types and N fire sources define A , the combined Impact rate
of projectiles in the region of suppressive affect , as follows :

A = 

~~~~~~

As in the sim ple model , designate the random duration of an overall
su ppress ion per iod by S~ . Then the expected duration of an overall
su ppress ion period in the genera l ized model is

E(S *) = .}~~exp [
~ 

> . x 1~
E(T j )]_ l

~1 1 i i

a remarkably simpl e formula, which invol ves only the expected durations
of single-round periods of suppressive effect.

When each round type is represented by a distinct single—round period of
suppressive effect which is a constant independent of miss—distance, the
formula simpl ifies further. In that case there are no random variations
In the duration of a single-round period of suppressive effect. For a
fixed round type all such periods are of identical duration. For the
i-th round type designate the duration of a single—round period of sup-
press ive effec t by r.~ Because the r~ are functionally independent of
miss-distance, they are consequently Independent of the source of fire.
Hence , the segregation of impact rates by the source of fire is not nec-
essary in this case. Accordingly, if A 1 is defined by

A 1 ~~~~A jj

then it d~si gnates the Impact rate of the I-th type of projectile In the
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region of suppressive affect. The expected duration of an overall period
of suppression is accordingly given by

* 1 rc— 1
E(S ) = r exp 

~4L.1 A itij—li i

* pIn which S again designates the random duration of an overall suppression
per iod and A the combined impact ra te .

EXPECTED DETECTION TIMES IN THE GENERALIZED MODEL

Detection in the generalized model is conceptualized just as it is In the
simpl e model . A combatant cycles between suppression and search until
it first makes a detection before the onset of the next suppression per-
iod . Despite the greatly increased physi cal complexity encompassed by the
general model there is no proportionate increase in the complexity of the
formula for expected detection times. With D* again designating the ran-
dom time to a detection by an initially suppressed combatant, it can be
shown that

R N
E(D*) = (l/~ + l/A)exP

[~~~ >._~
A jjE(T jj)]_l /A

when y remains the parameter in the exponential distribution of detection
time in the absence of suppressive fires. Thus a simple, general , and
conven ient formula is available for connec ting the effect of suppressive
fires wi th the ability to return fires.

When the durations of single-round periods of suppressive effect are
assumed constant for a given projectile type a somewhat simpl er formula
governs:

E(D*) = (1/y +

in which 
~i 

again represents the single-round suppression duration assigned
to the I-th projectile type, and A 1 designates the corresponding impact rate.
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DURATIONS OF SUPPRESSION FOR UNDAMAGED COMBATANTS

These formulas neglect causalties . While that Is a minor omission
relative to the simple model , it is still a flaw. It tends to lengthen
expected detection times because it implicitly ignores the fact that an
entity must survive in order to detect. The condition that a combatant
survives the rounds impacting in its area of suppressive affect during
the suppr ession periods preceding its making a detection reduces the
expected number of such impacts.

How the dura tion of a period of su pp ress ion is affected is easil y seen
in terms of the simpl e model. With 6 designating the single—round
damage probability and u(t) designating the event that the combatant is

und amaged dur ing t he t ime t , the formula

E[S*IU(S
*)] = [(l+6At)/(6 +

gives the ex pected dura tion of those periods of sup press ion dur ing wh ich
the combatant is undamaged. In situations in which no damage is possi-

ble 6 is zero, and E[S*JU(S*)J then equals E(S ). For positive 6 it is

always less than E(S*) ; and it strictly decreases with increasing 6
until finally, when 6 is one, it becomes t , the smallest possible period

of suppression in the simpl e model.

Whether the quantitative consequences of using E(S*) v ice E[S*IU(S
*)]

are major or minor obviously depends strongly on the singl e-round
casualty probability 6 . When it is small and the impact rate is small

to moderate, the consequences appear to be negligible. However , when-
ever it is not small or the im pac t ra te is high , the consequ ences are
major. In such cases the consequences are greater for damaged com-

batants; for instance, if 6 Is small and A moderate, then E[S*I U(S
*)]

can be about ten percent less than E(S), whi le E[S*IU(S
*)) can be

twice E(S ). On the other hand , when 6 Is moderate and A high , the

reverse can easily ob ta in; E[S*IU(S*)] can be about half E(S*), while
E[S*IU(S

*)] exceeds it by no more than ten percent or so. In either

case , those periods of suppression during which casualties occur are
much longer than those during which there are none. Combatants , in
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effec t, are pinned down by suppressive fires for much longer times when
damage occurs -- a possibly surprising fact considering the assumed total
randomness of the fires.

FRACTIONAL SUPPRESSION AND EXPECTED DETECTION TIMES

Neglec t of casual ties i s not the onl y fl aw in the genera l ized su ppression
model . A more fundamental one is the idealization of suppre~s ion as a
hiatus in the activity of the suppressed combatant. Al though that handy
idealization is comonly used in modeling suppression , it is none the
less counterfactual. Suppressive fires slow down activities ; they do not
necessarily stop them. Idealizing suppression as a hiatus is adequate
only insofar as periods of suppression are considered in abstraction —-
without any interaction wi th combat activities .

Search activities are a case in point. Expected detection times in the
presence of suppressive fires can very easily become very long , as Exhibit
III illustrates . Simply because those times can be so long , the difference
between suppression as a stopping of all activity and suppression as a
slowing of it is important. If suppression is truly a hiatus in combat
activities , then detections cannot be made during periods of suppression ,
regardless of thei r durations. If suppression is anything less total ,
however , detection5 will then frequently be made during periods of sup-
pression , particularly when their expected durations are long.

Suppression that is less than total is herein termed fractional BuppreeBion;
during periods of fracti onal suppression combat activities proceed at a
fraction of their unsuppressed rates. Search activities of the type pre-
viously defined , that proceed with a search rate y in the absence of sup-
pression , proceed wi th the reduced, fracti~nal rate ‘rç (for an appropriate
n in the unit interval ) during periods of suppression . Expected detection
times therefore can never exceed l/(riy) regardless of the duration of periods
of suppression. Fractional suppression and casualty production thus both
operate to decrease the duration of detection times.

Idealizing a single-round period of .suppressive effect not as a hiatus
in a search activity but as reduction In some major factor, for example
the solid angle available to the combatant for search, captures a vital
characteristic of the interaction of search and suppression. A l imit on
the efficacy of suppressive fires to inhibit detection is imposed ; a point
of diminishing return is established. Increasing rates of fire no longer
produces progressively greater increases in expected detection times. In—
stead , successive increases reach a maximum and then become progressively
smaller; and the expected detection time can never be forced beyond l/(~y)A necessary logica l boundary is thus incorporated without which the suppres-
sion process i tself is compromised. -

What fractional suppression means is easily visualized in terms of the
example. An upright combatant, for example , typically has a field of
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view that is much greater than that available from a crouching or
a prone position. Nearby impacts which result in that combatant’s
taking temporarily a crouching or a prone position thereby introduce
frac tional su ppress ion by reduc ing the sol id angle availa ble for
search activity from that available in an upright position to some
smaller portion. As a result the search rate is decreased, and the
expected detection time is Increased. Impacts in the vicinity of 8
crouch ing combatant similarl y can cause the sol id angle availa ble
for search activities to be reduced to that portion availabl e from
a prone position. Thus conceived , fract ional su pp ression makes the
counterfactuality of suppression as a hiatus obvious.

Quantifying frac tiona l sup press ion i s stra ightforward. The fraction n
itself, in terms of the example , i s merel y the ra tio of the steradian
of the solid angle availabl e to the search activity in the presence of
suppression to that availabl e in the absence of suppression. The
search activity can accordingly be represej~ted by two independentprocesses , one charac ter ized by the searc h ra te (l-n)y and the other
by the search rate ny . The first process arises from search in the
solid angle that is unava i lab l e durin g per iods of su ppress ion ; the
secon d process arises from search in the solid angle that is always
availa ble. Suppression always suspends the first process, but it
never affects the second.

*Consequen tly, the random detection time D1 associated wi th the first
process behaves exac tly the sam e as the random detec tion time in the
presence of simpl e suppression previously examined. That random

*detection time D2 associa ted w ith the second process of course follows
the exponential distribution. The random time D (n) at which the com-
batant, cycling between fractional suppression and sear h, makes its
next detection is clearly just the minimum of those two random times.
The tail of the distribution of 0 (ii ) is thus

* * * *Pr{D (~)>t} = Pr{D1>t,D2>t} = Pr{D1>t)e ~

In which the right-most member follows from the independence of the
underlying search processes. The n-th moment of D*(fl) is thus given by

E[D*(fl)]n = nft
n_l Pr{D~>t}e_flYtdt

which is essentially nothing other than the (n—l)-th derivative of the

148



previously established Laplace transform £Pr{D*>t} of the tail of 0*
after r~y is substituted for the transform variable and (l-~)y is substi-
tuted for the original search rate. Consequently, if the variable z Is
def ined by

(A+~y)(x + (l-r~)y)z =  , -.

(A+y)[A +

then the expected detection time E[D (~ )] in the presence of fract ional
suppression Is

E[D ( )] = fA+(l-n)y](l—z)
ny[(l-n)y +A(l—z))

Regrettably, the algebraic simplicity of the expected detection time
E(D ) in simple suppression is lost, but ~ vital recognition of dimin-
ishing returns, wh ich is muc h more than compensa tory, is acquired.

How fractional suppression affects expected detection times Is shown in
Exhibits IV and V, which follow this page. In both those exhibits the
suppression fraction i~ takes the values : 0.0, 0.05, 0.1, 0.25, and 0.5
The first value , of course , corresponds to t he usual ideal ization of
suppression as a hiatus; the values from 0.05 to 0.25 are perhaps more
representative. In each exhibit the expected detection time. In the
absence of suppression Is 20 seconds.

In Exhibit IV the single-round period of suppressive effect is 5 seconds,
and the ra tes of impact A are small to modera te, yet variations in the
expected detection times are great. When A is about 0.1 the range is
already significant , and i t increases subs tant ially wi th increases in A
When A equals 0.5 the slight difference in the suppression fraction n
between total suppression (~ 

= 0) and nearly total suppression ~ = 0.05)
resul ts in an almost 40 percent reduction In the expected detection time.
The difference in detection times arising from total suppression and the
next level of reduced activity (n = 0.1) exceeds 50 percent. If n is
about 0.1 instead of 0, then the expected detection time Is overestimated
by 120 percent. The percentage differences increase slightly with smaller
expected detection times for detection in the absence of suppression and
decrease slightly with larger ones.

A single, high Impact rate Cx = 1) Is used In Exhibit V , and the expected
detection times for the selected suppression fractions are graphed as
functions of the single-round period of suppressive affect r . The effect
of the high Impact rate is plain. When r is about 2.5 seconds, the range
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of detection time variations matches the maximum encountered In Exhibit IV.
For values of r larger than 2.5 seconds , that range, wh ich Is already more
than substantial , becomes gross. When r isa bout 5 seconds, the expected
detection time for all-or—nothing suppression (i~ 

= 0) is nearl y ten times
greater than that with a suppression fraction n of only 0.05

For moderate and higher impact rates and moderate single—round periods of
su ppressive effect , small variations in the suppression fraction thus pro-
duce large to gross changes in the ex~~cted detection times. As the ex-
hibits show, par ticularl y Exh ibit V , fractional suppression strongly limi ts
the increases in expected detection times that can be obtained by Increases
in the single-round period of suppressive effect; diminished returns from
the longer periods are most apparent. Fractional suppression similarly
l imi ts the increases in detection times that can be obtained from Increases
in the rate of impact, and the diminished returns It imposes are equally
impressive. Casualty production further limi ts such increases iii expected
detection times . The greatest changes occur relative to departures from
all-or-nothing suppression; hence , for all but the lowest impact rates,
idealizing suppression as a hiatus Is ill—advised.

I

I
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