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ABSTR ACT
This technical paper presents modifications to the methodology concerning
del ay imposed on ground forces due to interdiction air strikes as
presented in cACDA TP 3-79. That paper presented the rationale underlying
the development of a new delay methodology for TALON. The methodology
involves four types of mutually exclusive, exhaustive del ay events that
were imposed upon regiments due to air strikes. This paper briefly
reviews the computations for three of those delays and presents a new
technique for computing delay caused by crater-producing munitions. This
paper also details the resultant delay from the interaction of consecutive
but separate flights of two to four aircraft. The total regimental delay
is the sum of the four types of delay in the case of an air strike against
an undelayed regiment. However, if the regiment is currently in a delay
status from a previous air strike, then the resultant total delay for the
regiment depends on the type of delay being imposed at the time of the
subsequent strike. Example delays are given for attacks of one, two, and
four aircraft. The methodology is equally applicable for Blue delay due
to Red air strikes as well as Red delay due to Blue air strikes.
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1. INTRODUCTION. This paper is a second Iteration of a methodology that
quantifies delay of second echelon forces based on air attacks
(interdiction) against those forces. The first Iteration is contained in
CACDA Technical Paper TP 3—79 (reference 3), which states that a joint
project was undertaken by the USAF Tactical Fighter Weapons Center (TFWC)
and the USA Combined Arms Combat Developments Activity (CACDA) in November
of 1978 to determine what tactical air resources would be required to
delay advancing second echelon Red forces and what opportunities would
present themselves to the Blue commander if significant delays could be
achieved, The primary model used to conduct this study was the Tactical
Air/Land Operations (TALON) model at TFWC. Since the delay methodology
being used in TALON at that time was not valid for a deep inter’diction
study, a new delay methodology was required. Background for this
methodology remains the same as in IP 3-79, pages 1-2. The methodology
has been extended In two areas:

• Interaction of consecutive but separate flights of two to four
aircraft, where each aircraft In a flight may make one or more hot
passes over a target.

• Modification of impaired movement delay due to crater employment.

2. OVERVIEW. The general approach to delay of second echelon forces by
one flight of two to four aircraft is the same as in TP 3—79. In that
document there are four mutually exclusive , exhaustive delay events, with
associated delay times defined as follows:

• Heads Down Time (HO) -- the initial reaction of the Red forces to
Blue air attack.

. Damage Assessmen t T ime (DA ) - the time requi red for a commander to
receive reports from his subordinates, assess the situation, and
then report to his higher headquarters.

• Damage Control Time (DC) -_ the time required to treat personnel
- ; casualties (first aid) and recover undamaged and/or slightly

damaged vehicles.

• Impaired Movement Time (IM) -_ the time required to bypass craters
and remove burn ing vehicles and other obstacles from the road.

This methodology addresses the expected time delays assessed against a
single regiment of 12 companies. It does not assess casualties to the
compan ies of the regiment. In this paper the term “hot pass” or “pass ”
is used to denote one aircraft flying over and attacking a company in the
regiment once. A “flight” is a set of aircraft making hot passes at the
same time. Typically, a flight consists of two aircraft making one or
more hot passes at 5 or more mi nutes separation from other flights . A
“strike” denotes a group of aircraft sent to attack a regiment. The
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assumptions for this approach are the same as in TP 3-79; In particular ,
complete Intelligence, no adverse weather, and single companies attacked
(usually) by two, three, or four aircraft. Appendix B is a program in
BASIC that computes regimental delay based on the number of hot passes in
each flight, starting times of the flights (Input in ascending order),
whether or not crater munitions are employed, and the effectiveness 0f the
munitions employed. These inputs could be entered directly, provided by
data, or computed Internally In TALON or other war games from gainer
orders, for each critical Incident. This methodology does not address the
delay of forces when several regiments are interdicted.

3. DELAY CALCULATIONS FOR ONE FLIGHT. This paragraph outlines the
calculations for the four delays. The first three are the same as in IP
3—79; the Impaired movement delay calculations have been changed. The
basic data come from the “Minutes of an Exploratory Meeting on
Interdiction Study AC 243,” NATO Panel VII, 1-3 February 1978 (reference
1). Further details on the method, how data were obtained, and the
derivation of the formulas (especially the first three) are In TP 3-79.
That paper also relates the number of companies attacked as a function of
the number of hot passes in a flight.

a. Heads Down Time (HD). If the regimental column was moving, it was
assumed that the regimental delay would be the same as for a single
company (as was being done in TALON at that time). For a stationary

• regiment dispersed In an assembly area, It was assumed that the delay
would be degraded by the fraction of companies attacked to total
companies, thus:

If the regiment is moving in columns, regimental HO delay
(number of hot passes)* (1 minute)

If the regiment is not moving, regimental HO delay (number of
- ~

- hot passes)* (fraction of companies attacked)* (1 minute)

b. Damage Assessment Time (DA). The following assumptions regarding
the damage assessment event were made:

. Damage will alwa~ys occur because of the highly effective newinterdiction munitions being employed by Blue aircraft (such as
Wide Area Antiarmor Munitions (WAAM)).

• Only armor and motorized rifle un its are of Interest. If they can
be delayed, the “other” units are of no concern.

• Attacks against armor and motorized rifle units are equally likely.
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I

These assumptions end the NATO study were used in IP 3—79 to compute the
expected delay required for a company to assess damage. Since this damagewould usua lly occur in some sma ll number of companies, the regimental
delay was “deweighted” thus:

Regimental DA delay (expected delay for company DA)* (fraction
of companies attacked)

c. Damage Control Time (DC ). The followi ng assumptions regarding the
damage control event were made:

• First aid and vehicle recovery can be accomplished in parallelsince medics w ill normally be invo lved In f irst aid, and mechanics
and crew will be Involved in vehicle recovery.

Recovery of both undamaged trucks arid undamaged fighting vehicles
will be required.

• Three cases of first aid (five or fewer casualties, six to tencasualti es, and more than ten casualties) are equally likely .
These assumptions and the NATO study were used in TP 3—79 to compute the
expected time for a company to control damage. The maximum of first aid
delay and vehicle recovery delay is used in the NATO computed company
delay below, since first aid and vehicle recovery were assumed to be done
in parallel. Rand Report R—1194—PR, May 74 (reference 2) , currently
applied in TALON, was also considered. It was decided to use the maximum
of the two delays (NATO and Rand). The Rand formula below uses the term
“regimental strength” from the TALON model, which stands for the combatmass of the regiment expressed in terms of the value of a representativecombat system. Thus, the following computations are perf ormed for DCdelay:

effectlveness per A/C)*(nr. of passes)
number of companies attacked

• fraction of company destroyed 
________________________________

• regimental stren9th
number of companies

I fraction of company destroyed
• Rand Study company delay 720 

[~
_ 

fraction of company destroyed

• NATO company delay max (first aid delay, recovery delay)

• Company DC delay max (NATO company delay, Rand study companydelay)

3
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• Regimental DC delay (company DC delay) * (fraction of companies
attacked)

d. Impaired Movement Time (IM). The following assumptions regarding
the impaired movement event were made:

• The removal of burning vehicles can be accomplished In parallel in
all companies attacked. -

• Bypassing of bomb craters will be required only when aircraft are
carrying crater—producing munitions.

• Craters are bypassed in parallel (see appendix A for definition of
parallel).

• Only the front four companies are attacked with crater muniti ons ,• and each company is equally likely to be selected for attack (see
appendix A).

• No companies are left behind (see appendix A).

• Effectiveness is the probability of getting crater-producing
munitions on the road (see appendix A).

This delay is appropriate only for a moving regiment in column. Appendix
A develops regimental delay caused by crater producing munitions as a
function of the number of companies attacked. These delays are:

Number of companies attacked Regimental delay
• 1 42

2 45.33
3 47
4 48

The delay due to removing the burning vehicles was computed from the NATO
Study In IP 3—79. Thus, the following computations are performed for IM
delay for a single flight:

• remove vehicle delay ~ (expected company time to remove)*

~1-(1—effectiveness) 
(number of passes)~

• crater bypass delay (expected delay determined from appendix A)*

~1-(1-effectiveness) 
(number of ~asses)}

• If not employing crater producing munitions , regimental IM delay
remove vehicle delay

4
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• . if employing crater-producing munitions , regimental IM delay =

remove vehIcle delay + crater bypass delay.

• If a second flight employs crater—producing munitions at a later time and
succeeds in placing craters in front of the previous craters, then (as a
result of the parallel assumption) the remaining crater bypass delay from
the first fl i ght no longer applies , but the delay caused by the second
flight does apply. This concept is discussed further In the next
paragraph and appendix C.

4. INTERACTIONS OF MULTIPLE FLIGHTS. This paragraph details the
resultant delay when one flight of aircraft starts before the effects of
an earlier fli ght end; it also defines a resultant flight for use in
computing the combined effects of following flights. Since a flight
results in four mutually exclusive , consecutive, exhaustive events, we
consider five separate cases: the second flight occurring during the
heads down event, damage assessment event, damage contro l event, Impaired
movement event, or after the effects of the first flight are over. This
methodology is predicated upon the separate flights being considered in
ascending order of starting time. The approach is an inductive one. The
first step in the induction is given in each case below. For the general
inductive step, fli ght one should be replaced by the l ast resultant
f light; flight two replaced by the next flight in sequence; and resultant
f light by the new resultant flight. The process continues through all
flights. 

• 

- •

a, Case 1. Second flight starts during the heads down event. Since
the second flight starts before the forces begin damage assessment, we
assume heads continue to stay down for the second flight; possibly some
self defense starts, but still no damage assessment, contro l , or
substantial movement occurs. Thus, the resultant fl ight has a heads down
time from the start of the first flight until both heads down periods
end. Damage assessment, damage control , and impaired movement delays are
computed as if the two flights were one (i.e., computed using the total
number of hot passes from both flights in the formulas of paragraph 3).• The resultant delay is determined based upon these delays from the tota’
number of hot passes and heads down time. See figure 1.

5
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Flight one HO DA DC
I I I I

• Flight two HO DA DC IM
~~~~~~

- I I

Resultant b a a a
flight HO DA DC IM

-
~~~ I p

Note: a. DA, DC, IM on resultant flight are computed by
considering total aircraft of both flights.

b. This point is the maximum time of heads down from
flights one and two.

Figure 1. Case 1, Second flight starts during the
heads down event.

b. Case 2. Second flight starts during the damage assessment event.
This methodology assumes that Information obtained before the second
flight starts is of no value because of confusion, new damage, etc. Thus
the resultant flight has a heads down time from the start of the first
flight until the end of the heads down period of the second flight.
Damage assessment, damage control , and impaired movement delays are then
computed as in case 1. See figure 2.

Flight one HO DA , DC tM

Flight two ,HD DA DC IM

Resultant a a a
flight HO DA DC IM

Note: a. DA, DC, IM on resultant flight are computed by
considering total aircraft of both fl i ghts.

Figure 2. Case 2, Second flight starts during
the damage assessment event
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c. Case 3. Second flight starts during the damage control event.
The methódoTogy assumes that the Interrupted damage control event from the
first flight may be continued during damage assessment for the second
fli ght. Damage assessment and control for both flights are assumed to be
completed before movement resumes; hence, delay due to the impaired
movement is computed by considering the total hot passes of both flights
as in case 1. The resultant fl ight is defined to have a heads down period• from the start of the first fl ight to the end of heads down from the
second flight. Thus, tne resultant heads down event is really a pseudo
heads down event. But, since the flight following the second of the two
fli ghts which combined to make the resultant flight does start later, its
starting time will occur during the actual heads down event or a l ater
event of the second flight. Hence, this process may be continued. The
damage assessment event continues until the end of damage assessment from
the second flight. Damage control ends at the end of the second flight
damage control unless the damage control event of the first flight cannot
be completed during the damage assessment event of the second fl ight. In
this case the remaining damage control of the first flight is added to the
damage control of the second flight. See figure 3.

Flight one HO DA DC IM

• Flight two HO DA DC IM
I I I 1

Resultant b a
flight HD DA DC IM

Note: a. IM f or resultant flight is computed by
considering total aircraft of both fl ights.

• b. DC of fli~ht two plus DC øf flight one not
completed during DA of flight two.

Figure 3. Case 3, Second flight starts during
the damage control event

d. Case 4. Second flight starts during the impaired movement event.
In this casiThe delays due to the first flight are all completed except
for a portion of the impaired movement event. This case assumes that
actions to correct the interrupted impaired movement event from the first
flight may be continued during damage assessment of the second flight.
The resultant flight is then one with heeds down starting at the start of
the first flight and ending at the end of heads down for second flight,
damage assessment for second fl ight, damage control for second flight , and

7
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Impaired movement ending at end of impaired movement of second flight plus
remaining vehicle removal time from the first flight (not finished during
damage assessment of the second flight): See figure 4.

Flight one HD DA DC IM
I I -~

Flight two HO DA DC IM
4

Resultant a
flight HD DA DC IM

I I I

Note: a. IM of flight two plus vehicle removal in IM of
flIght one not comp leted during DA of flight two.

Figure 4. Case 4, Second flight starts during
the impaired movement event

e. Case 5. Second flight starts after all effects of the previous
flight are completed. In this case the total delay is the sum of the two
separate flight delays. No event times are changed; or, in other words,
the resultant flight Is the second flight.

5. EXNIPLES.

a. Table 1 contaIns the delays caused by one flight computed by the
methods of both TP 3—79 and this paper. There may be one aircraft with
two passes or two aircraft with one pass each in the two pass examples,
and two aircraft with two passes each or four aircraft with one pass each
in the four pass examples.

Table 1. Delays Caused by One Flight

Regimental Strength = 265

Number of passes 1 2 2
Moving ? Yes Yes Yes• Craters ? Yes Yes No
Effectiveness .33 .33 .5

Delay Time This This This
• (mi nutes ) TP 3-79 paper TP 3_7g paper TP 3-79 paper

HO 1 1 2 2 2 2
DA 2.25 2.25 4.5 4.5 4.5 4.5
DC .91 .91 1.82 1.82 2.78 2.78
IM 9 18.48 11 32.70 7 10.50
Total 13.16 22 .64 19.32 41.02 16.28 19.78

8
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Table 1. (cant)

Number of passes 2 4 4 4
Moving ? No Yes Yes No
Craters ? No Yes No No
Effective— .5 .33 .5 .5
ness

Delay time This This This This
(minutes) TP 3—79 paper 1P3-79 paper TP3—79 paper TP3-79 paper

lW .33 .33 4 4 4 4 1.33 1.33
DA 4.5 4.5 9 9 9 9 9 9
DC 2.78 2.78 3.64 3.64 5.56 5.56 5.56 5.56
IM 0 0 15 49.51 7 13.13 0 0
Total 7.61 7.61 31.64 66.15 25.56 31.68 15.89 15.89

b. Table 2 contains the delays caused by five flights occurring at 5
minute i ntervals computed by both methods. Again, four passes may mean
four aircraft, one pass each; or two aircraft, two passes each, etc.

Table 2. Delays Caused by Five Flights

Regimental Strength = 265
Regiment Moving

Situat i on IP 3—79 This paper
Total Delay Total Delay
(minutes) (minutes )

Five flights: four passes each 51.68 62.65
flight , no crater munitions,
effectiveness .5

Five flights: two passes each 56.02 73.90
• flight, craters on first and

fourth flights, crater
H effectiveness .33, non-crater

effectiveness .5

L -



6. DISCUSSION .

a. The modifications reconinended for impaired movement are built on
assumptions that are intended to reflect actual operations more closely
than the previous approach. This del ay Is an expected del ay that depends
upon the effectiveness of the munition. This new approach also reflects
the need for applying crater-producing munitions near the front of the
regimental column. From the previous paragraph , the expected impaired
movement delay caused by two passes using cratering munitions with an
effectiveness of .33 against a regiment was 11 minutes by the former
approach, but 32.7 mi nutes by the new approach. (Actually, the 11 mi nutes
Is independent of eff ectiveness , whereas the 32.7 would vary with
effectiveness.) From the NATO study, it was derived that a company would
tak e 14 minutes to clear the road of damaged vehicles and an extra 4
mi nutes to bypass any crater the company came upon. If craters can be
placed at the front of a column , then each company would take 4 mi nutes to
bypass the crater, so 32.7 mi nutes seems more reasonable than 11 minutes.

b. The modifications suggested here for the i nteraction of multi ple
flights are built upon assumptions concerning four events that result from
an attack on a regimental column. These assumptions attempt to reflect the
interactions of the multiple passes that were not reflected in the previous
version. The interaction rules should be considered open to modi fication
upon further study. The previous approach, which considered the total
delay due to overlapping flight to be the time from the start of the first
flight to the end of the l ast flight, ignores the effects of an early
fli ght once a subsequent flight starts, and thus almost certainly
underestimates the actual delay. For example, in the TP 3-79 approach a
fli ght of four passes not employing crater munitions would delay a moving
regimental column 31.68 mi nutes. (This delay was obtained using impaired
movements as suggested above.) There are two methods for computing the
delay caused by five flights of four hot passes each from this delay. The
approach used in TP 3—79 would yield a total delay of 51.68 minutes; i.e.,
the total time from the start of the first flight until the end of the
fifth flight without any Interaction of the fl ights. It should be noted
that (in this case) the additional delay caused by flights subsequent to
the first Is only 20 minutes, due totally to the interval between flights.
The suggested approach, as Implemented by the program at appendix B,

• computed a delay for the column of 62.65 minutes .

c. Two factors must be considered in the application of this
methodology:

• (1) Delay in this context means arrival at some point l ater than the
arrival if no delay had been imposed; delay is not the time of a complete
stoppage.

(2) The second factor Is related to the continual applicat ion of
delays by this methodology. The basic data in reference 1 were obtained by

10
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questioning military officers. The questions concerned the effects of
smal l formatIons of aircraft attacking company—sized units; the discussion
emphasized Initial reactions and the expectation of follow-up raids.
However , little was presented on the effects of repeated attacks and the
effects of attacks on a column while in a delay status that would lead one
to expect the response of the column to further attacks, after many
attacks, would be different from the original response. The column may
also advance during a long period of continual air strikes and possibly
join the forces at the FEBA , so the situation being modeled may change.
Therefore, caution must be used in modeling continual air strikes of long
duration by this methodology. More specifically, this methodology was
designed with the Blue air strike tactic of several smal l flights at 5 to
10 mi nute intervals in mind. For this tactic the methodology yields
reasonable delay. ‘Playing the model ’ by employing single aircraft flights
every 20 mi nutes to otain i ndefinite delays is not considered reasonable.

d. It should be noted that the modeling technique employed here is
deterministic because it uses only expected values. This approach was
considered appropriate since the intended application of the methodology
was the TALON model . However, reference 1 contains the probabilitie s of
different responses of a unit to air strikes, as well as some ranges of
delay times for different responses. Thus, a stochastic simulation could
probably be constructed if a particular applicati on seemed to warrant such
an approach.

7. CONCLUSION. The above modifications to the delay methodology of TP
3-79 should be implemented for all future applications of the original
delay methodology.

11
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APPENDIX A

Delay Caused by Craters

The approach used to determine the delay of a regimental column of
companies subjected to attack by crater-producing munitions will be termed
a “parallel” approach. If several companies in the column have craters to
bypass , it is assumed the companies pass the craters in parallel
(simultaneously). Thus, the delay caused by craters is really caused by
the forwardmost crater and represents the time that the regiment must wait
until the last company passes this forward crater in order to resume
normal progress. This approach assumes that nothing Is done to the
cratered area to ease the passing by l ater compan ies. According to
doctrine, aircraft attempt to attack the front of a column In order to
maximize delay. Since detection and/or terrain problems make it difficult
to guarantee that the lead company -Is attacked, we assume that it IS
equally likely that one of the first four companies is attacked with
crater-producing munitions , never any of the remaining eight. If the
companies are numbered from front to rear by 1, 2, ——- , 12 with I denoting
the position in general , and we assume that the expected delay for each
company to pass a cratered area Is 4 mi nutes as computed in reference 3,
then the delay caused by attacking the ith company is:

V 1 = (13_ i)*(expected- delay per company)

= (13—1)4 (1)

The 13 may be replaced by 12 if one assumes that the last company is left
with instructions to catch up later . To continue this approach It is
necessary to determi ne the probability of picking a forward company on a
series of crater-producing runs. More carefully stated, an expression for

• the probability of the kth company being the forwardmost company attacked,
given that s of the first four companies are attacked, is required. This
probability is denoted by P 3  K=k S=s }, and the probability that all

companies attacked are the kth one or one farther back is denoted by
P3 K�k Sas }

A-i
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Then: P 3 K~k J S~s • P K�k 3 S~s } -  P 3 K ?k+1 I S~s~ (2)
for k 1, 2, ..., 4—s, s~1, 2 or 3. Note: if k 5—s, then:

4-s
P 3 5 — s J s I ~ 1—  

l~ 1 
P 1 k j s~~;

also If s 4, then k s 
~ and P 3 1 4 } 1. SInce we assume the companiesare attacked independently:

~3 K� k I Sss } ~ 4—k+1 4 k+i—1 
. 

4..k+1..(s-.1)

(4—s)! (4—k+1)!
* 41 t4—k+1—sJ~

Using express ion (3) In (2) we have:

f4—s)! 1L5-k U - [4-k)! 1 s<4
4! fS—k—s)! (4—k—s)! k*1,..,4~s

P~~K=k

4-s
1— ~ P { I 3 5 s<4, k=5—s (4)

1=1
• 1 ~*4, kzl

A-2
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Using this formula the following table for P ~ k s was computed.

S

1 2 3 4

• 1 1/4 1/2 3/4 1

k 2 1/4 1/3 1/4 N/A

3 1/4 1/6 N/A N/A

4 1/4 N/A N/A N/A

P K=k 3 5=5 table

The expected delay given a successful attack with craters is then the
• followi ng expected value calculation :

d(s) P i s} v1is].

These va lues are:
Number of

Companies Attac ked Delay

s d (s)

1 42

2 45.33

3 47

4 48

A- 3
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However, each pass may not be successful In causing a crater on the road.
If E denotes the probability of one aircraft getting a crater on a road In
one pass, and assuming that different aircraft have Independent success
probabilities, then the expected delay due to a crater producing attack,
here denoted by d*(s), is:

- 

d*(s) d(s) [1_ (1_&) number of passes In flight]

where d~s) comes from the table above.
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APPENDIX B

BASIC PROGRAM LISTING

10 REM ***~~~~~* * * * * ** ** **** *~~~~~~~~~~~~~~~~~~20 REM *
:3C1 REM * DELAY METHODOLOG-?
4O RE M ‘~50 REM ‘~ N 1=# FLIGHTS; E:Y GPOUP~ OF A C
~0 REM ~ I=FLIGHT NUMBER *70 REM ~ E ,.I,1::’ =:3TART TIME=F (I~ 1 ::’
~13 REM * E( I, 2:;=ENr’ HEAD DOWN TIME=F’:: I, 2::~913 REM * El.: I~ 3::’=END DAMAGE A~ 3ESSMENT=F :: i, 3:.’ *
1~3O REM * E l:: I , 4:’ =END DAMA GE C:ONT ROL=F( I 4 ::’
110 RE M * E ( I ,  5.: =Et-4D I M P A I R E D  MUVEMENT=F< I, 5::’
120 REM * E—PURE F—COMBINED *1:3 13 REM C:: I ::=* HOT PA~~ E~ PER FLIGHT I
1413 REM * Ml =- --‘N=1- ’13 TO : IS UNIT MCIV INC?
1513 FEt1 D ’ 1 =  N=1 U TO DO F1UNIT I’DNE C FEATE I:FATE F E —
1~ 0 REM * Ll= F RACT ION OF f:CiMPANY DESTF:C’ -1-ED *1 T’ I1 REM B I i =EFFECTI ’’ENESS PER A - - C ON FLI CHI I *
1:E 13 REM R1=RE GIM ENTAL 3TREN’5TH *
190 REM * T 1 =RRND DELAY
2130 REM C ’ J ‘=TRBLE OF # CO MFANI EE ATT A ’ : F ED~ J *  PA~~ E~.10  R EM — M’ F ‘=E PECTED DELA~ CFAT EF E~ F =* CU’  A T T A C F  ED
~~~ REM *
22.0 REM *240 REM

4 2-50 FIXED
2613 MAT F= ER
2713 DIM CC :37],R$C 6 )  ECa~3~ 5],FC 20,5],GC2 ,DIC 2i3J,E :[2i3]~MC 4J,QC2f 1]
230 REM ** ::RATER DELAY DATA :  M( K)
290 DATA ~~~~~~~~~~~~~~3130 Ff1 P I 1 TO 4
310 READ M C I ]
320 NEXT I
3313 REM ** # C O ’S ATTACKED DATA : C.(J)

40 DATA 1~~~ ~~~~~~~~~~~~~~~~ 3~ E~ E ’  ~~‘ ~~~ ~ t0~ 10 ’ 10’ 10
35’J DATA 113 ,11,11,11,11,11,11,11,11,11,11~~1t ,11~~11,12
:360 FOR 1=1 TO :37

~~~~T ~~~~~~~~ 
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:3713 REA D C C I ]
3813 NEXT I
3913 DISP “ENTER DES IGNATION --
4 11113 INPUT ~~41 13 D I S ~ ‘ ENTER NUMBER OF FLIGHTS “;

4213 I N FLI T Ni
4:3 13 PRINT “FOR EACH FLIGHT I~ ENTER
440 PRI NT “#  PASSES START TIME ‘:.MIN FPC’ M 13 :  C RATER S ‘.~~i - I :~ .

4513 P R I N T
4613 PRINT EFFECTIVENE SS’
470 FOR 1= 1 TO N i
480 DISP I;
4913 INPUT G E I ]~ EC I~~i]~ DC I ] ~ BC I J
51313 NEXT I
5113 DISP “ENTER REGIMENTAL STR ENGTH ‘;

5213 INPUT Ri
5313 DISP “IS UNIT MOVING (1= ” .• ’13=N> “
54i~3 INPUT Ml
5513 PRINT “ *** “A S”  *** “

5613 GO!3U8 259 13
5713 PRINT
580 COSIJ E: 2610
590 GO:3 IJB 25913
6130 REM ** COMPIJTE AND DISPLAY OLI
6113 01= 1 RESULTS
6213 REM OPTIONAL PRINTS
6:30 PRINT
640 PRINT “ NC’ INTERACTION OF FLIGHTS”
6513 PRINT “ 5 START TIM ES— -4 DELAY S AND TOTAL -,

6613 FOR 1=1 TO Hi
6713 P 1=Gt IJ
6813 GOSUB 16913
6913 O=EC I~~1]
700 EC I~ 2 ]=~ 13+~!1

113 Et I~ 2 ]= 13+ Q 1+ Q2
72 0 Et I ,4] =Z 13+Q1+ Q2+Q3
7213 EtI~ 5~ =Z@+ Dl
7413 REM OPTIONAL PRINTS
7513 PRINT ‘FLIGHT NUMBER ” I
7613 PRINT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~770 PRINT “ HD DR DC I M TO TAL ”
7:313 PRINT Q1~ Q2~ Q2~ Q4~ Dt
7913 NEX T I
8130 IF N 1=1 THEN 16513
:3113 REM ~~* COMPUTE NEW RESLILTS
820 C’l @
830 FOP .J=i TO 5
840 Ft 1,J ] =EC l~ J]850 NE:’::T
8613 1=1
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$70 Pi =Gt1 ]
:3:30 GOSUB 19313
:39i3 FOR 1=2 TO Ni
9130 IF EC I~~1) :> F C I — 1 ~~i] THEN 9313
9113 PRINT -, ERROR IN INPUT ! “

920 GOT O 16813
930 IF Et i~ 1 ]:>FC I— 1~ 2)  THEN 9513
940 REM *~~ START IN H.D.
950 IF EEI~~12 > F t I — 1~ 3] THEN 11130
960 REM ** START IN t’ .A .

4 970 ~1 3 F t  1 —1 ~2)
980 IF 0>EC I~ 2] TH EN 11300
990 Z0=EC I~ 2]
113130 Pi =GC I—i )+I~~ I]1010 FCI~~1] = F C I — 1~~1]

3 1020 FEI~ 2 ]=Z0
4 11330 GOSUB 18113

11340 FCI ,3 ) =Z0 +Q2
1050 GOSUB 1:3413
11360 Ft I 4 ]=Z13+Q2+Q3
1070 G’JSUB 1930
11380 Ft I 5]=20+Q2+Q3+Q4
11390 GOTO 14613
11013 IF EEI~~1 D FCI — 1~ 4 ]  TH EN 1250
111 13 REM ** START IN D.C .
112 13 Pi=Gt I—I ]+I~~ I)11:3 0 0=0
1140 IF (FE I— i~ 4 )— E[ I~ 1 ] : - ~~EC I~ 3 ]— Et I’2]) THEN 1160
1150 20=<FC I— 1~ 4 ]— EC I’ 1 ]::‘— ( Ec I 3 )—Et I~ 2)::’
1160 FCI~~1 ] = F C I — 1 , 1]
1170 F E I ’ 2 J = E E I ,2 ]
1180 FCI ,:3 ) =ECI ,3 )
11913 FCI~ 4 ]=EC I~ 4 3+ Z 0
1200 GOSUE: 19313
12113 D1 =(EE I~ 2 ]— FE I—1~ 1 ] ::‘+ Et I~ 4 ]— EE I~ 2)~ +Q4
1220 D1 =D1+Z’3
1230 Ft I~ 5 )= Ft I— i~~i]+D1
1240 GUIlD 1460
1250 IF Et I~~1 ] > F C I — 1 ~ 5] THEN 1400
12613 REM ** START IN I.M.
1270 D1=’~EC I~ 2 ]—FC I — i ,  1])~~ EC I ,5 ]—E EI ,2 ] : :
1280 Z0=0
1290 IF (Ft I— 1~ 4] +Q5—E C I~~1 )) - ( ( EC I~ 3 )— Et I~ 2]) THEN 1310
12130 20 = (FC I— l~ 4 ]+Q5—E t I~ 1 ] ) — ( Et  I~ 3 ]—EE 1,2)::
1210 D1=B1 +20
1:320 FC I , 1 ) = F E I — 1~~1]
1330 FC I~2)EE I~2)124 13 Ft I~ 3 D=EE I :3)
1250 FC I~ 4 ]=Et I ,4 ]
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1350 P1 = C C I ]
1 370 GOSUE 1930
1380 FE I~ S ]=EC I~ 4 J+Q4+20
13913 GOT U 1460
141313 REM ** DISJOINT TIME INTEP”AL :~1410 FOP - J 1  ii: 4
1420 FE I~ -J J =EC I~ -J )
1430 NEXT
1440 GOSUB 1930
145 0 F E I , 5 ] =F C I ,4 ) + Q 4
1460 NEXT I
1470 REM ** DISPLAY NEW RESULTS
1480 GUSIJB 2590
1490 PRINT
1-5130 PRINT “ FLIGHTS INTEGRATE L”
1 510 PRINT “ 5 START T IMES/4 DELAYS AND ACCUMULATED
1520 FOR 1=1 TO Ni TOTAL DELAY”
1530 IF i:> i THEN 1560
1540 D0 =E E 1~~5 )— E C 1~~1]
1550 G OT U 1600
1560 IF FCI~~1) ) - F C I — 1 , 5 ]  THEN 1590
1570 D0 =L’O+(FC t~ 5 ]— FE I— 1~ 5] )  : 1

15813 COTC’ 16130
15913 D’3=D13+ (FC I~ 5 ]— F E 1,1))
16013 PRINT “RESULTANT OF FLIGHT” I
1610 PRINT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ‘• 1620 PRINT “ HD DR DC IM TLITHL 

-

16313 PRINT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~164 13 NEXT I —FE 1,4 ]~ DO
1650 GOSIJ B 2590
1660 PRINT

4 1570 PRINT
1680 END
1590 REM ~~* DELAY COMPUTATIONS
1708 GO SUB 1760
1710 GOSUB 1810
17 20 COSUB 1840
1730 COSUE 1930
1740 D1=Q1+Q2+Q3+Q4
1750 RETURN
1760 REM ** HEADS DOWN = Qi ~~*
1770 Q1=Pt*CCPI]/12
1780 IF M1=0 THEN 1800
l790~ Q1 =P1
1800 RETURN
1318 REM ** DAMAGE ASSESSMENT = Q2
18~ cj Q2=27 *CE P 1] .—’12
1:3313 RETURN
18413 REM ~~ DAMAGE CONTROL = Q3 **18 50 L1=’:P1*Bt I ]/CE F’l ) ::‘ ,- -‘ (P1.’12::’
18613 IF L1-(0.999 THEN 18813
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1870 PRINT “ ! ALL DESTROYED
18813 T1=7213*L1.--’ ’:: l—Ll: :’
18913 IF 11>10 THEN 19 113
1900 11=113
19113 Q3 =T 1* C EP1 ] .—’ 12
19213 RETUR N
1930 REM ** IMF’RIF:ED MOVEMENT = 1~4 ~~*
19413 Q 4 1 3
1930 IF M1=13 THEN 2580
196’3 IF 01=0 THEN 2040
1970 ~4=Q5=14* 1— i 1_ BEI ] : -1 ’ F ’ 1 . :
1980 IF DC I  3=0 THEN 2580
1990 A$=CC P1]
213130 IF AS .: 4 THEN 2020
2010 A8 =4
20211 Q4 =Q5+rlC A8 )*( 1— ( 1 B C  I ])‘1’P1 :‘
20313 GUIlD 2580
21340 REM CASE OF oi=o ; I 1
2050 IF 1)- i THEN 21713
2050 Q5=~ C I )=14*( 1— ( 1—BC I ) ::‘tPl ::‘
2070 Q4=Q5
2080 IF D E l  3=0 THEN 25813
2090 A8=C: C P1]
2100 IF A8- ( 4 THEN 212 13
2110 A8 =4
2120 Q6=M C A8 ]*( 1— ( 1— BC I )::‘ -t- F’ l -~

2130 Q4=Q 5+Q5
21411 Q7 =F E1 ,4 ] +Q5 -

2150 J 0 1
21513 GUIlD 25813
2 170 REM 1> 1
2180 IF P1= G C I )  THEN 2210
2190 ‘;!s=QC I ] 14 *( 1—( 1— ( BC I )*i C I )+BC I— i ]*G[ I—i  ):: ..- P 1 ::‘ • tP l
2208 GOT’] 22213
221 13 D5=QC I ]=14*’~1—~ 1—BC I )::~~GC I])
2220 REM: D( I) = 1’O1=0 ,M 1= 1~~I)- 1
22313 REM: Q5=CRATE P DELAY
2240 REM: P1=TOT A L HOT PASSES
2250 REM: Q7 =TIrIE AT OLD CRATER DELAY
~2513 IF DC I ]=1 THEN 2420
2278 IF Q7:::-g THEN 2300
2280 04=Q5
2290 COTO 2580

F 2308 REM HID NEW CRATE RS~ BUT CRATERS HA”.•’E E:EEN EMPLOYED
2310 GOSUB 2700
2320 89=D9
233 13  B8=’::FC I ,4 ]+Q5 ::u— Q7
234 13 E:T’ =88—B9
2350 IF B7.. 13 TH EN 23713
23513
2370 08=13
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2380 IF B7:::-Q6 THEN 24 1313
2390 Q:3=0i5—67
241313 04=05+G4 :
2410 CUTO 2580
242 13 REM HEN CRATER S

- 1 2430 A9 =GE I]
2440 A8 =CE A 9]
2450 IF A S- -: . 4 THEN 24713
2450 A8 =4
247 13 IF P 1= GEI )  THEN 254 13
2480 IF DEI—1 ) = 0 THEN 2548
2490 A 8=CC Fl ]
2500 IF A8- ( 4 THEN 2520
251 13 A8=4
2520 QG =MC A3 ] * ( 1— ( 1— ( E : C  I ]*GC I )+~~ I— ~. ~~~~~~~~~ : — i  ] . . • F- 1>~- P1
2-5313 ‘;‘:‘ic’ 25513
2540 QG=ME A8 ]* 1— ’ ~ 1—B E I ]:ItGC I ] ::‘
25.58 04 =05+05
2568 07=FC I 4 ]+Q5
2570 J13=I
2588 RET u R N
2590 FRUIT “

2580 RETURN
2618 REM ** I NPUT S
262 13 PRINT “NUMBER OF FLIGHTS “Ni
2638 PRINT “REGIMENTAL STRENGTH
2640 PRINT “r iC ING ‘? I l= ’iES~ i3=NU.:’
2650 PRINT “FLIGHT * * PASSES ’STAPT T IME CFATE P~ 1- - 1 3 ?
2550 FOR 1= 1 TO Ni ErFEL :TI”E
2570 P R I N T  I~ GC I ]~ EC I~ 1 3~DE I ],E:C I ]
2588 NEXT I
2590 RETURN
2780 REM ** PUNNING T,JTAL (NUN—CRATEP :’
271 13 D9=0 DELAY SUE:R,DLITINE
2720 FOR -J =J0+1 TO I
2738 IF F[.J , 1 :::- Fc .J_ 1,4 +QE J— 1 ] ::‘ THEN 2760
2740 D9=D9+ FC.J ~ 4 ]+0t -J ] : :— Ft -J— 1~ 4 3+0t .J— 1 ) ::‘
2758 GOTO 27713
2760 t ,9=D 9+ ( Ft .J !4 ] +Q EJ) : : ’— ’ .:FEJ, 1] . :’
27713 NEXT
2780 RETURN
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APPENDIX C

IMPAIRED MOVEMENT
FLOW CHART

1. The delay time for the four delay events , HD, DA, DC, and IM, depends
upon the number of hot passes over the regiment. The number of hot passes
is determined from the number of hot passes in each flight and whether or
not the effects of fli ghts are being combined. The program, appendix B,
passes to each of the subroutines that compute the delays the vari able P1,
which is the appropriate number of hot passes. The delays HO , DA, and DC
are computed in a straightforward manner from P1. The computations for IM
delay are slightly more complicated since delay due to craters employed in
a later flight negates any still present delay due to craters from an
earlier fli ght. This fact is a result of the parallel assumption
discussed in append x A; to wit, only the forwardmost craters determine
crater-caused delay. The next paragraph is a flow chart for the IM delay
computations.

2. The next four pages contain the flowchart for the IM delay computations.
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1930

(I~_ENTER_I)

1940

YES 
— 

REGIMENT NO J
L

IM 0ELA~ ~

2580

C~ ETURN~~D

1980
EMPLOYED

THIS FLIGHT

1990 
1_gIn

• COMPUTE DELAY DUE I TM DELAYTO CRATERS FROM HOT I VEHICLE RE-PASSES THIS FLIGHT 
~~OVAL DELAY

• TM DELA Y • VEHICLE
REMOVAL DELAY PLUS
CRATER—CAUSED DELAY

2580

~~ RETURN 

~
) ?~~ ETURN 

~
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NO _

2170 
~~~~ COMPUTE

VEHICLE RE-
MOVAL DELAY,

2080

YES EMPLOYED NO
IRST FLIGHT

2090 2070
• . COMPUTE DELAY DUE TO

CRATERS FROM HOT TM DELAY
PASSES THIS FLIGHT VEHICLE RE—
TM DELAY • VEHICLE MOVAL DELAY
REMOVAL DELAY PLUS
CRATER-CAUSED DELAY

• RECORD FLIGHT NUMBER 2580
OF CRATERS AND THE (••_ _

RELATIVE TIME THAT ‘~,~~ _RETURN
DELAY EFFECTS START

2580

~~~~~TURN
9
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2170

2180~~~~~~ s.%~NO ./ FLIGHTS ~~~ YES
COMBINED

7
2210 2190

COMPUTE VEHICLE COMPUTE VEH ICL E
REMOVAL DELAY REMOVAL DELAY
FROM JUST THIS FROM THE TWO
FLIGHT FLIGHTS

226O~~~~~~
YES CkATERS NO

24~~~~~ 
-

2300 

~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~

C IM DELAY~~VEHICLE REMOVAL
• DELAY

2580
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2300

COMPUTE DELAY ACCRUED FROM LAST FLIGHT THAT CRATERS
WERE EMPLOYED TO END OF VEHICLE REMOVAL DELAY OF
THIS FLIGHT (SUBROUTINE AT 2700).

COMPUTE CHANGE IN TIME FROM LAST FLIGHT THAT CRATERS
WERE EMPLOYED TO THIS FLIGHT, AT END OF V EHICLE
REMOVAL FOR EACH FLIGHT

• COMPUTE MAXIMUM OF ZERO AND TIME CHANGE MINUS DELAY
ACCRUED TO OBTAIN TIME AVAILABLE TO BYPASS CRATERS

• COMPUTE MAXIMUM OF ZERO AND CRATER DELAY TIME, LAST
FLIGHT THAT CRATERS WERE EMPLOYED, MINUS TIME
AVAILABLE TO BYPASS CRATERS TO OBTAIN REMAINING
CRATER DELAY FROM LAST CRATER EMPLOYMENT

TM DELAY = VEHICLE REMOVAL DELAY PLUS REMAINING
CRATER DELAY.

2580
eETURN )
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2420

?

NO _
________________  

YES 

12540 
________ 

2490

COMPUTE DELAY COMPUTE DELAY DU
DUE TO CRATERS TO CRATERS FROM
FROM HOT PASSES~ TOTAL HOT PASSES
JUST THIS FLIGHT FROM BOTH FLIGHT

I I
2550

• TM DELAY • VEHICLE
REMOVAL PLUS ~RATE~CAUSED DELAY

. RECORD FLIGHT NO.
OF THESE CRATERS
~~~L~~JJ~ ~~~ CTS
START

2580 J
~~~ çTURN)~~~~
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delay from the interaction of consecutive but separate flights of two to
four aircraft. The total regimental delay is the sum of the four types of
delay in the case of an air strike against an undelayed regiment. However, $
if the regiment is currently in a delay status from a previous air strike,
then the resultant total delay for the regiment depends on the type of delay
being Imposed at the time of the subsequent strike. Example delays are
given for attacks of one, two, and four aircraft. The methodology is
equally applicable for Blue delay due to Red air strikes as well as Red
delay due to Blue air strikes. 
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