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ABSTRACT

This technical paper presents modifications to the methodology concerning
delay imposed on ground forces due to interdiction air strikes as
presented in CACDA TP 2-79. That paper presented the rationale underlying
the development of a new delay methodology for TALON. The methodology
involves four types of mutually exclusive, exhaustive delay 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 interdiction
study, a new delay methodology was required. Background for this
methodology remains the same as in TP 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 (HD) -- the initial reaction of the Red forces to
Blue air attack.

Damage Assessment Time (DA) - the time required 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 burning 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
companies 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 minutes separation from other flights. A
"strike" denotes a group of aircraft sent to attack a regiment. The




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 of the
munitions employed. These inputs could be entered directly, provided by
data, or computed internally in TALON or other war games from gamer
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 TP
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 HD delay =
(number of hot passes)* (1 minute)

. If the regiment is not moving, regimental HD 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 always occur because of the highly effective new
interdiction munitions being employed by Blue aircraft (such as
Wide Area Antiarmor Munitions (WAAM)).

« Only armor and motorized rifle units 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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These assumptions and the NATO study were used in TP 3-79 to compute the
expected delay required for a company to assess damage. Since this damage
would usually occur in some small 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 SDCZ. The following assumptions regarding the
qanage control event were made:

. First aid and vehicle recovery can be accomplished in parallel
since medics will normally be involved in first aid, and mechanics
and crew will be involved in vehicle recovery.

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

Three cases of first aid (five or feuer casualties, six to ten
casualties, 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 combat

} mass of the regiment expressed in terms of the value of a representative

combat system. Thus, the following computations are performed for DC
delay:

effectiveness per A/C)*(nr. of passes)

regimental strength
ni%ﬁer of companées
fraction of company destroyed

l- fraction or company destroyed

Rand Study company delay = 720

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

Compar)vy DC delay = max (NATO company delay, Rand study company ‘
delay
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. Regimental OC delay = (company OC delay) * (fraction of companies
attacked)

d. Iggaired 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). 4

. Only the front four companies are attacked with crater munitions,
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 dela}
1 42
2 45.33
3 47
4 48

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

- remove vehicle delay = (expected company time to remove)*

fl-(1-effectiveness) (number of passes)|
. crater bypass delay = (expected delay determined from appendix A)*

f1- (1-effectiveness) (number of passes)}

if not employing crater producing munitions, regimental IM delay =
remove vehicle delay
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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 flight 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 flight 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 control 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, flight one should be replaced by the last resultant
flight; flight two replaced by the next flight in sequence; and resultant
flight 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, control, or
substantial movement occurs. Thus, the resultant flight 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 total
number of hot passes and heads down time. See figure 1.




3 Flight one T R e - IM
3 b + + +
Flight two oo DA AR o
| .
£ Resultant b a a a
flight HD DA oC M

o 4 : i J
¥ ® T v

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 - ' DA__, oc_, M &
E Flight two ' D, DA oc__ IM |
§ Resultant a a a i
,; flight IO DA __0C M = |

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

S—

Figure 2. Case 2, Second flight starts during
the damage assessment event




c. Case 3. Second flignt starts during the damage control event.
The methodoTogy assumes that the interrupted damage control event from the
first flight may be continued during damage assessment for the second
flight. 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 flight is defined to have a heads down period
from the start of the first flight to the end of heads down from the
second flight. Thus, the resultant heads down event is really a pseudo
heads down event. But, since the flight following the second of the two
flights which combined to make the resultant flight does start later, its
starting time will occur during the actual heads down event or a later
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 flight. 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 __HD DA s gc . M

Flight two ~ HD ) DA oC IM

Resultant b a
flight HD . DA ot IM

Note: a. IM for resultant flight is computed by
considering total aircraft of both flights.

b. DC of flight two plus DC of 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 case the 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
f1ight may be continued during damage assessment of the second flight.
The resultant flight is then one with heads down starting at the start of
the first fiight and ending at the end of heads down for second flight,
damage assessment for second flight, damage control for second flight, and




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 B DR O ~IM a

Flight two . W Bk KK W

Resultant a
flight . HD , DA  DC = IM )

Note: a. IM of flight two plus vehicle removal in IM of
flight one not completed 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. EXAMPLES.

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

1

Number of passes 1 2 2
Moving ? Yes Yes Yes
Craters ? Yes Yes No
Effectiveness . 39 99 5
Delay Time This This This
(minutes) TP 3-79 paper TP 3-79 paper TP 3-79 paper
HD 1 1 2 e s 2
DA 2.25 2.25 4.5 4.5 4.5 4.5
0C 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

= e
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Table 1. (cont)

T - T
Number of passes 2 4 4 4
Moving ? No Yes Yes No
Craters ? No Yes No No
Effective- o3 .33 .5 B
ness
Delay time This This This This
{minutes) TP 3-79 paper TP3-79 paper TP3-79 paper TP3-79 paper
HD <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 /s 13.13 0 0
Total 7.61 7.61 31.64 66.15J 25.56 31.68 J 15.89 15.89
- - b

b. Table 2 contaiﬁs the delays caused by five flights occurring at 5
minute intervals 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

Situation TP 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

effectiveness .33, non-crater

effectiveness .5




6. DISCUSSION.

a. The modifications recommended for impaired movement are built on
assumptions that are intended to reflect actual operations more closely
than the previous approach. This delay is an expected delay that depends
L 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 minutes by the new approach. (Actually, the 11 minutes
i is independent of effectiveness, whereas the 32.7 would vary with
! effectiveness.) From the NATO study, it was derived that a company would
’ take 14 minutes to clear the road of damaged vehicles and an extra 4
minutes 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 minutes to
bypass the crater, so 32.7 minutes seems more reasonable than 11 minutes.

b. The modifications suggested here for the interaction of multiple
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 modification
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 last flight, ignores the effects of an early
flight once a subsequent flight starts, and thus almost certainly
i underestimates the actual delay. For example, in the TP 3-79 approach a
? flight of four passes not employing crater munitions would delay a moving
regimental column 31.68 minutes. (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 flights. 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:

—_——ee e .

(1) Delay in this context means arrival at some point later 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 application 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
small 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 small flights at 5 to
10 minute intervals in mind. For this tactic the methodology yields
reasonable delay. 'Playing the model' by employing single aircraft flights
every 20 minutes to otain indefinite 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 probabilities 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 application 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 later companies. 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 minutes as computed in reference 3,
then the delay caused by attacking the ith company is:

Vi = (13-1)*(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 determine 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{ K=k | S=s}|, and the probability that all

c%mpanies atﬁacked are the kth one or one farther back is denoted by
P{K2k |S=st.
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Then:  p{Ksk [Sas | = P { K2k [Ses |- P|K2k¢ | Ses] (2)
for k =1, 2, ..., 4-5, s=1, 2 or 3. Note: if k = 5-s, then:

S
P{S-s|s}t=1- ¥ Plkis!;

- i

also if s = 4,thenk = 1, and P{1 4}= 1. Since we assume the companies
are attacked independently:

P{K2k |Ses} = T“-k*l glbal oo L 4-k:-1;.(s-12 P
. (8-5)!  (4-k+1)!
Ly TR+ 1-5)T

Using expression (3) in (2) we have:

| & (4-s)! 5-k)! - (4-k)! s<4
& I [ -k-s)! az-ﬁ-s)!] k=1,..,4-5s

P{K=k | S=s}=

| 4-s

f 1- ¥ P{ijs} s<4, k=5-s (4)

= i=1 !
= s=4, k=1
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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 | S=s | table

The expected delay given a successful attack with craters is then the

following expected value calculation:
5-s
d(s) = 7 PLlilstbv
= { 5 ¥

These values are:

Number of

Companies Attacked Delay
s d(s)
1 42
2 45.33
3 47
4 48

A-3




However, each pass may not be successful in causing a crater on the road.
i + If E denotes the probability of one aircraft getting a crater on a road in
i one pass, and assuming that different aircraft have independent success

i probabilities, then the expected delay due to a crater producing attack,
here denoted by d*(s), is:

{ d*(s) = d(s) [1,(1_5) number of passes in f]ight]

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

BASIC PROGRAM LISTING

FEM

REM

REM

REHM

FEM

REM

REM

REM

FEM
FEM
FEM
FEM
FEM
FEM
FEM
FEM
FEM
REM
FEHM
FEM
REEM
FEM

FISED =

MAT F=ZER

IIM CLZV IsA$LES 1sELEEs S 1 FI 2051 Gl 2R 1 DICEB]EBL 20
FEM #% LCRATER DELAY DATA:

DRATA 42,45, 33:47 4483
FOR I=1 TO 4
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HEST 1

REM % & EH«

DELAY METHODOLOGY
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RERD CLI]

NEXT 1

DISF "EMTEF DESIGHATIOW "3

IMFLUT A%

DISF "EMTER MHUMBER QF FLIGHTS "3
INFUT M1

FRINT "FOR EACH FLIGHY I» ENTER "
FEINT "# PASSES » STRART TIME <MIW FROM @)« CRATERS (8- 1.

DO S ) ) ) CNR Nl CN SN O SN GRS SN OO Co Y RN I Y
O fa G Pl = 050 o0 OO0 =) g 0 J 00 o e s GO )
O 0 0 0D 0D D O 0D D D O S T O S T S

FRIMT et
PRIMT EFFECTIWEHESS"
FOR I=1 TO Ml
DISP I
IMPUT GLIJ+ELI+11+DCIXsBLI]
HE®T 1
DIIZP “ENTER REGIMEMTHAL STREMGTH "3
INFUT F1
DISP "IS UNIT MOYIMG cis=Y.-@=H> "3
IMPUT M1
58 PRIWT " #¥% "HE" #xe"
SE8 COSUE 2598
78 FRIMT
228 GOSUBR 2818
298 SOSUE 2594
238 REM #*% COMPUTE AMD DISFLAY OLI
sl 01=1 RESILTS
E28 REM OFTIOHAL PRIMTS
e38 PRINT
edld PRIMT MO IMTERACTIOM OF FLIGHTS"
£S89 PRINT S SZTARET TIMES-4 DELAYS AMD TOTAL
BEl FOR I=1 TO M1
ET8 FPi=GL[11]
gt uuCUE 1695
B3R Za=E[I.1]
TEE E[I21=208+a1
T18 ELIs21=Z2@+01+02
T2l E[I+41=20+01+02+03
728 E[I+51=20+D1
743 REM OFTIOHAL PRINTS
TS0 PRIMT "FLIGHT MUMBER"I
TEQ PRIMT ECIs1 JsELIs210ELIs2]vELIv41ELINS]
TTA PRINT " HD DA Ic  IMm TOTAL™
TE0 FPRINT C102:02:04.01
To8 MEXT I
288 IF Mi=1 THEM 1658
318 REM %% COMFUTE MEW RESULTS
s2e D1=p |
S3B FOR J=1 TO 5 i
243 FL1lsJI=E[1s.J] s
258 HEST J
2eg I=1
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F1=301]1]

GOSLE 19359

FOR I=2 TO M1

IF ECI»11xFLI-1+11 THEHM =38

FEINT " !l ERROR IM IMFUT !

GOTO 1&e2a

IF ECIs11>FLI=-1+2] THEMW 954&

REM % =TH
T

IF ELIs11: F[I 1«31 THEH 1184
REM % 5
2B=FLI-1.:2
IF 28*EL 1,
SH=E[ I+21]
8 P1=50I-13+G011
B FLIs1J=F[I-1s11
1828 FLI.21=26
1838 GOSUB 13218
1848 FLI«321=20+02
1858 GOsSUB 12448
18568 FLI+41=C8+02+03
! 1u"g GOSUE 1936
1 FL IS 1=20+02+03+04
GATO 14e@
IF ELIs11xFLI-1+4] THEM 1258
FEM #% STHRT IM D.C
Pl hCI 11+GL 11

3 .
21 THEMW 1@og
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=FCI=-1+s170+CE[Is41-ECI 210+04

FLI-53=FL1-1+13+D1

GOTD 1458

IF ELIs11:FCI-1+5] THEN 1484

FEM #% START IN I.M.
Di=CELIs2]~FLI=1s110+(ELI+S1-E[Is21>

Za=8

IF (FCI-1+43+Q5-BLIs110<CEL1+3]-EL1,21) THEN 1310
2= F[I-1+4J+Q5-ELIs120=-CELIs31-ELI210

Di=D1+Z@
FOIs11=FC
FLI:21=E[
FLIs33=EL
FOI.41=EC
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Fi1=GL11]
SOSUE 1%
F{I-S1=
GOTD 14
REM *
FOR J=
14;n FLIs ]
14383 HEWT J
1448 GOSUB 1329

1458 FLISI=FLIs4J+04

1488 HE®WT I

1478 REM *
1428 G0OSUE 25948

1498 PRIMT

E S

DISJOINT TIME IMTERYALS

— e b s e
Ja o o 0 L3 D
— 0 OO Ty

DT D D D D

+

DISFLAY MEW RESULTS

1588 PREIWNT “ FLIGHTS IMTEGRRTED™
1318 PRINT " T START TIMES-4 DELAYS AMD ACCUMULATEL
1528 FOR I=1 TO N1 TOTAL DELAY"

1338 IF Ix»1 THEM 1S58

1548 IB=E[1+S1-E[1s11

1558 GO0TO 1888

1968 IF FOI«11:FLI-1+5] THEMW 1544

1378 De=0a+ FCIl:51-FLI- 1!!]1

1588 COTO 1&@a8

1599 DE=D8+ FLI:S1-FLI+112

1588 PRIMT "RESULTAMT OF FLIGHT"I

1818 PRINMT FLILsl1aFLIs21sFLIs2IsFLIsddaFLINE]

1629 FRIMT " HD LA pc oM TOTALT
1638 FFIHT FOIs21-FLIs13sFLIs33=FLIs2 D FLIv43-FLIs21sFLI:%]

1650 hUJ”E 2594
1688 PRIMT
1673 PRIMT

1238 END

1e98 REM #% DELAY COMPUTATIONS
17ee GOSUB 17e@

1718 GOSUB 1316

1vze GOSUB 1348

1728 GOSUB 1926

1748 D1=01+Q2+03+04

TEE RETURM
FEM ## HEADS DOWH = Q1 #=
1=P1+#CIP1]712
IF M1=8 THEN 1888

* Bl=F1 :
FETURHM {
FEM #% DAMAGE ASSESSMENT = %
Re=27«CLP1J-12
FETURHN
FEM =%  DAMAGE COMTROL = Q3 #=#
Li=cPisBLIJ-CLP1I0 (R1-/12D
IF L148.399 THEM =2
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FRINT " !l ALL DESTROYED 1!
Ti=vze*L1l-sC1=-L12

IF T1:x18 THEM 1914

Ti=18H

B3=T1#CI[PL J-12

RETURHM

REM =%  IMFARIRED MOWEMEHT = 04 ==
4=

IF Mi=83 THEHM 2528

IF 01=8 THEM Zgd48
H4=00=14%01=-C1=-BLIJtF12

IF DLIJ=3 THEM 2528

AS=CLFL]

IF AZ<4 THEMW 2826

o=

2328 R4=Q5+M[AS s 1=-C1-BLIJstFLy
SB28 GOTD 2534

26848 REM CRSE OF Oi=@s I=1
2858 IF I:1 THEM 2178

2ael HS=RL0I1=14#(1=-C1-BC I 1xtFLD
2ETE N4=05

IF D[11=8 THEHM Z25=8

2=CLF1]

IF AZ<4 THEM 2128

Hio=e

FE=MLAS I#(1=C1=-BL I 1atPL 2
Rd=05+08 :
BY=FC 1,4 1+05

JE=1

GOTD 2520

FEM Ix1

IF P1=GLI] THEH 2216

A3=00 I 1=1d4# 1= 1=cBLI1*GLII+BLI-1 3Gl I=-1]0sFLoatRLy
GOTO 2228
RS=GLI1=14%C1=-v1-BCTI2otGLI
FEM: Dili=1s01=8sMi=1s151
REM: [(5=CRATER DELRY

FEM: P1=TOTAL HOT FRSSES
FEM: @F=TIME AT QLD CRATER DELAY
IF D[IJ=1 THEM 248

IF 878 THEW 2388

Hd=05

SOTD 2529

FEM MO MEW CRATERS. EUT CRATERS HAVWE BEEM EMFLOYED
SOSUE 2Vaa

E9=0%9

ES=CFLIsd J+052=0R7

EV=EL-E3

IF BY»B THEM 2278

BT =0

RE=4g
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2328 IF BT :RE THEM 248G
2398 A2=Q8-B87
2488 Q4=05+02
2418 GOTO 25248
2428 FEM HEW CRATERS
2438 AY=GLI]
2448 AS=CLAD ]
2459 IF RE2<4 THEH 2478
S4El AS=4
2478 IF P1=GLI] THEMW 2544
i 242868 IF DLI-11=8 THEH 2549
j 4 AS=CLF11]
- 5| IF A2<4 THEH 2528
i 9 AS=4
I ] RE=MLAZ ]+ C1-C1=- BLIJeGLI1+BCI-11=GLI-10x FLlatFLs
: 9 GOTO 2556
i = He=MlRZI*(1l-C1-BC T JxrGLI
S Fd=05+08

GF=FC Isd 1405

Ja=1

FETURM :

B B et e B
FETURH

FEM #% IMPUTS

FRIMT “HUMBER OF FLIGHTS "H1

PRIMT "REGIMEHMTAL STREMGTH "F1

FRIMT "MOWIMG 7 ¢ 1=YES.@=sHO> LN%EF.l.ﬁu

FRIMT “FLIGHT # # PRSSES STRRT TIME CRATER:L1.7HS

FOR I=1 TO M1 5 EFFECTIVE"
FRIMT IsGLIJ+ELIs13+DCI1EBCI]

MEXT I

FETLRHM

2788 REM %%  RUMMIMG TOTALCHMOM-CRRTER:
2718 D9=6 DELAY SUBROUTIHE
2T28 FOR J=Ja+1 TO I g

2738 IF FO sl 13CFLJ=1+41+00 J=13> THEH ZTeER

2748 DA=D3+(FL Lad 1+0C0 1 10=cFL J=1+4 1+00 1=1 I

2758 GO0TO 2778

278 D9=09+ FL Jod1+0L J)o=cFL el 22

T8 MEAT J -

T8 RETURM
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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 flights are being combined. The program, appendix B,
passes to each of the subroutines that compute the delays the variable Pl,
which is the appropriate number of hot passes. The delays HD, DA, and DC
are computed in a straightforward manner from Pl. 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 flight. This fact is a result of the parallel assumption
discussed in appendix 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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Lo

YES

1930

NO

1940
1950 :
REGIMENT NO IM DELAY =0
MOVING
\\?/
2580

< RETURN )

YES

1970

COMPUTE
VEHICLE
REMOVAL
DELAY

1980

1990

. COMPUTE DELAY DUE
TO CRATERS FROM HOT
PASSES THIS FLIGHT

. IM DELAY = VEHICLE
REMOVAL DELAY PLUS
CRATER-CAUSED DELAY

2580

( RETURN )

CRATERS NO
EMPLOYED
THIS FLIGHT
?
20
IM DELAY =
VEHICLE RE-
MOVAL DELAY

( RETURN )
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YES

2090

UTE DELAY DUE TO
CRATERS FROM HOT
PASSES THIS FLIGHT

. IM DELAY = VEHICLE

REMOVAL DELAY PLUS
CRATER-CAUSED DELAY

. RECORD FLIGHT NUMBER

OF CRATERS AND THE
RELATIVE TIME THAT
DELAY EFFECTS START

2580

< RETURN )

2060

COMPUTE
VEHICLE RE-
MOVAL DELAY

EMPLOYED
IRST FLIGHT

ATERS

1

2070

IM DELAY =
VEHICLE RE-
MOVAL DELAY

2580

( RETURN >
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NO

2170

o )

2180 70
FLIGHTS YES

2210

COMBINED
?
2190

COMPUTE VEHICLE
REMOVAL DELAY
FROM JUST THIS
FLIGHT

COMPUTE VEHICLE
REMOVAL DELAY
FROM THE TWO
FLIGHTS

YES

2260

CRATERS NO

)

ek et ol s i S g il il

EMPLOYED THIS

IM DELAY =
VEHICLE REMOVAL
DELAY

2580
( RETURN >
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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 VEHICLE
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

IM DELAY = VEHICLE REMOVAL DELAY PLUS REMAINING
CRATER DELAY.

2580

< RETURN )
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2420

2470

TWO

NO FLIGHTS
COMBINED
?
ERATERS
NO ALSO EMPLOYE YES
ON LAST FLI
?
andd 2490
COMPUTE DELAY COMPUTE DELAY DU
DUE TO CRATERS TO CRATERS FROM
FROM HOT PASSES, TOTAL HOT PASSES
JUST THIS FLIGHT FROM BOTH FLIGHT
2550

IM DELAY = VEHICLE
REMOVAL PLUS CRATER
CAUSED DELAY

. RECORD FLIGHT NO.
OF THESE CRATERS

hAF-ZEXG EFFEcrs

START

2580

< RETURN >
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