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ABSTRACT

This thesis is a study of the resiliency and recover-
ability of the light infantry company utilizing the Analysis
of Military Organizational Effectiveness (AMORE) method-
ology. The efficiency of the current organizational struc-
ture of the company 1is determined by measuring its
capability against its remaining resource level after the
application of degradation. A discussion of the AMORE meth-
odology and the light infantry concept is followed by the
extensive input requirements of the model. A sensitivity
analysis is conducted to examine the effects of changes in
input parameters on the company reconstitution capabilities.
The methodology is also used to determine those personnel
and materiel that contributed to low rates and 1levels of
unit recoverability. Based on the criterion established by
Science Applications, Incorporated, this study concluded
that the 1light infantry company, as it 1is currently
designed, exhibits adequate resiliency and recoverability at
degradation levels between 10 and 50 percent.
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I. INTRODUCTION

A. AMORE METHODOLOGY

The Analysis of Military Organizational Effectiveness
(AMORE) methodology is an analytical approach for deter-
mining unit resiliency and recoverability under combat
conditions. This is accomplished by analyzing the correla-
tion between the unit's mission requirements and its capa-
bility through its available personnel and equipment
resources after applying combat degradation. The unit is
said to be resilient if it is able to reconstitute over the
time period of a mission to a given capability level. The
following factors make a unit resilient on the battlefield
[Ref. 1: p. 1-4]:

1. High substitutability of personnel and materiel.

2. Minimum number of essential skills or materiel items
per function.

3. Reduced probability of kill for both personnel and
materiel.

4. Self-sufficient organizational elements.

5. Appropriate levels of cohesiveness.

Good standard operating procedures for training and
implementation of reconstitution concepts.

The AMORE methodology is outlined graphically in Figure
1.1 and considers the following [Ref. 1: p. B-5]:

1. Combinations of personnel and materiel damage.

2. Degradation of personnel and materiel and their
interaction as they merge together to form functional
teams required for combat capability.

3. The state of training and cross-training of indi-
vidual members of the organizations to include skill
substitutability.
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4. Substitutability and repairability of equipment.

5. The organization's ability to reconstitute its func-
tions and regenerate combat capability as a function
of time. '

Initially Figure 1.1 defines the unit mission and posture,
which 1is needed to determine the structure of essential
teams. Then the functional analysis first specifies the
initial strengths (assets) of personnel and materiel
required by the Table of Organization and Equipment (TOE).
These assets are then divided into essential teams such that

each will contribute equally to mission accomplishment.
Simultaneously with the functional analysis, the probabili-
ties of degradation for personnel and materiel are deter-
mined. These are often established by the use of Joint
Munitions Effectiveness Manual (JMEM) methodologies. Next
the AMORE model simulates the degradation of the unit by
using a Monte Carlo technique and the input probabilities.
Following degradation, the unit undergoes reconstitution by
using a transportation/assignment algorithm and the substi-
tutability data. Finally the model computes the expected
value of the ,best reconstituted wunit capability for the
defined mission and the simulated degradation. This forms
the basis for the output analyses (Chapter III). '
According to [Ref. 1l: p. 1-7], Science Applications,
Incorporated (SAI) has suggested that, as a minimum, a resi-
lient unit should eventually attain a unit recovery capa-
bility which is linear with respect to damage level. This
defines a reconstituted capability value of 1-PD as the
resiliency threshold where PD is the probability of degrada-
tion for personnel and at least light damage for materiel.
Therefore, a unit is said to be resilient if its reconsti-
tuted capability level meets or exceeds this criterion
value. Figure 1.2 depicts the acceptable and unacceptable

regions.

11
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B. LIGHT INFANTRY CONCEPT

The light infantry was organized out of a necessity to
have a highly-trained unit that could be deployed rapidly in
response to a contingency mission anywhere in the world.
The spectrum of conflict consists of the following scenarios
ranging from low-intensity to high-intensity:

l1.. Terrorism

2. Unconventional warfare

3. Minor conventional warfare
4. Major conventional warfare
5 Theater nuclear warfare

6. Strategic nuclear warfare

The current heavy forces are designed and structured for
the major conventional warfare scenario. Due to increased

occurrences of crises in the low- to mid-intensity scenarios

such as
1. Korea
2. Venezuela -
3. Lebanon
4., Berlin
5. Cuba
6. Vietnam
7. Laos/Thailand
8. Panama
9. Dominican Republic
10. Israel
11. Grenada

it was determined that light forces were better suited to
meet these kinds of crises. The light infantry is charac-
terized by a capability to maneuver either offensively or
defensively through terrain impassable by vehicles and to
adapt quickly to various modes of ground, air, or water
transport available to the force. It possesses a

14




substantial number of automatic weapons to enhance its close
combat capability. Figure 1.3 [Ref. 2: p. iii] shows that a
heavy infantry force such as a mechanized infantry unit in a
deliberate attack on open terrain (desert, plains, valleys)
generates high combat power in terms of firepower, mobility,
and protection. However, this force loses considerable
combat power when it is assigned missions in restrictive
terrain (dry creek beds, urbqn or built-up areas, dense
forests, mountains, jungles). The light infantry is better

suited to fight in a low-intensity environment in all types
of terrain and climatic conditions or in a mid- to high-
intensity environment (Europe) in close terrain.

A limitation of the light infantry company is that it is
completely foot-mobile, making it vulnerable to enemy
artillery, mortar, and nuclear, biological, and chemical
(NBC) attacks. 1Its survivability depends greatly on the use
of cover and concealment. The light infantry soldier is the
most versatile, advanced, and effective combat "system" on
the battlefield and will never be duplicated in mechanical
or electrical form [Ref. 3: pp. 28-29]:

1. 1In one package, the 1light infantry soldier provides
an optical and aura sensor system (eyes and ears)
tied into a central processor (the brain) with an
incredible range of operating programs and almost
infinite recoverable memory.

2. The system can be rapidly programmed (through
training) and 1loaded through a voice-recognition
system. It is, thereafter, adaptive and
self-reprogrammable.

3. It can accept and apply mission-type instructions to
infinitely wvariable terrain, conditions of visi-
bility, size and composition of enemy force, and
enemy movements and actions.
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4. It can assess and select covered and concealed routes

of advance into the enemy rear and onto his flanks.

5. All this is mounted on a multi-flex chassis capable
of negotiating every kind of terrain, including water
obstacles, by self-propulsion.

6. Super robotic arms, hands,' and fingers with infinite
degrees of freedom couple the control processor to
weapons and communications devices. )

7. This remarkable fighting system includes automatic
and continuous position location, plus situation
analysis and reporting, with a large, flexible (even
entertaining) vocabulary.

8. The "system" performs target detection, identifica-
tion, acquisition, munition and weapon selection,
engagement, damage assessment, and reengagement as
indicated by target condition.

For this unique "“system'", emphasis 1is placed on cross-
training and the attainment of individual proficiency on
multiple weapon systems to enhance unit flexibility. Every
effort is placed on commonality in weapons and equipment to
significantly reduce logistical requirements, streémline
maintenance operations, and simplify repair parts manage-
ment. Equipment commonality also reduces operator training
requirements and facilitates cross-training. In other words,
soldiers trained on one system have the basic knowledge to
operate, maintain, and diagnose problems on common equipment
items that are used with other systems [Ref. 4: pp. 5-6].

According to General John A. Wickham, Jr. [Ref. 5: ],
"The smallest Active Army in 34 years requires an Army of
Excellence which optimizes combat power. If we seize this
(light infantry) concept with conviction, innovativeness,
and vision, the Army's land power will increase and, as a
result, play a more significant role in future U.S.
national security.”
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1. Organization of the Light Infantry Company

The light infantry company is organized as shown in
Figure 1.4 [Ref. 2: p. 2]. It consists of a company head-
quarters platoon, composed of a headquarters section, an
antiarmor (AA) section, and a mortar section, and three
rifle platoons, each composed of a headquarters section and
three rifle squads. A rifle squad operates in two fire
teams, each consisting of four men. The company has no
organic vehicles but it can use the support platoon's motor-
cycles if necessary.

The medium antiarmor weapons (Dragon) are consoli-
dated at company level to preclude encumbering the rifle
platoons with a bulky weapon system that may impede their
rate of movement in a low-intensity environment where armor
targets are scarce. This also enables the company commander
to provide rapid response based on the situation. The
antiarmor section can be used as an additional rifle unit if
the company is not faced with an enemy armor threat. The
M-60 machineguns (two per platoon) are placed, controlled,
and displaced by the platoon leader.

With the availability of night vision goggles and
night vision sights, the light infantry company is capable
of conducting operations under all visibility conditions.

2. Missions of the Light Infantry Company

a. Offense

The primary purpose of offensive operations is
to destroy the capability of the enemy and/or his will to
fight. This is accomplished by:

1. Attacking the enemy from the least expected area.
2. Concentrating effort in one direction while forcing

the enemy to fight in two or more directions.

18
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i 3. Destroying or wearing down enemy troops.

o 4. Penetrating the enemy's defenses to attack key combat
> service, combat service support, and command,
e control, and communications elements.

IE 5. Seizing key terrain to enable maximum capability on
-2 favorable ground.

The light infantry company can achieve maximum
success by employing sound principles of fire and movement
v . and attacking in restrictive terrain such as towns, swamps,
forests, and mountains. It can also maximize surprise by
attacking the flanks and rear of the enemy at night or
e during limited visibility.

' The light infantry company is capable of
{; conducting the following offensive operations [Ref. 4: pp.
o B-9 - B-12]:

g 1. Movement to contact
-3 2. Hasty attack
- 3. Deliberate attack
p 4, Pursuit and exploitation when opposed by light enemy
r forces

Movement to contact - conducted to locate the
enemy, develop the situation, and maintain the initiative.

Decentralized control, rapid execution, and responsive fire

;J. support are critical to defeating the enemy.

»i Hasty attack - conducted to defeat an ill-
E? prepared enemy force quickly or to take advantage of an
< enemy weakness. The effective use of indirect and supporting
": weapon systems, suppression of enemy fire support and air
?{ defense, and efficient application of combat support assets
E;{ increase the devastating effect of the swift, violent
‘?' maneuver against an ill-prepared enemy.

*T Deliberate attack - conducted to defeat a strong
fa enemy force in well-prepared positions that cannot be over-
Eg come by a hasty attack. The main effort is directed toward
fx the enemy's weakest point.
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J‘d Exploitation and pursuit - conducted to cut off
o enemy dismounted infantry forces and defeat remaining

. - forces, conduct military operations con urban terrain (MOUT),
T and destroy pockets of resistance.

b. Defense

The 1light infantry company is capable of

.}t defending against enemy light forces. However, as was
:§: depicted in Figure 1.3, it can also defend against tank and
}E motorized units in close terrain. Defensive operations are
conducted in order to:
o 1. Cause an enemy attack to fail by destroying him or
'aﬁ forcing him to withdraw.
3& 2. Control essential terrain or secure a key area to
deny enemy entry.
f* 3. Gain time to prepare for a subsequent offense.
‘ Economize forces in one area to allow concentration
elsewhere.
5. Reduce the enemy capability for offensive action.
:Q{ The 1light infantry company is capable of
:Ef conducting the following defensive operations:
f&j 1. Defend in sector
) 2. Defend from a battle position
K. 3. Defend a strongpoint
'?ﬁ Defend in sector - This is the most frequent
2¥ defensive mission. The company defends in an area character-
':; ized by positions in depth’ and coordination with adjacent
units. Defending in depth entails drawing the enemy into the
sector and conducting multiple and repeated surprise attacks
1 throughout the depths of its formation.
> Defend from a battle position - This mission is
;f assigned when key terrain must be held or when the position
%ﬁ is located in a favorable engagement area. It is character-
%ﬁ ized by obstacles to slow the enemy and stop it in the
A
o 21
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engagement area such that the battle position can engage

targets from the flanks and rear.

Defend a strongpoint - This mission prevents the
enemy from bypassing or reducing the strongpoint without
expending excessive amounts of resources and time. A strong-
point is usually located in restrictive terrain such as
thick forests, mountains, swamps, urban areas, etc., that
cannot be easily bypassed.

C. PURPOSE AND SCOPE

Because of the importance of the light infantry concept
to the United States Army, this thesis investigated the
composition and mechanics of a light infantry company to
identify, from a set of alternatives, the force structure
that maximizes unit resiliency on the battlefield for a
night defensive mission in a nuclear, biological, and chem-
ical (NBC) environment. The AMORE methodology was used to
evaluate the alternatives.

Although the United States Army Infantry School (USAIS)
conducted an AMORE analysis of the light infantry company as
input to the AMORE Analysis of the Light Infantry Division
prepared by Science Applications, Incorporated, it was
constrained by time and resident experience on the AMORE
model, resulting in an analysis that was not performed at
the level of detail and depth as this study. Additionally,
the USAIS analysis considered the organization of the light
infantry company before a mortar section was included in the
TOE. This thesis analyzed the company subsequent to that
change.

D. PREVIEW

Chapter II discusses the input information that must be
determined before the AMORE methodology can be exercised.
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The development of these input data required an extensive
analysis of the unit and its mission in conjunction with
subject matter experts. Chapter 1III provides the output
analyses based on the transformation of the input informa-
tion into measures of organizational capability. The anal-
yses focus on the recovery potential of the unit and include
developing capability as a function of time and identifying
critical resources. A sensitivity analysis is conducted in
Chapter 1IV. It examines the effects of changes in degrada-
tion probabilities and the definition of a mission essential
team on unit reconstitution capabilities. Chapter V summa-
rizes the analyses, and presents conclusions and recommenda-
tions based on the results of these analyses.




II. INPUT DATA

A. GENERAL

The AMORE methodology requires a significant amount of
input data based on an evaluation of a unit's capabilities,
organizational and operational concepts, and resources
provided in the Table of Organization and Equipment. The
following data elements are required to run the base case
using the AMORE methodology:

1. Unit mission.
TOE or starting strength of personnel and materiel.
Personnel and materiel transfer matrices.

Repair time for materiel.

“v B~ wWwN

Probability of degradation for personnel and
materiel.

Commander's decision time.
Essential team requirements for personnel and
materiel.

8. Number of simulation iterations.

B. UNIT MISSION

Although the unit mission is not input directly, it
determines the requirements for essential teams. For this
analysis, the light infantry company is in a six-hour night
defensive posture in a nuclear, biological, and chemical
(NBC) environment. This presents a stressful situation
which requires most of the skill groups and equipment types,
thereby providing the most information about the company
performing its combat function.
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C. INITIAL STRENGTH

The initial strength pertains to the number of personnel
by grade and military occupational specialty (MOS) and the
number of significant items of equipment specified in the
TOE. These listings are depicted in Table I and Table II.
Although the fire support team chief, the fire support team
sergeant, the fire support team radio telephone operator
(RATELO), the medic, the forward observer, and the forward
observer RATELO are not included in the TOE, they are

usually attached to the light infantry company during opera-
tions and are therefore included in Table I.

D. TRANSFER MATRIX

A transfer matrix identifies the personnel and materiel
that are substitutable for other personnel and materiel and
the amount of time it takes to complete the substitution.
The matrix consists of row and column headings corresponding
to the row or line numbers of the personnel or materiel. An
entry indicates the time, in minutes, it takes for a row
skill or materiel item to substitute for a column skill or
materiel item. Zero entries indicate that substitutions
take place immediately while dots denote substitutions that
would not normally occur or would be infeasible. The diag-
onal entries represent the intersections of the rows and
columns with equal numbers. The transfer times wused for
this analysis were developed from discussions with subject
matter experts from the Light Division Certification Board
of the US Army Combat Developments Experimentation Center
(CDEC) at Fort Ord.
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TABLE I
LISTING OF PERSONNEL INITIAL STRENGTHS

Company Commander 0-3 11B0OO
Executive Officer 0-2 11BOO
First Sergeant E-8§ 11B5M
Supply Sergeant E-6 76Y30
Communications Chief E-6 31v30
NBC NCO E-5 54E20
Armorer E-4 76Y10
Company RATELQ . E-3 11B10
Fire Support Team Chief 0-2 13A00
Fire Support Team SerEeant E-6 13F30
Fire Support Team RATELO E-4 13F10
Antiarmor Section:

Antiarmor Section Leader E-6 11B30
Antiarmor Team leader E-5 11B20
Antiarmor Gunner E-4 11B10
Asst Antiarmor Gunner E-3 11B10
Mortar Section:

Mortar Section Leader E-6 11C30
Mortar Squad Leader E-5 11C20
Mortar Gunner E-4 11C10
Ammunition Bearer E-3 11C10
Platoon Headquarters:

Platoon Leader 0-2 11B0OO
Platoon Sergeant E-7 11B4G
Platoon RATELO E-3 11B10
Machinegun Gunner E-4 11B10
Asst Machinegun Gunner E-3 11B10
Medic E-4 91A10
Forward Qbserver E-5 13F20
Forward Observer RATELO E-3 13F10

Rifle Squad:

Squad Leader E-6 11B30
Team Leader E->5 11B20
Automatic Rifleman E-4 11B10
Grenadier E-4 11B10
Rifleman E-3 11B10
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TABLE II
LISTING OF MATERIEL INITIAL STRENGTHS

Materiel Quantity
Binocular 13
Chemical Alarm |
Compass, Magnetic
Dragon
Grenade Launcher 40mm M-203
Infrared Viewer AN/PAS-7
Machinegun 7.62mm M-60
Mortar 60mm
Night Vision Gggﬁles AN/PVS-5
Night Vision Sight AN/PVS-4
Night Vision Sight AN/TVS-5
Pistol Caliber .45
Platoon Ear1¥ Warning System
Radiac Detector Charger
Radiac Set AN/PDR-27
Radiacmeter IM-174/PD
Radiacmeter IM-185/UD
Radio Set AN/PRC-7
Rifle 5.56mm M-16A2
Small Unit Transceiver
Speech Security Equipment
Squad_Automatic Weapon
Tape Reader
Telephone Set TA-l{PT
Telephone Set TA-312/PT

=W -~

Pt
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the average time required to reach an acceptable operational
capability. Table III presents the 32 x 32 matrix of
personnel transfer times, in minutes, for the light infantry
company. It can be seen that there is significant potential
for substitution between infantry MOS codes (llxxx; see
Table 1I) but only 1limited potential for headquarters
elements and attached personnel (fire support team, forward
observer teams, and medics).

Personnel skill substitutions during reorganization
and reconstitution following degradation were limited to
those substitutions that would normally occur instead of
considering every possibility. For example, although the
company commander has the skill and training to substitute
for a rifleman, he would not assume that role.
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Transfer times ranged from 1 to 45 minutes (with the
exception of diagonal elements). For the most part, the

increased transfer times resulted from substitutions
involving greater differences in proficiency levels and from
the distance that had to be travelled during limited visi-
bility between positions of one personnel to the other. In
the case of the 1light infantry company in the defense
mission, that distance could be as much as 750 meters,
depending on the terrain. The time penalty assessed for
travel varied from 5 to 15 minutes.

2. Materiel

A similar matrix for materiel substitution times is
presented in Table IV. Due to the nature and organization

of the light infantry company, the unit possesses relatively
few essential materiel items. This provides very little
potential for these items to substitute for one another.
The most significant elements of materiel transfer times are
adjustment and repositioning times. )

E. MATERIEL REPAIR TIME

The times to repair light (operator level or first
echelon maintenance) and moderate (organizational level or
second echelon maintenance) materiel damage are shown in
Table V. According to [Ref. 6: p. 6], doctrine dictates 18
minutes as the time limit for light repair and four hours as

the time limit for moderate repair. Any equipment exceeding

- four hours of repair time is assumed to be not repairable by

b the organizational level and therefore is considered lost to

L.—'t

[-".. the unit.

£

-

-

¥ o

A

i:,,'-

o 28

n'-r"

-‘.;" = e " " od « U I T T T P SRS} . - « PO S R .-~
AT A e e S T e T e e e v‘f‘_bjg;}gbjijgﬁg}hig




4 gras ar'e e

N

NN

°°°l....H°3l.llll.bonoiitmml.l'.

o1

OO ¢ ¢ o 0 0 MO & ¢ s 0 8 05 OUY ¢ ¢ 6 6 5 5 5 0 0 s 0
- NN

1 =

[~ W]

4

. e mwmngc:--o N - R - R

o e OO ¢+ ¢ e o 2 2 o s s s 0 s e s e e s s s 8 s s e s .
iy

T e I I T R T T T
s o o oD ¢ o 4 e e 2t s 0 s e 4 s & 2 s 8 0 s s 0 s+ 6 s .

c G OOWIVIUY ¢ o+ + o o o 6 o 2 ¢ s 8 ¢ 28 ¢ 8 8 8 s 8 000
N e )

W st Y e OO s s s s D e e
s N

3 &

NNOOQOQO -« v wn
NN

o

™~

CNOO o+ ¢ o o 6 s 6 6 5 ¢ o 0 o o s oMWY o 0 8 8 3 0 0 00 8

Nt

NS

OO0 « ¢ ¢ ¢ 1O ¢ o 8 ¢ 0 0 ¢ s s UL » ¢ ¢ 2 8 v 5 s s
ey — .

)

Uewor3yTy

I91IpPBUIIYH

UewslJTY OTiewozny
l9ape9d] wea]

aspea] penbg

0TILVY I9AI3SqQ plemiog
19A395q0 paemiod

TPl

Iauuny un3dautrydew 3ISSVY
lauuns undauiyoey
0713LVyd uoolefd
jues319g uoo3leld
a9pea] uoolieid

I2Ie9g UOTITUNWUWY
aauung JIelaop

Iaped] penbs aejaol
IOpPE9TT UOTJI9G§ IBIIOY
I3uunsg JOWIBTIUY ISSVY
Iauunn Jouwieliuy
I9pea] wWed] IowieIjuy

x3pe’a]
OTILYVY
juesadaag

FSTYD

ucT3Ioeg Jowieijuy
wea] 3jxoddng satg
wea] 3jaoddng satj
wed] 3jxoddng axtg
013LVy Auedwo)
Isaoway

03N OdN

JITY) SuoIjediunuuo)

jueasdiag Lyddng
juea8xsg jsatg
I921FJ0 SATINI3XJF
Japutinuo) Aueduo)

T2uuosxad

Lanlon Lo lon Lo Lo Loy Lo Do Do [N TN TN TN [ OV TS [oN QN TN N [ea Taa To g}

AT UNO N OO =N NO N OO N O AN FNO N OO O e

29

.

Al 2

TINNOSYId Y04 XIYLVW YIJSNVIL
IIT JT9VL

(ps e i o a o Ao S ar g & ah Jech gy

TS
.
»
Tgoliyl
S
-
5
b
3
’




T o ol s ol sl - A A i ail® N - A Sl sovl i~ gk ol gu-gh“ il aAsh - rlh-pigd avw it g puing apn g ppt-ab o ass il auil neh gl s e auear gud ped et g f Bl Bidc sud vk o g

- Bl adal amis anh aad Shh et sk sati-at i acy nadoaxh |

I OOWY v o o o OO ANO + OU) » ONO o ¢ 2 0 0 AN ¢ o o
N1 o N N e e
Q1 OCOQUY ¢ ¢ ¢ o o) ¢ 0 ¢ ¢ 0 2 0 0 ¢ OO » ¢+ o o s s s s s s o
N e o~ -
- X e s 0 s s YN o s s e s s NOIND s s s s e e e OO0ON
- —— (2 Galis}
01 e s 0 0 0 e s 0 s 0 0 e s e ONONONMANAD ¢ ¢ 0 0 0 O o o o
- e oM
~ [ e s 8 s s s s s 0 s et 0 NOO OUY s 0 v e OUY s e
. ™~ - NN [ya 28]
a
|
2z (V-] S o e e s o s s e s s O AND s v s AND s e
(@] =l - N o3
O
N’
| wvy I s s o e s ) ¢ s ANNFED s e s e AN s e s AN
[$3] - . -
=
S
- W ] ce s e s ANO ¢ A0 - s - ANNOO ¢ ANNOOO
- & -5t - ==t el el
-
" A
—~ (2K L L Y o Ve 1 TV SV TV 1T IV IV B« T 1V IV Te )
Q O - —oN o= oM
o
& ]
(] [l COQ * o s o s o o DU + o o o WY ) + o« ANV -
ﬁ I e L L] Ny o~ o™
- DR e BT T T o T S R R Y Y == )
[ - — o~ —e—
[ Q
1< 1 Lol |
[72] 1 HEH WM Q €3]
= ! Y VY QO e (3]
8 g % E8o § & ¢
= N £ 3UT W O ol [ |
-t v (& ] O~ HOId @ & o I R0 =
U TO - Q ¢ B £ £C£ Q0O Q
£ BALEW® o LPECHES SNTSORD tz -
£ Quacso - P UME00 HOWUOIIZW Yy
01 EH-HATVO R £ VUIESANTIATMIOY QUH A
0 EO v oA H GONHONODGBE ®GHE £ N0k
M1 O MW équ mu:ccumé:ﬁ 00T Y
V:r OUNY® AR HMNAUTIO N IL OQOWTUN
i > Uno ‘= HE4 O 0 0 LNND-H v v~ Q
' talal?l -dOHhCGJéEEEC LMOECUN TDAUL AT
| G PEDVLCOMU NHNLNNNAHOOORY, W JGTE
| O IL~N3IZ NG did dI/ECO000H URET ECU
T AUV OAE OQMMEAMMHHALMNODLDEILNOLDELDAIICE O S
] EUVNAEBEOEENMNNUPPLNHNHNEGOSRSUNT HNIGL U
1 OXADOMNOMHHOOENO0O00E~N~~TNVOOTV I M
1 OEnOZ <O QCCCI NI <A AR < R = <O
AT IO N OO 1NN T VIO N ON O =T IO N O O =N
e et e e el O N N NN N N N NN N N Y

30

AR R . . .« et . [T S P S N ~'_-'_'-
T e e T T T ey ST T AT S L
T O AT A TR L O s Y ST S G T 1 T S TN W PR WP GV W WIS UL AR R




c .t

T TR

PSR
P

Lt

TR PR TR VIR R TG e

e fan Bio Ahe-ios daumio- Al S0e-ace it die Ahe-2Ea-RinAheacki Ml AinAie A ARCARSAREANLACE

N 2 S OOCOOOOONMNINO OOV -OOVIININGD
™ Fd vl gned e ek et e el Pt et =t
- s AAVIIIYY ¢ ¢ ANV <« ¢« o
e X {4 vt -
o o s AATIVIVIAA ¢ ¢ ANIIMIATIANIIAININL ¢ ¢ O
(22 ] =ttty =yl d -
(< W] e s s e s e e e s ANMNONONO NMNOOWY ¢« ¢+ ANOWVIVINY
™ a3 Y\ (3] ool ey
~ [ X t et s e s e s OO0 ANON AN D s e SO e
Q. N riCNM N (1] OO
=
= N e e e e e OO e s s s e s s s s s e s NG e
(@] ™t =l
(&)
e’
o | O s e s 0 0 0 0 OO v e s s e et 0 s s OO e s s
(%] ™t -t ]
=
z
@)
- v W L I I I I R I ST ¥« BT R R R R
- ™~
= K
o Ay
- & I e 0 OO0 ¢+ NNIMINOOOO ¢ OO + + « AN
L O Nt eyt peed =i r—dr—tpde—d -
(e
| e i
- 2 X o s ANV ¢ ¢ AONEFANIIIINIOMAIININO - ¢ ¢ N
5 o~ e rtrd edrd 4
N e e e e e O ANNNOO ¢ ¢ ¢  ANANOOO -OCONNOOO
[+ Y] - - —t et =ttt
3] (@)
(7% t - -l
) f HE WM Q (&)
2 ) Y vy Yo s =
p ' . -3 E%0 § 2 ¢
b~ ] I R o) < Y UV W =O o
- U (&) O~ HOI® O & W IR ] E
¥ QYO & - Q ¢ W £ K& QO v
B GBANE®R (=) VELHED skaOLD E> —~
C: QAo ws - 0 UBE00 HOQOIDW 13 w
0. Eumwo m g ao:Eﬁvwmvumow QUM -~
(28] O O odm H OWFOMHMAEL O £ ok
Hi O WP éwmd NUSGCOU§Cﬂ LQOT Y
v OoNoa VA M HHAITIOINKIL QOISTONH
Au 1 =X U2 NS Wi O O O AN~ v [ TR RN o]
1 P woua:wéessc LHECCUG TTUIVNAC
1B PEDVCLVNEMHHANNWNAHOOOER NN JGUE
1 O3~ 3Zha U dRGSEHOO0O0H URET EC
1 AUUAE OO HAAMPDLRLOLINOLOMNAZIICEQCH
] EammEuEEmmmuuuwuhuEmmmumvuk:)mua»u
I OXNNSOMHOMMHNHEOCERVNOO0O0OE~——d NV 00T U A
0RO ZCORAMMCCCIETNE AR G RN =<0
AT IO N OO =AM VNO N O N O -+ NN T WVIO N OO it
Ll L L Lo o Lo B e e TN TN TN TN TN TN T N NN TN g Vo T
31
R ptm et ALt teteTiiol s e \',“-,-_‘_ e s ’,.-.._-\.. A \-.; J et
S 'f'-"'z:‘:}'.'.'t VPSSP AEIP I AN {:-;._:'.”u'n_{u’,-_f PRI R R N S A R LA VSN AL ._Lj- .




b
-
L4
ol
. ” . : . . . . . Hm\wwm-<H 319¢ suoydsyial ¢g i
. : . . . . : . Id/1-VL 38§ oco:&mmww Y¢ .@
. . . . . . . . . a3apeady ade] ¢¢ “
. . < . 01 . . . . uodesM Oorjewolny penbg g7 s
. . 3 . Y . . . . juawdtnby Ljranosg ydsadg {¢ o]
. . . . . . . . . I9AIdOSUBI] 3ITUN [IeWS Q¢ s
: : sy sz : : : CYIL-W uuge -G STITY 61 o
. . ; . ; . . : . wh-uxm\z< 3195 oipey 81 Bt
an/S8I1-WI I33sawoerpey /] KA
. . . : . ’ . . . dd/#/1-|yI a33awdeipey 9] e
. . . . . . . 4¢. AAd/NY 335 oeipey 1 o
. . . . . . . . . x93Xey) uomuouon oeipey §I -
. . . . . . . . . wa3sAs 3utuieMm Ayaejy uvooleld ¢ KA
. . . . . . . . : Gh. I9QIT®) 103ISTd ¢] .
S . 0 . . . . . G-SAL/NV 34315 UOTSTA IY3IN 1] S e
¢ . . : . . . . . m-m¢m\z< ummﬁm uoIsIA IY3IN Q1 e
3 . . . . . . . . G-SAd/NV s°18305 uotsiA IY3IN ¢ e
Y 0 . . . . . . . EEON Iejaol § s
. ; 0 . 0z . . . . 09-W uwgg -/ undautyoep / ‘A
¢ U 0 J . . . G L-SVd/NV A5M3TA paaeajul ¢ "4 4
7 0 SH 0 . . . : £€0¢-W wuQy x3Yyoune] IPrRUIIH G e
. Y 7 . Y 0 . . . uo8eaq ¢ R
. . . . . ! 0 . . o139ulel ‘ssedwo)y ¢ O
. . . . . . Y 0 . wiely [edtway) ¢ 1
. . . . . . . v o xerndoutrg | e
- .-.‘.J
s % ¢ ¢ 1 1911938K 3
TATIALYH 404 XTYLVW YAASNVIL mm
AI I74VL mm
"3
X
o
.t- ---‘
ﬁ....”,
oy

LA RO . { BRI, et KR . R OOy ST 16




A ".,T

LY

PRI W T ANECTT

e

Pl Tl o G oo dh Nk

(el in b Bl Mo o)

T P T T T TR T R TR PG T Y

N REREE

® 5 5 o s 8 0 s 0 s s s s N

L1

@ o 8 o o s 0o a v s 0 s o YO e e s 0 e 0 s e s

91

e o 0 0o o s s 06 0 0 0 00 0 ¢ o s 0 s s s 0 e

st

T T = T T T T T TS,

o

e D) OO0 O st s s e s e s s
g alalial

113

€1

R - R LT

« s s an

at

o s 0 e O s OO s e s s s s e s s e s e
~ r=ir=i

11

1
1

s o 0 0o O ¢ OOO ¢+ 2 v e 0 e e e s s s e s
i

ot

ml

1d/Z1¢-V1 39s auouydayay
1d/T1-V1l 33g_auoydaial

Jape2y ade]

uodeaM o213ewolny penbsg
juawdinby £31andag yoaadg
IJATIIsueI] JTU] T[TeRUS
CVIT-W wwog G STJTIY
mu-uzm\z< 33§ oipey
an/S81-WI Ia33woeipey
ad/4/1-|I x333wdeipey

4¢. d4d/Ny 335 OeIpTy
IX933iey) 10303390 oeipey
wa3sAs SuruleM Arae3l uocojleld
Ghy: IXaqITe) [031SId

G-SAL/NV 34Y3rg UoTISTA 3Y3iN
-SAd/NV umwﬂm uoisiA IY3IN
Ad/NV s378309 uoistp Iy3diN
EEOM Ielaol

09-§ wwzg-/ undauryoe|
£L-SVd/NV _I3M3TA paieiju]
€07 -W uQy I3Youner] apeuaiy
uo3eaq

9139ulel ‘ssedwo)

wiely [eotway)

Ieinooutlg

191I33el

(°a,INOD) TAIYALVH Y04 XIYLVW ¥IJISNVIL

Al 21qel

el et e e g pmed e e el N N N NN N

NI UMNO N OONO NI VIO N OO NN

33

RNEL L

el
3 -

R

;;{'\\-i.: L.- ';.‘:.;;’ N

e e
.

“ .

YA -

et LT,
) sl el oS,

TSP W A WY

Wt
D
.




LSt B Sl M0 0 el sl

R e S Sl

v

TR U

[2a]

¢ o 6 ¢ 5 % s e s o 0 0 a0 s e e 0 s s OO

S¢

[1a]

L I I I I T I R T I« e ]

ve

LRI I A 2 SR I BT ST Y B TR R I S ST ST T ST Y Y o U

€2

1d/2T€-V1l 395 duoydaysay

. 1d/T-v1l 39S mcoz&mmwa
lapeay ade]

uodespm o13ewolny penbg
jusudinby £3tanoag yoaadg
I9ATadsued] 3ITUQ] TTEWS
CV9Ll-W wugg "¢ I[JTY
mu-umm\z< 39§ oipey
an/s8i1-KWI Ia3swdeipey
ad/%/1-W1I x933wdeIpey

¢- 4dd/NV_213g OJeipey
I33d1ey) 1030339Q Ooeipey
wajsAg SutuaeM Afaed uooleld
Gh.o A2qTITe] TO1ISTd

S-SAL/NV 34815 UOISTA IY3IN
H-SAd/NV ummﬂm uoIsSIA IY3IIN
G-SAd/NV s318809 uoisTA IYy3IiN
Esom IBJION

09-W wwgg‘/ UnsauTydey
L-SVd/NV _I3M3TA pa3reijul
€0Z-W wWuQH II3Yyoune] apeUILH
uo3eaq

o139u8el ‘ssedwo)

wiely [edTway)

aeyndooutg

R - -
o~
O s s e
SRR -
WD e v e s e
[ap]

N D

L I R e O O I T BT R ¥ o )
LI R e e A -

s e 0N
(R

131323el

2z 1z 0z 61 81
(*a,INOD) TATYILVK 40d XTYLVW uAISNVYL
AI °1qel

Lanlanlan o Lo T L L o D TSN T QS TV TN TN T o ¥

rHNORTNIO N OO AN TINO N OO O AN

34




CHAS il Sl ohl™ aad. b ko ater” afl S et™ sliaieg ~ g e
L

TABLE V
MATERIEL REPAIR TIME

Repair Time (Minutes)

D T T R

Materiel Damage amage

Binocular
Chemical Alarm

Compass, Magnetic
Dragon
Grenade Launcher 40mm M-203
Infrared Viewer AN/PAS-7
Machinegun 7.62mm M-60
Mortar 60mm
Night Vision Goggles AN/PVS-5
Night Vision Sight AN/PVS-4
Night Vision Sight AN/TVS-5
Pistol Caliber .45
Platoon Early Warning System
Radiac Detector Charger
Radiac Set AN/PDR-27
Radiacmeter IM-174/PD
Radiacmeter IM-185/UD
Radio Set AN/PRC-7

ifle 5.56mm M-16A2

Small Unit Transceiver
Speech Security Equipment
Squad_Automatic Weapon
Tape Reader
Telephone Set TA-l{PT
Telephone Set TA-312/PT
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F. PROBABILITY OF DEGRADATION SET

A probability of degradation set (PD set) consists of
both the degradation probabilities and the commander's deci-
sion times for personnel and materiel. This set 1is
presented in Tables VI and VII. The degradation probabili-
ties for personnel and materiel are determined by the unit
posture and the threat being simulated.
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1. Personnel PD

Personnel probabilities of degradation can be
derived from the Joint Munitions Effectiveness Manual based
on the light infantry company in a defensive posture against
conventional weapon systems. The recommended degradation
probability is 0.10 by the Combined Arms Center (CAC) at
Fort Leavenworth.

2. Materiel PD

Materiel probabilities of degradation are required
for light and moderate damage (repairable in the unit) and
for severe damage (lost to the unit). The Combined Arms
Center recommended that the corresponding degradation prob-
abilities should be 0.10, N.0S, and 0.02. In Table VII, the

cumulative "at least light" column is the sum of the indi-

vidual light, moderate, and severe PD's, the '"at least
moderate" column is the sum of the moderate and severe PD's,
and the "severe" column is only the severe PD. These cumu-
lative PD’'s are required by the AMCRE model.

3. Commander's Decision Time

In any given situation following degradation, a
commander needs time to assess the condition of the unit and
decide how to reorganize. This decisjion time is in addition
to any transfer times (personnel and materiel) except for
diagonal elements. It takes into consideration the time
lost due to the initial impact following an attack, which
may result in a brief period of confusion, demoralization,
and immediate aid to casualties. After the initial reaction
period, the commander's decision time will involve time
elements for damage assessment, communicatiomrSf damage and
casualty reports, the commander's evaluation and decision

process, and communication of decisions for employment of
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surviving assets to reconstitute the unit [Ref. 7: page 20].
A time of five minutes, concurred by subject matter experts
at the Light Division Certification Board at CDEC, for all
levels of degradation was used for this analysis.

TABLE VI
PROBABILITY OF PERSONNEL DEGRADATION SET

Commander's .
Decisjon Degradation
Personnel Time (min) Probability

Company Commander
Executive Officer

First Sergeant

Supply Sergeant .
Communications Chief
NBC NCO

Armorer

Company RATELQO )
Fire Support Team Chief
Fire Support Team SerEeant
Fire Support Team RATELO
Antiarmor Section Leader
Antiarmor Team leader
Antiarmor Gunnex

Asst Antiarmor Gunner
Mortar Section Leader
Mortar Squad. Leader
Mortar Gunner
Ammunition Bearer

- Platoon Leader

Platoon Sergeant
Platoon RATELO
Machinegun Gunner

Asst Machinegun Gunner
Medic

Forward Observer
Forward Observer RATELO
Squad_ Leader

Team Leader

Automatic Rifleman
Grenadier

Rifleman
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G. MISSION ESSENTIAL TEAM (MET)

The AMORE capability analysis requires the breakdown of
the unit into essential teams, consisting of only those
personnel and materiel elements which are necessary to
accomplish a mission. In the case of the 1light infantry
company, the smallest combat force 1is the fire team
consisting of the following elements: team leader, automatic
rifleman, grenadier, and rifleman. If an element is missing
for any given essential team, that team then has no mission
capability [Ref. 8: p. 2-10]. Using the fire team as the
basic increment of capability, eighteen teams were
constructed to produce the increment of mission performance.
An effort was made to distribute basic skills and equipment
as evenly as possible across the various increments of

capability.
1. Personnel

Table VIII shows the personnel mission essential
teams for the light infantry company. It can be noted that
the teams contain a command element along with a full
complement of infantry, antiarmor, and mortar personnel
required for night defensive operations. The executive
officer, supply sergeant, armorer, fire support team,
medics, and the forward observer teams were not considered
essential to this particular mission.

2. Materiel

The composition of the materiel mission essential
teams of the light infantry company is presented in Table
IX. These elements represent the equipment associated with
the proper personnel. Only major items of equipment are
listed and each item 1is considered to include all of its

component parts. Some items which are issued on the basis
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of one per individual (protective masks, bayonets) are not
included.

H. NUMBER OF ITERATIONS

An iteration includes application of damage to personnel
and materiel, assessment of surviving resources, reconstitu-
tion of the maximum number of mission essential teams, and
evaluation of an expected value of unit capability at speci-
fied time periods. The number of iterations must be greater
than or equal to two for proper program execution.
According to the User's Manual [Ref. 9: p. 2-32], fifty
iterations are generally sufficient to provide statistically
significant convergence of results. Thus, fifty iterations

were used in the analysis of the light infantry company.
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. ITI. ANALYSES OF UNIT CAPABILITY
. A. GENERAL
! This chapter 1looks at those personnel and materiel
- factors which influence the light infantry company's ability
;“ to reconstitute its combat capability following an attack.
if Some of the factors which affect its recoverability are
e [Ref. 1: p. 5-1]:
. 1. The number of personnel and materiel items which are
l; authorized by the TOE and the number that survive
- after an attack.
W 2. The transferability of personnel and materiel to
% other skills or functions.
i?: 3. The time required to accomplish the transfer
ﬁ- (including delay and repair times).
e 4. The demand of the essential teams for specific types
and numbers of personnel and materiel items.
> The AMORE methodology considers the above factors in
ff producing the output for the base case from the available
o data.
,; The following assumptio?s apply in the analyses:
e 1. Personnel and materiel systems for the base case
jﬁ light infantry company are from the TOE developed by
¢} the US Army Training and Doctrine Command (TRADOC).
iE 2. The light infantry company is at 100% strength (as
;i defined by the TOE) at the beginning of the mission.
t; 3. Personnel are fully trained and qualified in their
tf Military Occupational Specialty (MOS).
i@ 4. Materiel systems are operationally combat ready at
Zg the beginning of the mission.
L
=4

l
< x
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5. Available weapon systems have an adequate supply of
ammunition for the entire mission.
6. Stress, fatigue, morale, etc. are not explicitly
considered.
The two most important outputs used as the basis for the
analyses of this chapter are:
1. Unit capability - the average recovery capability the
total unit (both personnel and materiel) has attained

by a given time.

2. Available surpluses and shortages - those elements
(either personnel or materiel) that prevented the
unit from having additional capability (shortages)

and those which are not being utilized (surpluses).

B. UNIT CAPABILITY

1. Mean Fraction of Capability

The rate of reconstitution is a function of the
times required for transfer and/or repair of assets. The
AMORE methodology allows the user to use average times or

random exponential simulated times based on the input mean
distribution is known as
For this

the "mean time only" option was considered suffi-

or expected times. The exponential

a frequently'observed waiting time distribution.

analysis,

cient for determining capability.
Table X the

degradation capability for personnel and materiel as a func-

presents mean fraction of pre-

tion of time after degradation. These capabilities are

evaluated at the specified time periods, and at minimum and
is evaluated
All

but only those with a total time

infinite times. The minimum time capability
after the

transfers are in progress,

immediately start of the reconstitution.

(transfer + commander's decision + equipment repair) of zero

have been completed.

Infinite time or maximum capability is

46
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4.
‘$§j evaluated when all possible transfers and all possible
o equipment repairs have been made. The "Unit" column gives
. the unit capability which is the minimum of the personnel
Q@f and materiel capabilities derived from the average for all
i iterations [Ref. 9: p. 2-50]. Additionally, the confidence
.ER limit based on the t-test of significance for a 90 percent
confidence level (two-sided) is given for each of the mean
203 capabilities. The basic equation is [Ref. 10: p. 3-84]:
_'f_'-
90% CI = +t \/’ﬁf - (YK )P/ § (eqn 3.1)
n i i
- ¥ N (N-1)
iu; where X:.L = capability for iteration ij;
i‘“:' N = number of simulation iterations (2<N=<00);
574 tn = table value of t for N-1 degrees of freedom.
T An example of how to read the table is as follows:
after 0.5 hours, personnel regained a mean capability of
;j— 96.2 percent, materiel reached 69.9 percent, and the minimum
EE or unit mean capability was 69.9 percent. Maximum recovery
o is accomplished between 4.0 and 4.25 hours. This can be
"; identified by the first point in time where the value of
",} unit capability reaches its maximum. The 90 percent confi-
ﬁ dence interval for the unit capability can be calculated
1;3 using eqn. 3.1 at that time and the range is from 0.913 to
b 0.933.
:f; Figure 3.1 depicts the graphical representation of
fg the mean data presented in Table X. It does not indicate
‘;j any significant divergence between the personnel and
,ﬁ:‘ materiel capability over time. It does show that materiel
;;. is always the 1limiting or minimum factor at any time after
ﬁﬁ 0.25 hours. At 0.25 hours the materiel capability and unit
;3 capability become and continue to be equal. Prior to that
::_:3 47
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Time
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is resilient at a 10 percent degradation level (degradation
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Integral of Unit Capability with Respect to Time

2.

of the cumulative area

Table XI provides the output

This area provides a measure of
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over the six-hour time

the accumulated effective unit hours

period.

TABLE XI
INTEGRAL OF UNIT CAPABI%ITY OVER TIME

(BASE CASE

Team
Hours

Unit
Hours

Unit
Capability
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(Hours)
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The unit capability (Unit column from Table X), as
mentioned earlier, is the minimum of the personnell and
materiel capabilities derived from the average for all iter-
ations. The wunit hours available to the light infantry
company define the maximum potential output. of the company
in time. This means that a full-up unit at 100'percent
capability would have one unit hour available in one hour.
Unit output is expressed in terms of team hours where one
team hour is defined as the amount of work one team can do
in one hour,. The maximum value for the light infantry
company would be 18 team hours of output work every hour.
The average cumulative area is given in terms of the unit
hours and team hours that are available from the beginning
of reorganization to the desired time. Table XI shows that
0.669 unit hours were available in the first hour or 12.050
team hours from an eighteen-team unit. The light infantry
company has recovered to 79.8 percent capability at the end
of the first hour. However, the potential work the company
could have produced in that hour is only 66.9 percent of a
full-up unit,. Figure 3.2 graphically shows the effective
unit hours compared to a reference line representing a unit

at 100 percent capability over the entire time.

C. CHOKE ANALYSIS

The choke analysis output (Appendix A) provides the
information on why the light infantry company was unable to
reconstitute to full capability by infinite time. The
output includes those items needed (Needs), on the average,
to complete the designated team and those items excess
(Surplus), on the average, to the requirements of that team.
The standard deviation for these averages is also given.
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Those personnel and materiel items critical to additional
capability in the unit are identified as need items while
the surplus items show where possible changes in transfer
capability could be used to increase unit recovered capa-
bility. The number of teams attempted (one beyond the
optimal solution team) is provided along with the number of
iterations for which this '"next" team was attempted [Ref. 9:
p. 2-53]. '

1. Personnel Requirements and Shortages

As expected, the richness of total personnel due to
substitutability is apparent in the light infantry company
as evidenced by Tables XXI and XXII in Appendix A. For
example, in the results listed in Table XXI labelled '"(Team
18)", seventeen teams were built and the eighteenth team was
attempted to be built. The model failed to complete the
eighteenth team twenty-three times out of the fifty itera-
tions (The other twenty-seven attempts will be shown on
additional printouts at -the appropriate team level of
attempted completion). The attempted construction of the
eighteenth team failed (choked) due to the personnel needs
in column one by the amounts specified by the values as
listed. These values were derived by the following

expression:

n

( Z:(total number of shortages by skill) )/n
i

i=1

where n = number of failures (iterations).
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TN The major items contributing to the choke on the eighteenth
team were as follows:
1. Communication Chief (skill number 5)
Antiarmor Gunner (skill number 14)
Mortar Gunner (skill number 18)
Squad Leader (skill number 28)
Team Leader (skill number 29)
Automatic Rifleman (skill number 30)
Grenadier (skill number 31)

~N oy N

" Table XXII is denoted by "After Last Team" and indicates
that the "next" team increment solution is not required

. since all eighteen teams can be built. Therefore, the

‘ "r"*"‘. .

e 3 et
LU DALV S S

average needs are not necessary, resulting in only a listing
of average surplus and standard deviation of surplus. The
fifty iterations of the simulation are accounted for as
follows: seventeen teams were built in the twenty-three

INBEY:

iterations of Table XXI, and eighteen teams were built in
the twenty-seven iterations (23 + 27 = 50) of Table XXII.

.o
N .t‘ :
agp Ay L

2. Materiel Requirements and Shortages

frf © Tables XXIII through XXVI in Appendix A display the
- choke analysis output for materiel. An examination of Table
2 XXIV shows that the sixteenth team was attempted five times,
%{ resulting in a maximum capability of fifteen teams. This
was caused by a 1lack of materiel items 18 and 20. On the
average, team sixteen required 0.80 of item 18, an AN/PRC-77
g radio set, and 0.20 of item 20, a small unit transceiver.
:j% In other words, in four of the five iterations an AN/PRC-77
iﬂ radio set was needed to build the sixteenth team while the
remaining iteration required a small unit transceiver.
v Analyzing the remainder of the choke data for materiel in a
ﬁ;} similar method results in a Dragon (item number &) being
l§? needed to build the fifteenth team in one iteration, a
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binocular (item number 1) being needed to build the seven-
teenth team in one of the six iterations, and a Dragon being

needed in the other five iterations.

Thirty-eight itera-

tions choked on team eighteen in Table XXVI due to a lack of
most of the materiel items. To account for all fifty itera-

tions of the materiel run, the following summary of results
is provided:

D.

_____
ey

Number of Teams Built

Number of Iterations

14 1
15 5
16 6
17 38
50
CONCLUSIONS

Bas

ed on the results from the analyses of the two

outputs, the following observations are made:
1.

LA

The recovery capability of the light infantry company
at the end of its assigned mission indicates that it
is resilient at the 10 percent level of degradation.
Resiliency is limited by some items of equipment,
particularly the Dragon which is a low-density equip-
ment. Improving survivability for the Dragon would
increase reconstitution capability.

Although all eighteen personnel essential teams were
built in 54 percent of the iterations, improved capa-
bility could be accomplished by increasing the
substitutability for squad leaders and team leaders.
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IV. SENSITIVITY ANALYSIS

A. GENERAL

This chapter investigates how sensitive the AMORE simu-
lation output measure of effectiveness of the light infantry
company is to changes in the input parameters. A review of
existing AMORE literature indicates that the model provides
sensitivity analyses to changes in practically every input
factor. This analysis examined the sensitivity to changes
in the following input parameters, which are considered by
the author to be of primary importance to the light -infantry
company analysis:

1. Probability of degradation
2. Mission essential teams
These will be referred to as Alternative Cases I and II.

B. PROBABILITY OF DEGRADATION

1. Small Variations in Personnel PD

The base case in Chapter III assumed a 10 percent
probability of - degradation for all personnel in the light
infantry company. This section will allow the degradation
probabilities to vary with the relative location of each of
the personnel in the defensive position. It should be
expected that vulnerability levels would vary depending on
the degree of exposure. Table XII illustrates such a
possible situation. As an example, squad members (PD =
0.12) are more exposed to direct fire weapons than those
personnel in the company headquarters position (PD = 0.08).
These probability of degradation values were developed from
discussions with subject matter experts at the Light
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Division Certification Board at CDEC. It was determined
that values between 0.06 and 0.14 would be considered
reasonable to classify as a light level of damage.

TABLE XII

PROBABILIT% OF PERSONNEL DEGR?DATION SET
ALTERNATIVE CASE I

Commander's

Decision Degradation

Personnel Time (min) Probability
Company Commander 5
Executive Officer 5

First Sergeant

Supply Sergeant
Communications Chief

NBC NCO

Armorer

Company RATELO )
Fire Support Team Chief
Fire Support Team Sergeant
Fire Support Team RATELO
Antiarmor Section Leader
Antiarmor Team leader
Antiarmor Gunner

Asst Antiarmor Gunner
Mortar Section Leader
Mortar Squad Leader
Mortar Gunner
Ammunition Bearer
Platoon Leader

Platoon Sergeant

Platoon RATELO
Machinegun Gunner

Asst Machinegun Gunner
Medic

Forward Qbserver
Forward Observer RATELO
Squad_Leader

Team Leader,

Automatic Rifleman
Grenadier

Rifleman
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The AMORE model was then run with all other input
parameters kept constant. Table XIII displays the mean
fraction of capability for personnel, materiel, and the
unit.
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due to the stochastic process and the "sort" routine used in

the AMORE model.

slightly increased unit capability due
materiel capability.

subsequent results

thus yielding different results.
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of the resiliency curves of both cases over all time periods
in Figure 4.1 suggests that the differences are
insignificant.

TABLE XIV

COMPARISON OF MAXIMUM UNIT CAPABILITY
FOR THE BASE CASE AND ALTERNATIVE CASE I

Personnel Materiel Unit
Base Case 0.974 0.923 0.923
Alternative Case I 0.963 0.928 0.927

In this case, although the changing of the prob-
ability of degradation for personnel based on their degree
of exposure to enemy direct fire weapons increased the capa-
bility of the light infantry company, the difference was not
deemed significant enough to draw any viable conclusions.

2. Broad Variations of Personnel and Materiel PD Levels

The effect of widely varying levels of degradation
probabilities for personnel along with a corresponding
change to materiel probabilities of degradation was analyzed
next. The degradation levels used include the base case as
level 1 and are listed in Table XV. The results of running
the AMORE model for each level are provided in Appendix B.
Figure XVI presents the capability of the light infantry
company at infinite time at each level.
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o TABLE XV
“ ) LEVELS OF PROBABILITY OF DEGRADATION
b ' Materiel PD (Cumulative)
2 Personnel At Least At Least
‘ Level PD Light Moderate Severe
3 1 10 10 05 0
- 2 20 20 10 0%
o 2 30 30 15 Q6
. 40 40 20 08
% 5 50 50 25 10
b
TABLE XVI
MAXIMUM UNIT CAPABILITY
- Level Personnel Materiel Unit
’ 1 0.974 0.923 0.923
. 2 0 828 0.882 0.839
" 2 0.749 0.819 0 722
> 0.649 0.781 0.640
S 5 0.518 0.771 0.518
-'
e
o The recovery capability of the 1light infantry
i company based on Table XVI is displayed in Figure 4.2.
) According to the resilience threshold (1-PD), it can be seen
. that the company is resilient between the 10 percent and 50
61
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percent levels of degradation. Its capability to reconsti-

tute after degradation is primarily limited by the number of
survivors and not by the shortage of any particular skill or
materiel items.

C. MISSION ESSENTIAL TEAMS

Although doctrine states that the rifle fire team is the
smallest combat fighting force, its size (four members)
under the light infantry concept may preclude it from under-
taking very many missions. Therefore, in this section the
squad will be considered as the basic increment of capa-
bility in determining mission essential teams. This results
in nine mission essential teams for both personnel and
materiel (Tables XVII and XVIII) versus eighteen for the
rifle fire teams. The same total number of personnel and
materiel was used in constructing these new mission essen-
tial teams.

The AMORE model was again run with all other input
parameters kept constant. Table XIX displays the mean frac-
tion of capability for personnel and materiel.

This trial resulted in a significant decrease in unit
capability compared to the base case as shown in Table XX.
Both personnel and materiel capabilities are lower at infi-
nite time. Although personnel capability exceeds the
criterion value of 1-PD as the resiliency threshold, the
unit as well as the materiel does not, resulting in the
company being not resilient. Figure 4.3 presents a graph-
ical comparison of the resiliency curves of both cases over
all time periods.
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TABLE XX

COMPARISON OF MAXTMUM UNIT CAPABILITY
FOR THE BASE CASE AND ALTERNATIVE CASE II

Personnel Materiel Unit
e Case 0.974 0.923 0.923
ernative Case II 0.938 0.880 0.876

Broad variations of personnel and materiel probabili-
ties of degradation 1levels identified the 1light
infantry company as still being resilient to at least
the 50 percent level of degradation.

Restructuring the number of mission essential teams
from eighteen to nine revealed that the capability
level decreased significantly to the point that the
company was no longer resilient.
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

A. SUMMARY

The importance of the 1light infantry concept 1is to
provide a capability of rapidly deploying a highly-trained
unit in response to a contingency mission anywhere in the
world. This light force would be particularly effective in
meeting a crisis in a low-intensity scenario such as Grenada
and Lebanon.

This thesis investigated the 1light infantry company for
a night defensive mission in a nuclear, biological, and
chemical (NBC) environment to identify, from a set of alter-
natives, the force structure that maximizes unit resiliency/
recoverability on the battlefield. The Analysis of Military
Organizational Effectiveness (AMORE) methodology, developed
by Science Applications, Incorporated (SAI), was used to
evaluate the alternatives.,

Chapter I discussed the AMORE methodology, the light
infantry concept, and the purpose of this thesis. Chapter
II presented the extensive input data that was developed for
the AMORE model. This data assumed the light infantry
company was performing only the defense mission. The anal-
yses of unit capability are presented in Chapter III. Some
of the areas examined include capability as a function of
time, potential productivity, and available surpluses and
shortages. A sensitivity analysis was conducted in Chapter
‘'IV to investigate the effects of changes in degradation
probabilities and the definition of a mission essential team
on unit reconstitution capabilities.
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B. CONCLUSIONS

Based on the results of this analysis, the following
conclusions are provided:
1. The light infantry company, as currently designed for

employment in low-intensity conflicts and as analyzed
in this study, possesses resiliency/recoverability,
as defined by SAI,

mission essential

if it is structured with eighteen

teams. It is not resilient when
only nine teams are constructed.

2. At a
defense mission
the 1light

However,

to the
.10),

materiel-limited.

low level of degradation corresponding
(probability of degradation =
is

infantry company

at higher 1levels, personnel constraints
become the limiting factors.
3. The choke

the team leader as the primary personnel shortfalls

analysis identified the squad leader and
at a 10 percent probability of degradation.

4. Materiel recovery was affected by some low-density

items such as the Dragon and the AN/PRC-77 radio set.

Losses of these key items were found to be extremely
degrading to the company's combat resiliency.

5. The of

attributable in part to the large number of technical

relatively 1low rate substitutability 1is

jobs requiring specialized training.

C. RECOMMENDATIONS

The following recommendations are given:
the
the fire team

1. Subsequent analyses of
should establish
capability for determining mission essential teams.

light infantry company

as the increment of
2. Further specific areas of study that could complement
this
times and increased probabilities of degradation.

thesis include random exponential simulated
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o 3. The analyses of the capability of the light infantry
- company based on eighteen mission essential teams and
on nine teams raised questions about the definition
- of resiliency and what an essential team is believed
to do. This issue should be resolved.
N 4. At higher intensity conflicts, augmentation in
personnel and materiel 1is likely to result in
b improved capability. AMORE analyses of the light
'ﬁ infantry company for each type of attack and defense
: mission in every scenario of the strategic spectrum
of conflict is needed to provide a complete picture
e of the resiliency of the company.
e 5. The procedures for determining the probability of
R degradation for infantry equipment should be investi-
gated since many of the choke points uncovered by
. AMORE may be due to an artificially high degradation
level for materiel.
> 6. Increasing the quantities of the critical low-density
items may be appropriate and should be evaluated.
- 7. In the sensitivity analysis, an attempt was made to
= have various personnel elements of the company have
- different risks of being degraded. This concept
' suggests that some type of weighting factors, based
upon external analysis such as combat simulations or
Joint Munitions Effectiveness Manual (JMEM) methodol-
ogies, could be developed and assigned to each
element to reflect the varying risks.

-

alal ] K

Pt}
e

-

8. The value of substitutability is so significant that
every effort should be made by Table of Organization
and Equipment (TOE) builders to insure that all
possible substitutions are recognized and considered

s T

in structuring the organization of a unit.
Cross-training and on-the-job training should be
increased to improve the 1light infantry company's

T
T T,
nll.

.
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10.

11.

reconstitution ability as a result of greater substi-
tutability. Lower skill level personnel should be
trained to work and plan as effectively as possible
with minimum supervision. Emphasis should be placed
at unit level to train for reconstitution.

The application of high technology to reduce materiel
losses or repair times can reap great benefits. Due
to the 1limited mobility of the 1light infantry,
continued emphasis must be placed on equipment design
oriented toward reduced size and weight. Some design
criteria would be high reliability and maintain-
ability, man-portability, survivability, and longer
range. This would significantly increase the ability
of the light infantry company to reconstitute.
Although the AMORE methodology has value in providing
insights into existing organizations and into indi-
vidual training objectives, it should be used in
conjunction with, not to replace, the present US Army
Training -and Doctrine Command (TRADOC) TOE develop-
ment methodology.
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