¢’ L ]

NAVAL POSTGRADUATE SCHOOL

Monterey, Califonia . .~

AD-A196 805

THESIS

SIMPLIFIED RESILIENCY ANALYSIS OF
U.S. ARMY TOE UNITS

by
James R. Thomas

March 1988

Thesis Advisor: Thomas P. Moore

Approved for public release; distribution is unlimited

V/J Q AUB 1 5 1983 i




Unclassified

security classitication of this page

REPORT DOCUMENTATION PAGE
ta Report Secunity Classification Unclassified Ib Restrictive Markings
2a Securiry Classification Authoanty 3 Distnibution Avalability of Report
T Declassiticazion Downgrading Schedule Approved for public release: distribution is unlimited.
< Perfersmnz Orzanizatton Report Number(s) 5 Montoring Orgamization Report Number(s)
22 Name of Performing Organization 6b Office Symbol 7a Name of Monitoring Organization
Naval Postgraduate School (if applicable) 360 Naval Postgraduate School
¢ Address «irv. seate, and ZIP code) 7b Address (ity, state, and ZIP code)
Monterey, CA 93643-3000 Monterey, CA 93943-5000
sa Name of Funding Sponsoring Organization 8k Office Svmbol 9 Procurement Instrument [denufication Number

(i appiicabie}
wo Address iy, siate, and ZIP code 10 Source of Funding Numrgers

Prozram Element No I Project No ]'l‘aik Na ‘ Work Lmit Accession No

U Tedle s inciude security lassificadon) SIMPLIFIED RESILIENCY ANALYSIS OFF US. ARMY TOE UNITS
12 Persenal Awersy James R Thomas
b r2 el Reper 13% Time Covered 11 Date of Repott ( year, month, day) 15 Page Count
\aster 5 I.L.\m Frrom To March 1988 9
5 Supplumer ran Nouuon The views expressed in this thesis are those of the author and do not retlect the official policy or po-

Lot sition of the Departiment ot Detense or the U.S. Government.

! T Cosau Codes 18 Subject Terms (continue on reverse if necessary and identify by block number)

’ iald Grovn Subgroun | resiliency, reconstitution, combat effectiveness.

V9 ADRSIACt ¢ condinue on reverse if necessary and identifv by block number)

- ““The objective of this research is to develop and demonstrate the use of an alternative methodology for the Armny force
structure community to determine the resiliercy of U.S. Arny Table of Organization and Equipment (TOE) units. A suncy
was developed to gain an understanding of the TOE design environment, TOE procedures, and those design characteristics
which have an impact on the resiliency of a unit. The survey was distributed by mail to various Anmy organizations involved
with the TOE design process and 39 of 150 surveys were returned. The research led to the conclusion that a suuphhed
resiliency me thodolo"y could be used to estimate a unit’s resiliency. This methodology is demonstrated. — ..

)
A
/
M

-

.

q —

- i) 5 1A 21 Abstract Security Classitication

: n 5 mapert T DTIC asers Unclassified

‘u CL el R e Individual 220 Tejenbone ciniude JArea code) 2L ORGee Svimmbol

"‘ Pitomas Povloors 1408y 646-2768% SNANS

v DD TORM 47302 vaR 33 APR edition may be used gl exhausted security classification of this page

’ All other cditions are obsolete

q Unclassified

[}

N e “\' Ll sl e L L ol !




.;.,
L
W Approved for public release; distribution is unlimited.
0 Simplified Resiliency Analysis of U.S. Army TOE Units
X
( by
t:o.
) James R. Thomas
! Captain Thomas, United States Army .
_' B.S., Western Kentucky University, 1977
1 M.S., University of Southern California, 1981
) ‘.\
i Submitted in partial fulfillment of the
N requirements for the degree of
D
( MASTER OF SCIENCE IN OPERATIONS RESEARCH H
_::_ from the
! -
- NAVAL POSTGRADUATE SCHOOL
;' March 1988
O r
‘

e

;, Author: @» %‘""44\
-, O James R. Thomas

(

; Approved by: azhcm\,(m p WLO'CQQ
% Thomas P. Moore, Thesis Advisor
: bt ) o
] N

. Harold J.éf.ar\s{)n, Second Reader

YO Dl (Ewy

A
ST,

s

Peter Purdue, Chairman,

Y SN )

/ /

/ Dc/]ames M. Frefngen,
/ Acting D€an of Inforpfation ind Policy Sciences

e SRR

-
2w a W

LN

. . . .. . . - ~ o o ~
e T e e T T e e W T T N T W e e e 2SN AN - e f
O SRRR -;\. Y ...n. AT i ey, e AL .!..|' thald g..'.}. Aagdtit

SV

s T NN e q
~.( A »:...! .. '\'.L x -5’

S WY
w

LY
(e 20 L)




N Ny R N - . » - - - a WA A LT S WOAT AR N W T me - s m—
IR

LG
)
N
oy
g
{ B ABSTRACT
08 — . . .
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R Army Table of Organization and Equipment (TOE) units. A survev was developed to
'_\ gain an understanding of the TOE design environment, TOE procedures, and those de-
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:: and 39 of 150 surveys were returned. The research led to the conclusion that a simplified
resiliency sucthiodology couid obe used to estimate a unit's resiliency. This mcthodology
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INTRODUCTION

A.  PROBLEM OVERVIEW

The success of the United States Army in a major contlict in the 1980°s relies greatly
on the premise that superior technology can overcome the Eastern Block’'s tremendous
numerical advantages in both personnel and equipment.  [However, as the American
rolitical svstem moves toward a solution to the immense U.S. delicit, the defense buduet
ts comung under increased fiscal scrutiny. This fact became quite evident in fiscal vear
1988 when 33 billion dollars was cut from the defense budget.

The Defense Department’s strategy to implement f(iscal vear 1988 budget reductions
is 1o protect the pay of military personnel by delaving the procurement of major weap-
ons svstemns. Presumably, the justification for these new weapon systems was the fact
that the United States and 1its allies are vastly outnumbered. Purchase of thesc state-
ct-the-art weapon syvstems would provide our military the hardware to adequatelv meet
the threat. If the budgetary strategy of delaving new weapon svstems coutinues, our
nation’s ability to deter Soviet Pact aggression mav be dangerously diminished.

[faced with the realities of the U.S. socio-economic dilemuma of the 1980°s, optimmal
resource allocation within the Defense Department is essential.  While scientists must
continue to pursue technologrcal advances which will hopefullv result in the develop-
ment and timely funding of superior weapons systems, all branches of the mulitary must
constantly strive for self- improvement in every conceivable manner.

In addition to the strategic problems caused [rom the numerical advantages enjoyved
by our adversaries, the nature of modern warfare mandates that changes be made in our
conventonal approach to military tactics. For c,\‘;implc. i a conllict on the Awland
Pastlelicld of Western Furope in the [9R0 s, contemporary weaponry will cause wren
coros, thus requanng rapid change and movement ot military units. These facrors wiil
creatdy allect the classical approach of forward units engagme the enemyv, and then ve-
turning to the rear arca for pertods dunng which logistical support units will provide for
reconstutution i the form of “{resh” troops and new cquipment. Current Armyv doctrine
predicts that this hattleticld wall require units to operate 24 hours a dav and to antic-
mpate attacks from all directions, Addinonally, the chaos of this battictield will isolate

teany umts by disrupting logistical operations and communications svstems. [Ref. 1]
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These realities have created the need for military units to recover quickly from

combat losses. This ability is referred to as resiliency. Resiliency is defined by Golub
as “. . . the ability of a unit to continue initial operations after having sustained varying
levels of damage.” [Ref. 2: p. 35] The concept of resiliency can be further delineated as
inherent and circumstantial resiliency. Inherent resiliency refers to the resiliency which
a unit possesses duc to its organizational design. Circumstantial resiliency refers to the
total resiliency which is possessed by a table of organization and equipment (TOL) de-
sign as a result of its circumstances, i.e., due to both the inherent resiliency of the design
and the combat service support and personnel replacements which are available as a re-
sult of the doctrinal location of the unit [Ref. 3: pp. 7-9]. Unless otherwise stated the
term resiliency in this thesis refers to inherent resliency.

The resiliency of combat units will be an extremely important factor in the next war.
For example, [Ref. 4: p. I1-1] points out that

Given the likely replacement resource and time constraints in a short-warning Cen-
tral European conflict, the reorganization of attrited units to form combat capable
formations offers an obviously useful alternative approach to the large-scale re-
placement of assets.

Therefore, by designing inherently resilient Army units, the combat effectiveness of the

L.S. Army during war may be significantly increased.

B. RESEARCH OBJECTIVES

The objectives of this research are to survev the Army TOE design community to
determine the factors that influence the structural design of Army TOE combat units
with a specific focus on how the concept of resiliency fits into the overall design process.
Procedures used in the TOE design process will be described in terms of univariate sta-
tistics.  Multivariate methods will be used to deternune the relative importance of
resihiency in the overall design process, and to quantitativelv determine the relative
weights of the characteristics which oroduce resilient Army units.  After these weights
are computed, an mdexing procedure will be developed and validated. [t is hoped that
ttus procedure will assist TOE designers in measuring the resilicncy of existing and pro-
rosed Army TOL units.
C. THESIS ORGANIZATION

Chapter [ presents the purpose of the thesis, the basic themes it will emphasize, and
the research methodology. Chapter [1 discusses the results of the literature investigation

and reviews the methodologies used to perlorm resilieney analvsis in the UL S Armwv,
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Chapter III documents the development of the resiliency survey and includes data
analysis of the survey results. Chapter IV presents the methodologies used to derive
several resiliency indices, describes an application of the indices to an actual Army TOE
unit, and performs sensitivity analysis on the results. Chapter V summarizes the results
of the research and describes areas for further research and study.
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II. BACKGROUND.

-“ -~ A_

S, A. LITERATURE INVESTIGATION .
*:; An extensive literature search was initiated to obtain the published litcrature re-
iz' garding the resiliency of military organizations. Searches were conducted through both -
'l the Defense Logistics Studies Information Exchange (DLSIE) and Delense Technical
| :-f::- Information Center (DTIC) data bases. Additionally, a thorough search was conducted
:;:'5 at the Combat Developments and Experimentation Center (CDEC) library at Ford Ord,
"':;} California. It became quite apparent in the early stages of the literature search that re-

search involving resiliency concepts as related to military organizational structures is

2 .
’. =

-

very limited. In fact, the term resiliency is not listed as a key word in any of the afore-

v %
.
E

- mentioned data bases. The focus of the search was then directed to the related areas of
A . . . o .

NS combat effectiveness, unit coliesion, reorganization, combat casualties, combat stress,

Al

d degradation of combat units, readiness, and reconstitution. A brief discussion of the
.f:‘.v-: . . . iqe . . . .

g salient literature relating to the concept of resiliency is contained in the following para-
i“_.‘:,

Ly graphs
*-’. Ad
;’; 2 It has been argued that the combat effectiveness of military units is a function of the i

; § casualty percentage experienced by the unit. In her book, Casualties as a Measure of the

P v S : ;

Loss of Combat Lffectiveness of an Infantry Battalion, Dorothy K. Clark analvzed WW )
L II combat data and concluded that the data did not support measuring the combat ef-
e fectiveness of a unit by a casualty percentage. While the casualty percentage can pro-

3 vp g yp g I

’, vide information on the combat eflectiveness of a unit, the degradation of a unit's
~.

S leadership, fire support, and cominunications assets are all key fuctors in determining a

)

NN mulitary unit’s ability to continue its mission. [Ref. 5]

AV A further refinement in the evaluation of the factors that cumulatively degrade a
— military unit’s combat ellectiveness over tune can be found in Criteria for Reconstitution

- of Forces, by Llizabeth W. Etheridge and Michael R. Anderson.  This study was ac-
:i:fj-, complished to assist comnmanders of combat units to relate their specific combat ctlce-
. tiveness level to the requirement for reconstitution. The study hypothesized that combat
ST effectiveness and the reconstitution decision are judgmental determinations made by the d
Cty commander based on fus perceptions and weightings of the many [actors present on the
‘,'_‘_-:: modern battlefield. However, the research showed that the surveyved oflicers made the
_.‘:_.
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reconstitution decision almost exclusively on the status of personnel and equipment
strength levels. [Ref. 6]

In both of the aforementioned studies of combat effectiveness, human factors issucs
surfaced as a significant variable to be considered when determining a unit’s level of
combat effectiveness. .1 Swdy of Human Factors that Affect Combar Effectiveness on the
Buartletield, by Charles D. Marashian, attempted to determine to what degree various
human factors affected combdat effectiveness and the soldiers will to fight. The survey
data collected from commanders in the Viet Nam war supported the premise that certain
human factors were significantly related to combat effectiveness. The perception of the

oldier’s possibility of survival, competent leadership, and the soldier’s belief that what
he is doing is right were shown to be directly related to combat effcctiveness. A sur-
prising {inding of the study was that the survey respondents did not consider combat
experience or unit cohesion as key factors that influenced combat effectiveness. [Ref. 7]

By far the most complete document concerning the concept of reconstitution is New
Approaches to Reconstitution in High Intensity Conflict in the Modern Buattlefield, by the
BDM Corporation. The study addresses the many facets of the complex problem of
restoring combat effectiveness of degraded military units. There were two key observa-
tions made regarding combat elfectiveness. The first is that combat effectiveness indi-
cators are interactive.

The combat effectiveness of two identical battalion task forces that suffered identical
attrition may vary widely. One battalion task force may be combat elfcctive due to
exceptionally good leadership, high morale and esprit de corps. The second may be
ineftective due to the lack of one or all of these same qualities.
The second major observation was that indicators can be identified and used to deter-
mine combat effectiveness, but the ultimate assessment of the unit’s cffectiveness re-
carding its ability to perform its prescribed mission is left to the unit commander. [Ref.
4. p. 63

In summary, the literature investigation revealed that the study of those fuctors
which alow an army unit to maintan its combat elfectiveness over time (resiliency) has
been very limited. Although the literature investigation did highlight various techniques
used in attempting to quantfy the importance of certain factors i the restoration and
maintenance of a unit’s combat ctlectiveness, no clear consensus emerged as to what
makes effective or resilient combat units.  Additionally. the focus of the hiterature is on
the intluence that certain fuctors have on the combat ctfectiveness of a specified unit

under various scenario dependent conditions. The focus of this rescarch, on the other
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hand, is to determine which properties present in a TOE design can be used to estimate
its inherent resiliency. In light of these observations, this research is a venture into a

relatively new area.

B. CURRENT RESILIENCY ANALYSIS METHODOLOGIES
There are two methodologies available to measure the resiliency of army units;
Analysis of Military Organizational Effectiveness (AMORE) and Army Unit Resiliency
Analysis (AURA).
I. AMORE
The AMORE algorithm divides the personnel and equipment assets into the
smallest structures of the unit that will equally contribute to the accomplishment of the
unit mission. These units are called mission essential teams. Transferability matrices for
both equipment and personnel are developed which depict the combinations of feasible

asset substitutions and the amount of time that these substitutions require under bat-

tlefield conditions. After probabilities of degradation for personnel and materiel are de-

1@r,

termined, the AMORE model simulates unit degradation using a Monte Carlo
technique. Following the degradation, the wunit is reconstituted using a

L '.‘
“h

transportation;assignment algorithmn using the transferability matrices. The modcl then

s
AN

computes the expected value over time of the best reconstituted unit capability {or the
specified mussion and the simulated degradation. {Ref. §]
2. AURA
The AURA methodology consists of a series of complex computer prograins
which extensively cover the multifaceted aspects of the modern battlefield. These pro-
grams provide the ability to model nuclear vulnerability, conventional lethality, toxic

dissemunation, MOPP degradation, toxic nuclear dose’time responses, reliability failures,

5

Fl '1’.'..' K

repalr requirements performance, threat weapon delivery, deplovment postures and cri-

P

teria, and conventional lethality. To model these alfects, AURA contains more than
24.000 hines of FORTRAN code [Rell 3: p. 13} and [Refl 3 refid = memast].

A key aspect of the AURAN methodology 1s that it emplovs the unique feature

3

of connectivity. Connectivity is the concept that an incoming round destroys personnel
and equipment in the arca of impact. This nonlinear {cature of the model is a significant

departure from the linear methodology used in AMORE to model degradation {Ref. 2

" p. 37].
N A more detailed deseription of AMORL and AURA s given by Moore in {Ref.
‘:.; 3 p. 38
L
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C. NEED FOR NEW RESILIENCY ANALYSIS METHODOLOGIES

\ On 20 June 1983 the commander of TRADOC, Genera! William R. Richardson
o rescinded the mandatory use of AMORE to support new organizational designs. {Ref.
-~ - 9]. This action occurred primarily [or three reasons. First, the input data requirements
::;‘ to run AMORE were substantial. This fact made the policy of mandatory use of the
.j:: ) model infeasible. Sccondly, since much of the input data was subjective, sensitivity
= analysis revealed that two analysts independently studving the same unit could come up
_\__ with totally different, but reasonable, results. The third reason was that AURA had just
» f.: been developed and was thought to be particularly suitable for modeling heterogencous
; f::' units.
g While both models had their own proponents and critics, in 1984 the question of
S which methodology was superior had not been analytically addressed. Thererore, a pilot
'~ study was conducted to determine which methodology was more eflicient in terms of
level of effort required, and which methodology resulted in the most productive resuits.
:::j The study concluded that AURA is clearly superior in measuring a unit’s resiliency.
) 3,; However, perhaps the most relevant conclusion was that both methodologies require a
] tremendous amount of data input and are considered equally efficient, or inellicient,
}" depending on terms of reference.

[ Resiliency analysis in the Army is now accomplished by the use of AURA. How-
ever, since the AURA methodology requires vast amounts of input data, considerable
;; computer expertise, and the availability of large scale computers, its use is not wide-
:::_ spread. If the designers of TOE units are to incorporate resiliency into their TOE de-
-"" signs, alternate methodologies must be developed which require less effort to use. [Rel.
% 9]

._ D. BACKGROUND INTERVIEWS

\ During the period April and May 1936, Dr. Thomas P. Moore of the Departinent

' of Admunistrative Sciences at the Naval Postgraduate Schoel visited ten Army installa-
‘ “ tions to obtain an understanding of how the concept of resiliency is actually perceived
-{:: and implemented by the designers and documentors of TOLUs in the Traming and Doc-
..-” trine Command (TRADOC). Interviews were conducted with kev individuals mvolved
; in the design process.  Most of the interviews were conducted with personnel in the
:l.j: Dircctorate of Combat Development (DCD) at cach of the eight TRADOC schools.
J These DCDs are responsible {or designing new TOLEs as well as modifving existing
J TOs. Interviews at the DCDs spanned all functional levels of the TOL design process:
vl
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' ‘: designer, reviewer, and approver. However, the interviews concentrated on the TOE
| ;\_"_ designer. Interviews were also conducted with key personnel at two of the Army’s three
Py
K W

Coordinating Centers, where TOE design work done by the TRADOC schools is re-
viewed |Ref. 3: p. 2].

-~

o W
Eh:ff [t quickly became apparent in the course of the interview process that the impor-
-r": tance of resiliency to the TOE design community was extremely varied. The importance )
f e of the various characteristics thought to be key elements in making a design resilient
; were equally varied.  Characteristics such as Military Occupational Specialty (MOS)
-*‘n:j substitutability, commonality of equipment, degree of cross-training, and other charac-
js" teristics, all received varving degrees of importance from one interview to another.
"'jJ From the in-depth review of existing literature, as well as throughout the interview

.
1Y
F
0

process, it was apparent that a study had never been conducted to gain some underlving

13

oy consensus {rom the TOE design community regarding the relative importance of the
,.'_‘\": . . Ve .

various characteristics thought to be key to the resiliency of TOE units.
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III. THE RESULTS OF THE RESILIENCY SURVEY

A. THE SURVEY - AN OVERVIEW

The resiliency survey contained a total of 47 questions which covered five primary
areas of interest: demographics of the survey population; the TOE work environment;
current overall TOLE design process; resiliency and TOE design; the respondent’s use of
resiliency concepts; and computer usage of TOE designers. A copy of the complete
survev is included in appendix A.

The survey was designed to obtain the necessary information while seeking to mini-
nuze time requirements placed on survey respondents. Consistent with these goals, three
slightly different survevs were developed to enable the research team to cover all the
relevant areas of interest.

1.  Administration

The resiliency survey was mailed on July 29, 1987. Individuals who were per-
sonally interviewed the previous year by Dr. Moore were mailed surveys. Additionally,
sets of five surveys each were mailed to the appropriate managers in the Directorate of
Combat Developments at each of the TRADOC schools. These managers were re-
quested to  disseminate surveys to appropriate individuals involved in the TOL design
process. Of the 150 surveys mailed, 64 surveys were returned. This represents a 42%
return rate and is lower than was desired. Five surveys were less than 50% complete and
were not used. Fifty-nine valid surveys comprised the final data set.

2. Data Preparation

[-or the data analysis phase of the thesis, the original 47 questions contained in
the resiliency survey had to be divided into smaller elements so that each possible re-
sponse would have a unique variable in the data base. Therelore, the possible responses
to cach of the questons in the survey were numbered {rom 1-140. The data was manu-
ailv entered into a formatted SAS (Statistical Analvsts Svstems) mput file created with
four records for cach survey respondent. To minimize human crror in the data entury
pliase, templates were used on the survevs. After the data was entered, 1t was checked
for errors using the SAS PRINT PROC UNIFFORM procedure.

The data was also entered into an APL data base. To significantly reduce the
potential for data input crrors, an APL program was written to display both the current

number of the survey and question to be entered. Through this process a 140 x 59 array

f'.r .; .r*.r“?'k,\'.-ﬂ' :',.»-__.r .n".r\.a e*-‘z ”, :‘.f ' Vil
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‘s was constructed. Each column represents one survey. Verification and correction of
o entered data was accomplished using the APL function editor. To establish both the
5

SAS and APL data bases, a total of 16,520 manual entries were required.

N B. A SURVLY DEFICIENCY )
"‘ :\ As stated previously, three slightly different surveys were needed to to cover the se-

::2 lected research areas. Unlfortunately two of the three versions of the survey contained -
K repetitive typographical errors when they were mailed out. The errors were located in

s the possibic responses to questions 13 thru 38, primarily involving the pairwise com-

J"..:\ parisons of possible resiliency related characteristics of TOEs. This caused some con-

.

fusion among scveral of the survey respondents who then called to report the problems.

Within a week of mailing the original surveys, a letter explaining the problem and cor-

"I
]
- »

:: rected copies of the appropriate pages were sent to the survey recipients.

N

e C. DATA ANALYSIS PLAN

u.'_ The purpose of the data analysis plan is to insure that the objectives of the thesis

L‘: are met. [t was designed concurrently with the survey and provides a systematic method
"i for data analysis. The data analysis plan was applied to the six major areas of investi-
~. gation as follows. '

: I. Demographics, TOE Work Environment, and TOE Computer Usage )

To obtair an understanding of these variables, both graphical and non-graphical

j: procedures were used to describe means and frequencies.

,,3 2. TOE Design Procedures )
't‘ In this area of the survey, the respondents were provided with the list of design

5 criteria shown in Figure 3 on page 20, and asked to rank order them in importance from
"-» I-12, with | representing the most important. The use of the multivariate procedures

v;j ) constructing interval scales [rom ordinal data (CISIFOD), variable clustering (VC), and

principle component analysis (PCA) were planned. The CISFOD procedure was uscd

.' to create an interval scale of the design critericn so that the magnitude of thetr relative
t :.: importance to the design process could be compared. PCA and VC were used to sec if

- the set of 12 design criteria could be reduced by climinating redundancies in the original
v\ - set of variables and thus more concisely express the design criteria which appeal to TOE
. designers.

__‘ 3. Resiliency and TOE Design .
:': In this scction, survey respondents were asked to rank characteristics which are

g
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::_3' possibly related to resiliency, on a scale ranging from strongly negative to strongly pos-
-;EJ itive. The CISFOD procedure was used to obtain numerical estimates of the strength
i of the relationships between the characteristics and resiliency. Bounds and relative lo-
i‘: i cations were also found for each characteristic.
.:‘E}:: The analytic hierarchy process (AHP) was used in this section to determine the
-:_.Zr relative weights of resiliency characteristics through a pairwise comparison process. A
5 decision theory tool of this nature is very useful as it provides a procedure to
; ) quantitatively estimate relationships which groups or individuals have trouble express-
R ::; ing. [Ref. 10: p. 42]
:.t:;f 4. Use of Resiliency Concepts
( » To determine the importance of resiliency to the TOE design community, the
.. w respondents were asked to indicate the relative importance that they placed on resiliency
‘_:;.: as a design concept. There were four possible responses ranging from it is an indispen-
' X sable factor to it is not an important factor. The Fisher Exact Test was used to test the
° hypothesis that “the importance of resiliency within the TOE community is independent
ASRE of job position.” Six separate tests were required to test all possible pairs of job posi-
s

tions.

s
N a
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D. DATA ANALYSIS

In this section the results of the statistical techniques described in the data analysis

PN
>

Fe
F

e

plan are discussed. There are primarily two objectives of the analysis. First, through the
use of these procedures, it is anticipated that an overall understanding of the methodol-

-

.',‘ l' I".I;).

" et

ogy used to design TOE units will emerge. Secondly, the multivariate methods will pro-
vide a mechanism to estimate the importance of resiliency.

.
L4

1. Univariate Analysis

-
."'I' -

a. Demographics

Pl g
woele,

The job positions of the survey recipients are displayed in Figure 1 on page
12. All 13 TRADOC schools, three Coordinating Centers, TRADOC [leadquarters,

three TRAC (TRADOC Analysis Centers), and several other organizations were re-
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presented in the survey population.
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o SURVEY RESONDENTS BY JOB POSITION

( 20
)

-
(%)

NUMBER OF RESPONDENTS
=

w

0 A
DESIGNER REVIEWER APPROVER OTHER DES/REY  REV/APP

Figure 1. Number of survey respondents per job position: DLES/REV represents
Yo respondents who indicated that the were both designers and reviewers.
. Similarly, REV/APP are those who indicated they were reviewers and ;
{

approvers.

R b. TOE Work Environment

:) A major portion of the survey was designed to obtain an understanding of
sy the respondent’s work experience in the TOE design process. As depicted in Table 1 on
::': page 13, the average man-month work experience per military or civilian survey re-
; spondent 1s 76 months (6.33 vears) with a standard deviation of 66 months (5.5 ycars),
and a range [rom | month to 20 vears.

o To gain an understanding of the time required to perform various tunctions

in the design process, the survey asked respondents to indicate workload requirements

>

tor both the design and review process. Table 2 on page 13 shows a breakdown, by

$I
3

TOL unit type, of the average number of TOEs which the survey respondent’s organ-

! [
e

NNCYNINGS

o

1Zation cither designs or is responsible to maintain if the design requires modification or 9

SaNS

routine review. The majority of the TOLs involved is clearlv shown to be in the

4
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o
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scction squad, team and company sized units. 4
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Table 1. AVERAGE MAN-MONTH WORK EXPERIENCE IN TOE DESIGN

PROCESS
MEAN STD DEV MAXIMUM
Present TOE Position 39 38 240
Other TOE Positions 37 54 180
Total Experience 76 66

Table 2. NUMBER OF TOES YOUR ORGANIZATION DESIGNS OR MAIN-

TAINS
UNIT SIZE MEAN STD DEV
Section’Squad/ Team 45 52
Platoon 6.5 8.4
Company 33 45.5
Battalion 6.8 9.6
Brigade 1.5 2.3
o Division .89 2.3
2 L
"
.'t-\'

The man-hours required to both design and review new TOEs and to modify

existing TOE designs are depicted in Table 3 on page 14 and Table 4 on page 14 re-

A 3
>l

]
Pd

_f.'_\ spectively. In both charts the total semple standard deviation was computed by using
::j the fact that the variance of a sum is the sum of the variances. This computation as-
;-' sumes that the random variables are independent.

NS c.  Compurer Usage

"‘ The last three questions of the survey solicited respondents [or their per-

sonal computer hardware and software experience. There were two primary goals for

including these questions in the survey. First of all, as a result of the personal interviews

AR with individuals involved in the TOE design process, Dr. Moore concluded that

- The observed turmoil and variety in the TOL designer’s computer environment
- poses a signtficant challenge for resiliency analysis.  Great care mwust be taken to
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R\ Table 3. MANHOUR REQUIREMENTS TO PRODUCE NEW TOE
{

oy DESIGN REVIEW TOTAL .

A STD STD STD

:: UNIT MEAN DEV MEAN DEV  MEAN DEV

A
O Platoon 152 201 41 121 193 234

t

N Company 353 294 71 196 424 353

Ny Battalion 554 349 326 94 648 478
i
&

:_,;

¥

:j-: Table 4. MANHOUR REQUIREMENTS TO MODIFY EXISTING TOE
S

o DESIGN REVIEW TOTAL

g STD STD STD
- REQUIREMENT MEAN DEV  MEAN DEV MEAN DLV
j‘_f:; Major addition or a8 136 51 188 99 232
e deletion of equipment
- N
{ Major addition or 19 43 31 110 50 118
, 21 p

e deletion of personnel
i
i .

NS

N provide resiliency analysis tools which will fit into the TOE designer’s computational

' environment. [Ref. 3: p. 32]

o

¥

:j Therefore, a primary goal of these questions was to describe the aggregate software and
;':; hardware resources available to the TOE designers. A second goal was to measure the

o

: actual use of computers within the TOE design community. This information will help
' to determuine which hardware and software combinations would be most suitable for {u-
.:' ture impleiientation of new resiliency analysis methodologies developed for the TOL
:. design community.

The (irst of these three questions asked the respondent to indicate the tvpe
b of office and desktop computer systems currently available at the respondent’s work
D
} .'3 place. Table 5 on page 15 indicates that the availability of these systems is limited. The
: _2 column labeled proportion represents the proportion of N respondents which indicated
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that the system was available. Multiple answers were appropriate, if more than one

system was available to the respondent.

The respondents” actual computer experiencel is depicted in Table 6 on
page 16. These results are particularly interesting when analvzed with regard to
Table 5. For example, Table 7 on page 16 displays the conditional use of the computer

svstems provided they were available to the survey population.

Table 5. SURVEY RESPONDENTS COMPUTER SYSTEM AVAILABILITY

SYSTEM N  PROPORTION  STD DEV
IBN PC 55 0.1818 0.5474
IBM Compatible Zenith PC 55 0.4000 0.5323
Non-I1BM Compat. Zenith PC 35 0.1454 0.7049
Wyse Termunal w, Inte] CPU 55 0.5090 0.5399
WYSE PC 535 0.4363 0.6313
DEC Rainbow 100 PC 54 0.0555 0.4082
Apple Maclntosh PC 54 0.1111 0.4624
IBM-AT PC 53 0.0000 0.0000
Other 53 0.2075 0.4094

The most important observation is that the Wyse ternunals with Intel CPUs
have both the highest rate of availability (0.5090) and by far the highest probability of
conditional (0.9637) use. Wyse also had the highest rate of availability (0.4363) and the
highest probability of conditional use (0.6917) among personal computers. The data
certamnly shows that the use of IBM PCs and compatibles is limited.  urthermore, the
IBNE-AT PCrs avatlabihity rate of zero followed by a 0.0377 experience rate must be at-
tributed to experience gained outside the workplace.

The seftware experience of the survey respondents is also low. Only 4370

of the respondents have a munimum of five hours experience using M3 or PC DOS.2 In

I 1 hours was sct as the minimum level for a response. In table 5. N ndicates the number
of responses tor the respective guestion.

N -

25 hours was established as a muuimum for a response.
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i?::} Table 6. SURVEY RESPONDENTS COMPUTER EXPERIENCE
SYSTEM N PROPORTION STD DEV
-E;:E IBM PC 53 0.0943 0.2950
:;::: IBM Compatible Zenith PC 53 0.1698 0.3790
Do Non-IBM Comp. Zenith PC 53 0.0188 0.1373
g WYSE Terminal w. Intel CPU 53 0.4905 0.5046
,::;; Wyse PC 53 0.3018 0.4634
'i: DEC Rainbow 160 PC 53 0.0000 0.0000
Apple Maclntosh PC 53 0.0566 0.2332
o IBM-AT PC 53 0.0377 0.1923
' 52 Other 53 0.2075 0.4094
e
°
2% Table 7. CONDITIONAL PROBABILITY OF COMPUTER USE
5 SYSTEM PROBABILITY
- [BM PC 0.5187
o= IBM Compatible Zenth PC 0.4245
N Non-IBM Comp. Zenith PC 0.1293
:' Wyse Terminals w Intel CPU 0.9637
' :-;. WYSE PC 0.6917
w:-‘;(:;. DEC Rainbow 100 PC 0.0000
-; Apple Maclntosh PC 0.53094
° IBM-AT PC 0.0000
G- Other 10000
o
-
Y the use of quantitative software, one third of the participants indicated that they luad
:-::j- experience with LOTUS 1-2-3 and 2825 had used dBASE. BASIC was the leading pro- .
ﬂ_\ crammuing language with a usage rate of 20%. Tuable § on page (7 exhibits the entire
:'?- results of the survey respondents” software experience. .
.
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Table 8. SURVEY RESFONDENTS SOFTWARE EXPERIENCE

SOFTWARE N PROPORTION STD DEV
Word Perfect 53 0.1132 0.3198
Wordstar 53 0.1320 0.3418
Display Write 53 0.07354 0.2666
Multimate 33 0.0566 0.2332
Lotus 1-2-3 53 0.3396 0.4781
Visicale Spreadsheet 53 0.0566 0.2332
Multiplan Spreadsheet 53 0.1320 0.3418
MS DOS or PC DOS 53 0.4339 0.5003
Basic 53 0.2075 0.4094
FORTRAN 53 0.1698 0.3790
COBOL 53 0.0377 0.1923
Pascal 53 0.0188 0.1373
PLI 53 0.0000 0.0000
dBASE 53 0.2830 0.4547

d. Importance of Resiliency

In an attempt to understand TOE desieners’ individual feelings about
resiliency, survey respondents were asked to indicate tiic relative importance they placed
on resiliency. Figure 2 on page 18 displays the possible responses and associated tre-
quencics of the respondents.

To test the hypothesis that the importance which survey respondents placed
on resithiency is independent of job position, the responses were paired to produce two
categories. The first combines the “indispensable” and “somewhat importaut” responses
and the second category consists of the responses “after evervthing else” and "not im-
portant.” These categories were matched with various pairs of job positions and the
following hypothesis was tested using the nonparametric Fisher Exact test.

to: The importance of resiliency within the TOE design

community is independent of survey respondent’s

job position.
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Response Frequency
o [t is an indispensable factor 11
o Somewhat important factor 11
. Comes into play after all other 22

factors have been addressed

. Resiliency is not a factor in 6
the TOE design process

. No response 9

Figure 2. Responses of Participants to Importance of Resiliency

Ha: The importance of resiliency within the TOE design
community is not independent of job position.

While all combinations of job positions were tested, the only comparison
with statistical significance at the « = .05 level was found between designers and “all
others.” The “all other” grouping included reviewers, approvers, others, and any re-
spondent which indicated that he belonged to two categories. These results indicate that
TOE designers believe significantly less strongly than “all others” that resiliency is im-

portant.

2. DMultivariate Analysis
a. Current TOE Design Procedures

To gain insight into the current procedures used by the TOE design com-
munity, Section [II of the resiliency survey asked survey participants to rank order, from
most to least important, the TOE design criteria shown in Figure 3 on page 19. The most
important criterion received a rank of one and the least important criterion received a
rank of 12. Those criteria which the survey respondent fclt were not used, were not
ranked. The number following each criterion listed in Figure 3 on page 19 refers to the
variable number associated with that criterion in the data base. For example, Q49 refers
to the vanable "combat effectiveness of the TOE” and it is used in both tables and fig-
ures.

The CISIFOD procedure was used to obtain a scaled ranking of the design
criteria.  Criterion 12, the write-in response, was most {requently listed as the most im-

portant criterion. Upon examining the surveys, we found each such response to be




CRITERIA VARIABLE NAME
* Combat effectiveness of the TOE Q49
¢ Total cost of the equipment and personnel in the TOE Q50
¢ Resiliency of the TOE Q31
¢ Annual personnel costs for the TOE Q52
¢ Annual support (logistics, etc.) costs of the TOE Q53
* Total of all annual operating costs {or the TOE Q354
¢ Cost of procuring the equipment for the TOE Q55
¢ Whether or not the TOE is below its manpower ceiling QSs6
e (Combat survivability of the TOE Q57
« Combat supportability of the TOE Q58
:E: ¢ [low well the TOE conforins to applicable regulations Q359
i e Other Q60
.
j Figure 3. TOE Design Criteria
:::_: unique. Since the CISFOD procedure assumes that all of the responses to criterion 12
are identical, we were forced to eliminate this criterion from the data set. Only the re-
maining 11 criterion were used in the CISFOD procedure.

Shown in Table 20 on page 64 is the P, array for the current design crite-
rion. The P, array represents the proportion of responses that ranked criteria 1 over
criteria | [Rell 11: p. 12]. For example, reading across the first row to the Q30 column,

i the 0.611 represents the proportion of respondents who ranked Q49 higher than they
::; ranked Q30. The proportion of respondents who ranked QS50 higher than Q49 is 0.389.
?—j The next step in the CISI'OD procedure requires that the P, array be con-
.- verted to z scores of the standard normal distribution Consequently, Table 21 on page
" 63 aives the z value which corresponds to cach P, ecutrv. The column averages of the
~E Z.array are the scale values of the design criteria. [Refl 11: p. 7). These scale values were
o transtormed linearly onto a 1-10 scule for presentation.
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Figure 4. Interval Scale Estimation of TOE Design Criteria

As depicted in Figure 5 on page 21, the cost related criteria were considered
by the survey respondents to be the most important criteria. The CISFOD procedure
was repeated without the cost criteria and the results are shown in Figure 5 on page
22. When comparing the two scales, it is interesting to note that when cost is excluded
from the comparison, the remaining criteria keep their relative order and approximate
magnitudes with the exception of combat effectiveness. When the cost criteria are in-
cluded, resiliency and combat effectiveness are relatively close in position. However,
when costs are excluded combat effectiveness is shown to be nearly twice as important
as resiliency.

Variable clustering (VC) was next performed on the eleven TOE design cri-
teria. The goal of this procedure is to see if the design criteria could be grouped into
clusters which exhibit understandable aggregate characteristics. This was accomplished
using the SAS VARCLUS procedure and the results are shown in Table 9 on page 22.
The column labeled OWN CLUSTER gives the squared correlation of the variable with
its own cluster component. The larger the R? value in the OWN CLUSTER column the
better. All four of the clusters seem to have adequately high OWN CLUSTER values

o

. oa e m e B P R A Ny S LR LT L
-.}‘,',(_:}_'I..I.‘I\{‘-f\-v‘.;.""--l‘,_!‘ .r‘;r‘_.’_!-r.'-r i ._".s_ et rf A s T

R R A
P RO N




7

-y

X s
A B

.
H

‘?“

T v
fﬁf d
AP

M

B A

”,
‘

N
-
1 4

A Ay Y
'y
A e

VAo
[ A

Q59 Q56 Qs8 Q57 Q51 Q49

' x,

x.

}’\"‘.

2R

LS
ﬁl'

e 1 3.25 5.5 7.75 10
.'.\.‘
.:-:i
oL
73
ol
'-; Figure 3. Interval  Scale Estimation Excluding TOE  Design Cost
~ %
'}f:: Criteria: Produced by the Constructing Interval Scales from Ordinal
Fon Data Procedure using all current TOE design criteria. except cost crite-
W

ria.

[

indicating that the clusters are well defined. The NEXT HIGIHEST contains the next
closest R? of the varnable with a cluster component other than its own. The smaller the

value the better in this case. With the exception of cluster 3. all clusters have at least

one NEXT CLOSEST value which is not small and would imply that the variable with
T the high value is close to becoming a member of another group. This fuct makes for less

AP

f:* defined clustering. The | - R? RATIO is the ratio of one minus the OWN CLUSTER
. R and | - NEXT HIGHEST R* . A small rario indicates that there are weil defined
:g'f:’ disjoint clusters. Cluster 2°s | - R? values indicate that it is not well delined. The other
\% clusters have at least one variable with a I - R? value higher than desired. This agamn
5&: indicates that the clusters are not totally disjoint. [Ref. 12: p. 125]

?r; Although the results of the variable clustering technique must be interpreted
,.3: with reservations. the clusters formed do offer an interesting opportunity for interpreta-
':':E ton. Cluster 1 is composed entirely of TOE cost criteria which represent direct costs
-~
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Table 9. VARIABLE CLUSTERS

TOTAL VARIATION EXPLAINED = 7.989881
PROPORTION = 0.7264
R-SQUARED WITH
OWN NEXT 1-R*#2
VARIABLE CLUSTCR IIGHEST RATIO

CLUSTER !

Qs1 0.8202 0.1247 0.2054

Q352 0.8174 0.1705 0.2201

Q54 0.6938 0.4340 0.5934

Q55 0.7704 0.3514 0.3540
CLUSTER 2

Q49 0.0081 0.4740 0.7451

Q57 0.5204 0.2846 0.6704

Q358 0.7855 0.0467 0.2250
CLUSTER 3

Q51 0.7209 0.2065 0.3518

Q39 0.7209 0.0864 0.3055
CLUSTER 4

Q33 0.7662 0.4713 0.4422

Q56 0.7662 0.1250 0.2672

of establishing and operating the TOE. Consequently, this cluster could be called
DCOST. Cluster 2 is composed entirely of combat criteria and therefore could be called
CBT. Cluster 3 contains both resiliency and regulatory conformance. [From several
conuments written on surveys a case can be made that resiliency 1s more of a “regulated”
design criteria than those which can historically be attributed to effective combat
units3. This group could be referred to as REG. Cluster 4 is composed of the support

costs and manpower ceiling criteria.  Since manpower ceiling constraints are imposcd

3 Watten survey conunents are included in appendix B.
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as cost constraints, and support costs are those to support continued unit operations,
this category could be labeled as indirect costs and called ICOST.

The last statistical procedure used in this part of the research was principle
component analysis (PCA). PCA finds an orthogonal transformation of the original
variables to a new set of uncorrelated variables, called principle components. Each
principle component is a linear combination of the original variables, representing some
aggregate characteristic of those variables. The objective of PCA was to reduce the di-
mensionality of the set of variables to eliminate possible redundancies and thercby, more

concisely express the current TOE design criteria which appeal to the TOE design com-
munity.

Table 10. PRINCIPAL COMPONENT ANALYSIS LOADING COEFFICIENTS

EIGENVECTORS
PRINI PRIN2 PRIN3 PRING
> Q19  0.371502 0.236887 -.040908 0.391135
s Q50  0.337296 0.230244 0.288659 -.146832
5 Q51 0.277370 -.293442 0.421316 0.300746
- Q52 0.336727 0.320141 040551 -.363004
Q53 0.396899 -156822 -.155953 0.310385
Q54 0.407318 0.021830 -056744 | -.206104
Q55 0.373415 0.210357 0.256765 0.275860
Q56 0.206479 0.163484 -457519 0.239153
Q57 -.198219 0.320544 0.357054 -.394247
Q58 -090991 0.511468 0.345528 0.418169
059 0.069419 0.490121 - 431487 0.026510 |

Each principal component is a linear combination of the original variables,
with coellicients equal to the cigenvectors of the correlation or covariance matrix. PCA
procedures state that principal components are interpreted on the basis of those vari-

ables with the same sign and large magnitude [Ref. 12: p. 621]. Using the PRIN COMP
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_f:{ feature of SAS, Table 10 was generated. The first four principle components accounted
"'_':: for 62% of the total variation within the variable set. However, upon examination of
:- v the first four principal components, there appears to be no obvious interpretation, and
Y, therefore, these principal components did not prove useful.
:.J:E b. Resiliency and TOE Design
'\‘-'.: The questions in this portion of the survey asked respondents [or their
:3' opinions about relationships between resiliency and certain characteristics of a TOE de-
.“) sign. The characteristics are listed in Figure 6 on page 25. A positive characteristic is
i :g one which, when increased, leads to an increase in the resiliency of the TOLE design.
,&'.'-:: Conversely, a characteristic which is a negative influence decreases resiliency when the
"'j:'.}: characteristic increases.

] Using the “interval scale from categorical judgments” method, the raw [re-
:'E::E quency array, F,, was constructed and is shown in Table 22 on page 66. The F, array
‘ :,: is used to produce a cumulative frequency array, P, and is displayed in Table 23 on
"S’: page 67. These cumulative frequencies are then converted into a Z, (the z score corre-

o sponding to the P, value) array of normal probabilities in Table 24 on page 68.
Figure 7 on page 27 shows the relative relationship of the fifteen characteristics with
el

resiliency [Ref. 13: p. 7].

The generic size of the unit (Q86) was the dominant positive influence on

DO

resiliency as depicted in Figure 7 on page 26. Based on the - verall importance that

!
:El;:?; DCOST (direct cost) demonstrated in the analysis of current design criterion, the infer- ]
[ _'_:j ence here is that if cost constraints are relaxed (more dollars) and larger units are de-
' }‘-* signed, the inherent resiliency of the unit will be greatly increased.
.) The next three most important characteristics are all related to human fac-
".:-::: tor issues. The first, morale of the unit’'s personnel (Q85) was the only other character-
::_'_-:“‘ istic to be scaled in the verv positive category (Q85). According to [Ref. 6: p. 7.1] unit

.Y‘
.

morale was listed by Vietnam Commanders as a most important factor in the ability of

.
-

.,"\]ﬂ.‘x
Py Y

a unit to reconstitute. The next two most important characteristics, which top the posi-
e ave category, are the degree of reconstituuon traiming (Q84) and unit leadership abulities
. (Q83). All three of these characteristics are directly related to the overall condition of

o the human factors status of the unit,
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i* e Number of different MOSs Q71
1::;' ' ¢ Number of people divided by number of MOSs Q72
A
N ¢ Dcgree of task similarity between MOSs Q73
:-?‘5 : e Degree of vulnerability to personnel : Q74
») e Degree of vulnerability to equipment Q75
”'4’ ¢ Numbers of different kinds of major equipment Q76
L%
'_t: ¢ Degree of equipment substitutability Q77
;‘h -s.; ¢ Technical complexity of repairing equipment Q78
® Technical complexity of equipment operation Q7.9
:-:'_ * Time required to repair battlefield damage Q80
¥
::'. ® Mecan number of units of equipment per type Qs81
4 ", .
::_‘ ¢ Degree of personnel crosstraining Q82
!_ * Managerial skills of leaders Q383
«.’ e Degree of reconstitution training Q84
i e Unit morale Q85
S ¢ Generic size of unit Q86
¥ ‘._‘
] .\'./"
‘o Figure 6. Resiliency Characteristics
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Figure 7.  Interval Scale of Resiliency Characteristics: Produced by the Con-
structing Interval Scales from Categorical Judgments Procedure of

Resiliency Characteristics.

The fifth highest 1anking characteristic with a positive influence on
resiliency 1s the degree of crosstraining of unit personnel (Q82). This is the first char-
acteristic considered so far which the TOE designer can influcnce. Certainly crosstrain-
ing 1s greatly aflccted by the training program established by the unit's leadership, but
the TOE designer can afTect this by requiring that manpower spaces be filled with indi-
viduals who possess specificd primary military occupational specialties (MOS) and sec-
ondarv nulitary occupational specialties (SMOS). By providing the unit commander
with qualified personnel assets that can secondarnily perferm other individual's functions,
the truining ellort required to achieve a certain degree of crosstraining will be lessened
and personnel “redundancy” increased.

The next positive inlluence on resilicncy 1s the degrec of substitutability
between the various types of equipment (Q77). This implies that the survey respondents
believe that if a certain piece of equipment is destroved or malfunctions the probability

that the unit loses the abiiity to perforin a particular function is reducced if substitute
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equipment is available. For example, if a TOE designer was confronted with the prob-

lem of which type of vehicle to add to a transportation unit, vehicie A may be chosen
over vehicle B due to the commonality of engines of vehicle A and the existing vehicles
already contained in the TOE. Equipment cannibalization was noted as an important
factor in [Ref. 4: p. 67].

The last two characteristics in the positive category are the the degree of
sumilarity between the tasks involved in the MOSs in the TOE (Q73), and the mean
number of units of equipment per equipment type (Q81). The key to both of these
characteristics in relation to the concept of resiliency is that overall internal redundancy
of the unit is increased. Substitutability is enhanced by both characteristics.

Seven of the fifteen characteristics were included in the no effect category.
The degree of vulnerability to combat damage to personnel (Q74) and equipment (Q75)
were both considered as not affecting resiliency. There are possibly two reasons why
vulnerability was not considered. First of all, vulnerability is largely scenario dependent.
Secondly, resiliency refers to the ability of a unit to continue initial operations after
having sustained varying levels of damage. So to a certain extent, resiliency analysis 15
intcrested in what happens to the combat effectiveness of the unit after damage has been
done.

The only characteristic listed in the negative categorv was the technical

EI complexity of operating the equipment in the TOE (Q78). While one would expect to
ﬁs find this in the negative category, it is surprising that the time to repair battle damage
:'." (Q80) was not included for the same reason. It seems logical that the greater the com-
) plexity of equipment the longer it would take to repair it. BDM Corporation [Ref. 4:
:.'_::; p. 88| stated that repair capability enhances a combat unit’s ability to internally reor-
; sanize and continue combat operations. - Consequently 1t seems logical to conclude that
" icreasing times to repair the equipment in the unit lead to decreasing resiliency.

- Joth the variable clustering and principle component analvsis techoiques
_:: were applied to these 15 characteristics. Unfortunately, neither method produced inter-
pretable results and therefore no conclusions could be drawn from the analvses.

3 ¢. Pairwise Comparisons of Characteristics.
- In this portion of the survey respondents were asked to compare selected
- pairs of characteristics and indicate their relative influence upon resiliency. The possible
- responses were that the pair of characteristics had  equal influence, or one was shghtly

-
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more influential, quite a bit more influential, immensely more influential, or absolutely

more influential than the other.

The overall objective of this portion of the survey was to generate suflicient
pairwise comparisons to fill an 8 x 8 matrix involving 8 of the 16 potential resiliency
characteristics. This matrix contained all questions asked on the three survevs. De-
picted in Figure 8 on page 69 is the aggregated matrix and the sources for each pairwise
comparison.

Since survey 3 did not contain sufficient questions to comprise a complete
matrix of pairwise comparisons, inferences about the consistency of this matrix would
have to be made from the consistency of surveys | and 2. The mean consistency ratio
of surveyv 1 was 0.24734 with a standard deviation of 0.163505. These same statistics {or

surveyv 2 are 0.271298 and 0.2444 respectively, and are higher than the Saatyv targeted

:E consistency ratio of 0.1.4 [lowever, consistency is improved by active interaction of the
f.': participants in the problem solving process. By using the AP in the form of a survey,
‘-': this interaction is very limited. Consequently, the consistency ratios obtained using this
,’ method were expected to be higher than the 0.1 level. Furthermore, Saaty doesn’t sav
’ that data sets with consistency ratios greater than 0.1 shouldn’t be used. In fact in se-

veral places in his books on AHP, Saaty uses sets of pairwise comparisons which have
consistency ratios greater than 0.1 [Ref. 10: p. 88].

We assume that if the consistency ratio for survey 3 responses could be
measured, it would be approximately equivalent to the consistency ratios obtained In
Survevs 1 and 2. Furthermore, the aggregated 8 x 8 matrix consistency ratio is 0.0068
and is well under the 0.1 level. This indicates that the AIIP weights are derived {rom a
group of people whose order rclations on the characteristics are primarily transitive and
that the weights are an accurate estimate of the uaderlywg reuu ~cale of the compared

resiliency characteristics. [Ref. 100 p. 54|

4 The consistency ratios for surveys | and 2 were computed using the APL program in ap-
pendix I
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IV. THE RESILIENCY INDEX

In this chapter we will discuss the development of several different estimates of the

G inherent resiliency of'a TOE unit. These estimates will be referred to as unit (as in TOE
\I . g . . . . . . .
."‘-t:' unit) resiliency indices. The first section of this chapter describes the process in which

characteristics from the TOE were selected as terms for the unit resiliency index. The
second and third scctions describe how these characteristics were quantified and scaled.
The fourth section illustrates the use of a specilic unit resiliency index on a mechanized
' infantry rifle company. The final section of this chapter discusses the changes which

lead to the various versions of the unit resiliency index.

Yy A. SELECTION OF CHARACTERISTICS.
SN As depicted in figure 8 on page 69, the 8 x 8 aggregated resiliency matrix was gen-
crated from the pairwise comparisons of resiliency characteristics in all three survevs.

. . The weights obtained for each characteristic using the AP could now be used as the

L coefficients in an index used to estimate the resiliency of a TOE unit 5. The form of the
; L]
e index is as follows:

n

v R= WX (4.1)
o =

-’\- . i=1

A

Pt . ., . . . .

AR where R is the unit’s resiliency index value, X, is the quantifiable measure of character-
"y

istic 1 in the unit, and ¥, is the coellicient of .Y, as determined using the ALID.
The pairwise comparisons vielded information about the following characteristics:

® MOS Depth - The number of soldiers in the TOL divided by number of MOSs in
A the TOE.

» "
e

¢ Task Similarity - The degree of task similarity between the MOSs in the TOL.

LI

- ° Equipment Depth - The number of units of equipment in the TOL divided by the
number of distinet tvpes of equipment.

I. ".l,.
1

o * FEquipment Substitutability - The degree of substitutability between the equipment
o m the 7 )L
o .

Crosstraining - The degree of crosstraining of personnel in the TOL.

3 The APL prowam in appendix G was used o compute the AHP coeflicients for the
. resihenesy mdex,
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¢ Equipment Vulnerability - The degree of equipment vulnerability in the TOE.
* DMean MTTR - The average mean time to repair the equipment in the TOE.

¢ Reconstitution Preparation - The degree the unit has practiced and prepared for re-
constitution in a combat environment.

In order to apply this indexing procedure to an actual TOE unit, specilic quantita-
tive measures of each of the characteristics must be defined. Unfortunately, several of
these characteristics are very diflicult to quantifv. Lquipment substitutability, equip-
ment viulneraoilty, and mean MTTR fall into this category. As a consequence, these
charucteristics ultimately weren't used in the resiliency index.

The crosstraining characteristic also wasn’t used directly in the resiliency index.
Respondents to the survey indicated clearly that the crosstraining of personnel within a
TOE unit can substantially improve the resiliency of that unit. Unfortunately previous
interviews with TOE designers indicate that they believe crosstraining is strictly a train-
ing issue, one over which the TOE designer has no control. [Ref. 3: p 26]

While the unit comumander is the person ultimately responsible {or crosstraining
within a unit, the commander isn’t in the best position to determine who should be
crosstrained, and what MOSs to crosstrain. On the other hand, the TOE designer is in
a very good position to suggest which positions should be crosstrained, and the MOS
to be the subject of this crosstraining. [le has the most up-to-date knowledge of doc-
trine, tactics, equipment and organization. The TOE designer also has the time and re-
sources nceded to do carcful thinking about the combinations of knowledge achieved
thru crosstraining which will best help the unit sustain its combat eflectiveness.

The TOLE document is the obvious way for the TOL designer to communicate to the
unit commander this careful thinking about who should be crosstrained, and what MOS
thev should receive the crosstraining in, Operating on the assumption that TOE de-
stgners can do this 1if they so choose, we developed a way to represent crosstraining in
the resiliencey index. This representation occurs through the use of two other charac-
reristics: task similarity and MOS Depth.

The last characteristic in the list above was also excluded from the resiliency index.
This characteristic, reconstitution training, was considered by survey respondents to
have a positive celiect on resiliency. A quantifiable definition of the characteristic, such
as the number of tield exercises per vear in which reconstitution training took place,
could be used to measure this characteristic for an existing unit.  However, this charuc-

teristic isn't influenced directly by the TOLE designer. Suice our approach has been to
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design the resiliency index from the perspective of the TOE designer, the crosstraining
characteristic wasn't included in the resiliency index.

Since the number of pairwise comparisons that could be included in the survev was

;: limited, Figure 7 on page 26 was examined to determine if there were additional quanti-
i f-:‘.. [iable characteristics that should be included in the index. The characteristic which was
::':." described in the survey as the “degree of technical complexity to operate the equipment
\5 in the TOE” (Q79) was considered by the survey respondents as having a strong ncgative
._; impact on resiliency. This unique (eature seemed to warrant its inclusion in the index.

N"_;\ However, to include the “complexity of operating the equipment” required some mod-

ification to our weighting methodology.

Examination of Figure 7 on page 27 shows that this characteristic is svmmetric
about zero (no influence on resiliency) with respect to the positive characteristic equip-
ment depth (Q81). Therefore, we estimated the index weight for the “cornplexity of op-
erating the equipment” to be equal to the AlIP weight for equipment depth. All the
coeflicients were then normalized to obtain the final weights for the resiliency index.

Since the complexity of operating the equipment represents a negative influence on

resilicney, the quantitative measure of the characteristic was structured to reflect this

property in the structure of an additive index.

[
»

While this approach ., certainly not as accurate as having this characteristic in-

LT,
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cluded in the original pairwise comparison matrix, the normalization procedure did pre-
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serve the relative weights between the original characteristics.  We believe that the

s completeness gained in the resiliency index from the inclusion of this characteristic out-
e weighs the loss of exact AP weights. Therefore, the final characteristics and AIIP
- weights used in the resiliency index are:

'Y ¢ U = MOS Depth - the number of people in the TOL divided by number ol MOSs
' '_-;-'." in the TOLE. The corresponding AHP weight s 1H, = 0.21479935.

e, o Y, = Task Similarity - the degree of task simlarity w1 the MOSs in the TOE. The

. . . : > ttoims e ’ Y170

U corresponding AP weight is 1V, = 0.317297.

el

." * ;= Equipment Depth - the mean number of units of equipment per cquipment
o tvpe in the TOLL The corresponding AHID weight is By = 0.2531023.
3 s U, = Operating Complexity - the degree of technical complexity involved i oper-

atng the equipment i the TOL.  The corresponding AHDP weight s =

s 0.2147995.
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®
-f-: B. QUANTIFICATION OF CHARACTERISTICS
; "‘5 Estimation of each characteristic of the index required the development of a proce-
"" dure to quantify the amount of a specific characteristic in an actual TOE. These pro-
THeN cedures are described in the following sections. .
; i: 1. MOS Depth
v This characteristic was computed by dividing the total number of soldiers in the

TOE by the number of distinct MOSs in the TOE. This provides a measure of the av-

4

_ . erage soldier depth per MOS. A larger value is indicative of a more resilient unit struc-
:-' ture. The form of the computation is:

3

\,-, X = (4.2)

::;::j where:

:: n = number of people in the TOE

W m = number of MOSs in the TOE

. 2. Task Similarity

f'j The approach used to quantify this characteristic is to estimate the mean pro-
:;:J portional similarity of tasks for the possible pairings of soldiers in the TOE. For a par-
:: ticular pairing of soldiers, A and B, with diflerent MOSs, the proportion is the [raction
o of soldier B’s job which soldier A can perform if soldier A must substitute for soldier B.
_'C;: Note that a different value may be obtained for this proportion when exaining the
::';j pairing B and A, i.e., the relationship 1sn’t commutative.

-'-\ The approach used to quantify this characteristic is to estumate the mean pro-

O

portional similarity of tasks for the possible pairings in the TOE. By examining the

» -\._.:; Soldiers Manuals for each of the MOSs in the unit, both the number of total tasks per-
_.“" formed by each MOS and the number of common tasks between each pair of MOSs was
_}'_j deternmuned. We define an S, matrix as follows:

?. . m = the number of unique MOSs in the unit.

S

2. the rows are the MOSs in the unit.

1

.

3. the columns are the MOSs in the unit,

e 4. an entry in the S, matrix (m by m) is the number of common tasks of the row and
° column divided by the total tasks in the MOS corresponding to the column.
o . . . N~ -
A For example, assume that there arc three MOSs in the unit, A, B, and C which
b~
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perform 10, 15, and 20 total tasks respectively. A matrix of commnon tasks for the pos-
sible pairings of these MOSs is shown in Table 11. Then the corresponding S; matrix,

X p a.a

1s depicted in Table 12.

Table 11. COMMON TASK MATRIX

A B C
A 10 5 3
B 5 15 10
C 3 10 20

Table 12. SIJ MATRIX

A B C
A RUT B S R
10 15 20
B T T S B U)
10 15 2
c 2 1w [
10 15 20

Therclore, the quantitative measure of this characteristic, .X,, is given by:

som.m
N

1)[1)/\8‘1‘/‘) —-n
.o (=1 J=] -
= nin—1) (4.3)

where:

m = number of distinct MOSs in the TOL
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similarity by specifving secondary MOSs for crosstraining, the §, matrix was modified.
Assume that MOS A and MOS B are combined to form a primary/secondary MOS and
that A [ B represents the total number of distinct tasks performed by this combination.
Let C equal the set of tasks performed by MOS C. Then the S, matrix used in the

computation of .\, above must be expanded as in Table 13.6 This expanded §; matrix,

n = number of people in the TOE

P, = number of people with i* MOS

To provide the TOE designer with a method for estimating the change in task

now m+ 1 by m+ 1, is used to compute X, as shown in equation 4.5.

Table 3.

EXPANDED SIJ MATRIX

Tasks

A

AUB

LA
|.1U BI

| B
J 4 B

4 Bl

(4 BNC

AUB

(AU BNC

[ 4 Bl

both the total number ol tusks performed by each MOS and the number of comumon
tasks between every pair of MOSs in the TOE. During this process, data was not col-

lected on the cemuon tasks shared by more than two people. To represent crosstrain-

As previously mentioned, examination of the soldiers manuals provided data on

ing. the form of the expunded 5§ matrix requires that the common tasks ol the

6 All entries in the expanded S, matnix are less than or equal to one.
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primary/secondary combination and all other MOSs in the unit be estimated. The fol-
lowing estimate was adopted for the number of tasks common to MOS C and the com-
bination of MOS A and B. This estimate derives from the fact that equation 4.6 holds

[

for {4 U B)NCl:

max {|lANCl, |BNCl} < l(4U B)NCl < l4nct+{BNC] (d-6)
Therefore, we estimate [(4 | B) (N C| with:

(14U BYACl = max { |ANCIl, BN clz} + ldNcl+1B8NCl @7

The designation of secondary MOSs can also be viewed as contributing to the
characteristic of MOS depth. The designated sccondary specialty essentially adds a pro-
portion of another soldier to the TOE unit. Therefore, the resiliency index treats the
designation of a specialty as the equivalent of adding 1/2 of a soldier with this secondary
MOS to the unit, and as a result, this will affect the characteristic MOS Depth.

3. Equipment Depth

A simple way to compute this characteristic would be to divide the total quan-
tity of equipment in the TOE by the total number of distinct equipment types. [Towever,
this approach would treat a .45 caliber pistol as equivalent to a Cobra attack helicopter.
As this is likely to be unacceptable to TOE designers, we used firepower scores to pro-
vide a measure of the relative worth of each particular type of equipment in the unit.
Each item of equipment receives a firepower score between 1 and 10 with 10 representing
the most important equipment.

Although the firepower scoring procedure has the shortcoming of not reflecting
the nonlinear relationships which exist in weapon system mixes, it provides a simple way
to establish the relative worth of various weapon systems. [or this reason, {irepower
seores have been used in various military models, including the Army’s high resolution
Atlas model.

This characteristic takes the {ollowing form:

m—‘
N (:I°P)

Y
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where:

FP, = firepower score for the i* equipment type
n; = total number of units of equipment type i
m = number of distinct types of equipment

4. Operating Complexity
To estimate the effect that the technical complexity of equipment has on the
resiliency of a TOE, each item of equipment receives a complexity factor. Since this
characteristic has a negative impact on resiliency, the complexity factor scale was de-
signed to run from 0 to 10 with 10 representing the equipment which is simplest to op-

erate. This characteristic is expressed as:

Y (nCF)

1Y4= = (4.9)
S n

i=1
where:
CF, = complexity factor for the i equipment type
n, = total units of equipment type i

m = number of distinct types of equipment

C. SCALING THE CHARACTERISTIC VALUES

The previously described procedures for computing the X, will produce raw values
that vary signilicantly in magnitude. For cxample, the degree of task similarity (cross-
training) will always be between zero and one. MOS depth, equipment depth, and
equipment complexity will vary in size and are primarily a function of the numbers of
personnel and equipment in the unit. /A scaling transformation was sought that would
placce all characteristic values, X, between 0-1.

The scaling transformation used on the raw characteristic values .Y, is the range
method. [ts general form is:

Y —min¥

= ~ 10
Y max X —min .Y (+-10)
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:. ::-: This transformation was used on characteristics .X;, .X;, and X,, but not on X, since it is
I
g naturally scaled between 0 and 1.
! \-‘ . aqe
(‘ After the transformation of X, X;, and X, , to the 0-1 scale the form of the resiliency
3:5 index is as follows:?
™

BAC
& "

P ’ r\

N R = (Z W, },.)x 100 @.11)

l’) i==1
I -
14

:':f For display purposes, the resiliency index R was linearly transformed by multiplying by
e 100.

AL

Various TOEs were examined to provide estimates for the minimum and maximum

values for this scaling procedure. While we believe the numbers used to scale these

45l T

<.

?’_': values are representative of the range found in company sized TOE units, we did not
"‘Ej have the manpower to assess all existing TOLs to verify that the scale end points we
RN chose were the absolute maximum and minimum values across all TOEs. The values
r.\ used in the index should be updated as more information becomes available.
o I. MOS Depth |

_:‘::::_ The TOLs examined indicated that 190 was a reasonable maximum for the per-
) sonnel strength of a company sized TOE. The smallest number of MOSs for a TOE unit
b was estimated to be 8. Therefore, the maximum value initially chosen for this charac-
‘N teristic was 23.75. However, since we wished to investigate the atfects of recommending
\'f.‘ secondary MOSs in the TOE, the maximum value of X; was set at 35.625. This larger
' value results from the fact that secondary MOSs are expected to have an affect on in-

W, herent resiliency which is simular to , but not as intluential as adding soldiers to the unit.
't':: The minimum value was sct at 1. The scaling transformation is for .X| is:

i |

~ pomil (4.12)

A ' 35.625

:.' 2. Lquipment Depth

:' The TOLEs we cxamined indicated that a rcasonable value for the maximum
; value of .Yy was 30 and that the minimum was [. Therefore, the scaling transtormation
< for .X, is given by:

o

sy
Ayl

v

7 Although X, required no transformation, for simplicity of notation in will be referred to as

”
'R
r‘)
~
~
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x_:i Y, = X32; ! (.13)
R 3. Technical Complexity of Equipment

:‘S:'{ By inspection of equation 4.9, the largest and smallest possible values of this
_‘ characteristic are 10 and 0 respectively. The resulting transformation is given by: )
;? Y, = _1‘% (d.14)
R ,

y D. TEST CASE FOR THE RESILIENCY INDEX

i The Mechanized Infantry Company TOE was selected as a test TOE for application
\ of the resiliency index. A company sized unit was chosen, rather than a battalion, be-
:‘_g: cause the company is more manageable with respect to the index computations. The:
&S

Mechanized Infantry Company was chosen because it represents a military unit that has
a mix of personnel and equipment.

Displayed in Table 14 on page 39 are the personnel levels as prescribed by this TOE.

O

f Although ofticers are listed in the table they were not used in the index. Specific task
P lists exist only for enlisted soldiers. Consequently, we couldn’t quantify task similarity,
\."'_'

.X;, for the officers. J

.

.~

Not all the equipment listed in this TOE was included in the computation of the

>

j,. resiliency index. Only the company’s direct fire weapons, vehicles, and major commu- .
C nication devices shown in Table 15 on page 40 were included.

:&f Table 19 on page 42 shows the firepower scores and complexity factors used in the
: ) index. Since these values were selected in accordance with [Ref. 14], theyv are held con-
:‘.',a stant through the analysis of the unit. Furthermore, once an Army wide f{irepower score
I :j, table and complexity factor table are devcloped, these values can be fixed for Army TOE
?'.; resiliency analysis.

9, The interactive APL program in appendix G was used to compute the resiliency in-

_;j.:': dex as shown in equation 4.11. The program user has the option of designating sec-
.';" ondary specialities. The default conditon doesn’t specifv sccondary specialties.

J'_' -

o E. SENSITIVITY ANALYSIS.
:t::_'. IFor this analysis, all tables depict selected cases where parameters were modified and

;’-_'.j-: the results compared with the results obtained for the baseline case. Lach case shown
15 independent of the other cases and the description in the case column in each table
S
ol 38
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:'Ll Table 14. TOTAL PERSONNEL IN THE MECHANIZED INFANTRY (M113)
! RIFLE COMPANY TOE
A :
N
R GRADE MOS QUANTITY
b CPT 11000 1
'.‘.
) LT 11000 4
_\'},Q E-8 11BSM |
oI E-7 1140 3
oY E-6 11B30 9
. E-6 11H30 1
( E-6 31V30 l
NN E-6 76Y30 l
.5 x
AN E-5 11B20 19
e E-5 11120 I
e E-5 S4E20 1
o E-3 76Y20 1
aiLS
00 E-4 11B10 41
N
o E-4 11H10 4
{ E-3 [1B10 13
j:‘_-:_‘- E-3 ITH10 2
" E-3 LIM10 9
o TOTAL 12
{ o indicates the only modification made to the baseline case for each modified case. The
‘ :E baseline case refers to the Mechanized Infantry Company (M 113) TOE.
o . MOS Depth.
T In Table 16 on page 40, the column labeled Y, depicts the values of the MOS
:E?_: depth characteristic for the various cases considered in the sensitivity analysis. In all
(v cases, the denominator (total number of MOSs in the unit) is held constant. [t can be
°® scen that an incrcase or decrease of 15 soldiers will cause Y, to vary 27% and (16.3%)
'.‘S-f: ' respectively {rom the baseline. This indicates that modifications of 1| of equal magni-
*‘
;,,.: tude and in the opposite dircctions will have asymmetric results.  This is due to the
E: mathematical propertics of ratios.
...
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Table 15. MAJOR EQUIPMENT OF THE MECHANIZED INFANTRY (M113)
RIFLE COMPANY TOE

MAJOR EQUIPMENT QUANTITY
Dragon Anti-Armor Weapons 9

M i13 Personnel Carrier w, 30 Cal 14 )
TOW Anti-Tank Weapon, Vehicle

Grenade Launchers 22
Grenade Launchers Smode M259 14

M60 Machine Gun 5

Rifle M16A1 107

45 Caliber Pistol 20
Radio Set AN/GRC-130 14
Radio Set AN/PRC-77 17
Radio Set AN/VRC-45 13
Truck Cargo 2-1.2 Ton 2
Truck Culity 1/4 Ton 2
TOTAL 243

Table 16. SENSITIVITY ANALYSIS OF MOS DEPTH AND TASK SIMILAR-

ITY
RI

CASE ¥ Y, RI % CHANGE
BASELINE 20439 74675 57.09 -
ADD 5 11B20 2155 75589 57.499 7104
DELETE 5 11320 19328 74523 56.084 (.7110)
ADD 5 31V30 2155 6860S 55.283 (3.163)
ADD 15 [1B10 25993 77488 59.056 3,443
DELETE 15 11B10 17106 72105 55.439 (2.891)
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Table 17. MOS DEPTH AND TASK SIMILARITY-MODIFIED COMMON

TASK MATRIX

CASE e Y, RI % CHANGE
BASELINE (modified)  .20439 7777 57.95 .

ADD 5 11B20 2155 78188 58.324 645
DELETE 5 11B20 19328 77375 57.589 (.6229)
ADD 5 3130 2155 71209 56.109 (3.176)
ADD 15 11BI0 25993 79928 59.83 3.24
DELETE 15 11B10 17106 ISITL 56412 (2.654)

2. Task Similarity

Here we were primarily interested in measuring the effects of changes in the
common task matrix on the value of the task similarity characteristic. By increasing the
number of common tasks between pairs of MOSs by 20% and hclding the total number
of tasks performed by each MOS constant, a modified S, matrix was computed. Table
16 and Table 17 on page 41 show the results obtained with the baseline common task
matrix and the modified common task matrix respectively. The average values of Y, for
the moditied S; matrix were 3.75% higher than corresponding values in the baseline.
Since values of Y, were held constant, changes in the resiliency index can be attributed
to the modifications to the common task matrix. The average resiliency index increased
1.313% and indicates that the TOE designer can increase resiliency by structuring units
with a greater proportion of common tasks between MOSs.

Table 18 on page 42 shows 7 cases of primary and secondary MOS designations
and the baseline case where no secondary specialties are Jdesignated. The cases all depict
situations in which secondary specialties were assigned to onc or to all of the 11B20
posttions in the unit.

The sensitivity analysis reveals that Y, is very sensitive with respect to the
number of common tasks shared between the designated secondary and the other MOSs
in the unit. For example, the d:signation of 31V30 as a secondary specialty for the
11B20s results in a 7% decrease in Y, from the baseline. The 31V30 has 113 total tasks
and verv few of which are common to the other MOSs in the unit. This results in low
values being placed in the expanded Sij matrix.
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The greatest increase in Y, is seen in the case of designating 11M10 as the sec-
ondary specialty for the 19 11B20’s. This increase occurs for two reasons. First, the
11M10 performs a total of 82 tasks. Of these 82 tasks, many are common tasks shared
with another MOS. The 11B20 performs a total of 80 tasks and has a very high degree
of task similarity with many of the MOSs in the unit. Therefore, when this
primary, 'secondary combination is created, it places large entries in the expanded S, 4

matrix resulting in an increase in Y,.

Table 18. SECONDARY MOS DESIGNATIONS

NUMBER RI
CASE DESIGNATED Y. Y RI % CHANGE
BASELINE . 20439 74675 57.09 -
11B20, 11H20 1 2055 .74675  57.098 014
11B20/11H20 19 22549 74993 57.525 7619
11B20/31V30 1 2055 74657 56.989 (.1769)
11B20/31V30 19 22549 69399 55.75 (2.347)
11B20/11M10 1 2055 75016 57.103 02277
[1B20/11M 10 19 22549 75453 57.671 1.017 :

Table 19. EQUIPMENT DEPTH AND OPERATING COMPLEXITY

Rl
CASE FP CF g A RI % CHANGE
BASELINE - - 50734 74675 57.093 0
ADD 5 DRAGONS 6 3 53987 75341 58.094 1.753
DEL. 3 DRAGONS 0 5 ~7322 L7381 56.085 (1.753)
ADD 3 M16's 2 8 51832 76407 57.734 1.122
ADD 3 TRUCKS 1 8 51293 76623 57.644 963
DEL. 9 DRAGONS 6 5 44933 73117 55.282 (3.17)
a7
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3. Equipment Depth and Operating Complexity

N Table 19 depicts the various cases testing the sensitivity of equipment depth and
o equipment complexity. The resiliency index (RI) is a function of changes to both MOS
} ) depth and equipment complexity and independent analysis of the affect of each charac-
! ",E: teristic by itself is not possible.
‘3;: When the number items of equipment added to the baseline is held constant,
-" as was done with the cases of adding dragons, M16’s, and trucks , the equipment depth,
“‘_ Yy, value varies directly in proportion to the firepower score of the equipment which was
' -r:j added.
"':: Similarly, 1t can be seen that the largest increase in the equipment complexity
ot Y,, 1s from the less complex systems.8 Adding five more 2 1,2ton trucks almost doubles

. . the increase of adding the same number of dragons.
SN
:Z‘;:: F. RESILIENCY INDEX ALTERNATIVES

During the characteristic selection process, the driving lorce in determining which
'.‘~ characteristics would be included in the resiliency index was the ability to quantify the
-:: characteristic in an actual TOE. Two of the characteristics which were excluded as a
NN result of problems with quantification were the degree of equipment substitutability and
'.‘_::'.:' the complexity of repairing equipment. Possible methods for quantifying these charac-
P teristics arc discussed below.

.o i. Degree of Equipment Substitutability
-:' TOE designers could be admiuvistered a survey regarding the degree of equip-
:::::; ment substitutability between various pairs of equipment in the TOE. They would be
"!‘-v“' asked to indicate the degree of equipment substituability of specific pairings on a scale
| _) ranging from completely substitutable to not substitutable.

x"\ Another approach is to document the subfunctions of each item of equipment
:"E and compare them in a common function matrix. This is similar to the method used in
o quantifving the Jdegree of task similarity and the degree of crosstraining.

'?~ 2. Degree of Complexity to Repair Equipment

:j:,'::: TOL designers could be surveved for opimions concerning a second possible in-
"- dicator of maintenance complexity. Tt might be obtained by examining the length ol the
S TRADOC programs of instruction for the various types of mechanics.

e

o

o

:}‘ A R:mcm‘ngr that equipment will‘xlless complex operating procedures achieves higher values

s ot ¥yoand thus hicher values of the resiliency index.
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{ V. CONCLUSIONS AND RECOMMENDATIONS
e ’
b The purpose of this thesis was to propose a computational procedure for estimating
Tl
-C';-.j the mherent resiliency of an Army TOE design. The resiliency index which was devel-
o oped has two important characteristics:
] . - - .
v 1. It can be computed from data in the TOE and a few other sources which are casy
to obtain, so that the computations require relatively few manhours to do.
8 2. The input data is primarily non-judgemental. This is intended to improve the
‘ reproducibility of resiliency index values when the computations are performed by
different analysts, and to possibly allow the index to be used to compare the in-
E herent resiliency of various diverse types of TOE units.
-
P . . e . . .
., "n To develop this method for measuring TOE resiliency, the following major steps
e
Y% .
K0 were accomplishea.
g ‘ . . . :
> * A surveyv was used to gain an understanding of how TOE units are designed and
® what characteristics in such a design affect the inherent resilicncy of the unit.
¢ LUsing multivariate statistical methods, estimates of the underlving ratio scale be-
tween resiliency characteristics were obtained and used as coetlicients in an additive
resihency index.
¢ Procedures were developed to quantify the resiliency characteristics present in ac- -
tual TOE units.
o
" * An interactive APL computer program was written to perform the resiliency index
- computations for a variety of TOE designs and circumstances.
<o . . : . : . .
Y ¢ The resilicncy index was applied to the Mechanized Infantry (M113) Rifle Com-
pany to demonstrate the validity of the index.
N o - . . . . . . . " . .
N The resiliency index is a relatively simple, “quick and dirty” method for estimating
¥ "' . g . - . . . . . . .
,.,‘:"-' the inherent resiliency of a TOL unit. Comparatively speaking, it requires a minimum
f' of manpower effort and provides a means for TOE designers to obtain feedback during
. tiie design process. Using this indexing procedure as a screening technique, TOIL designs
."\j; with inhierent resiliency problems can he identified for {urther analvsis with A TR
ey
G There are several arcas of further research that can result in improvenents in the
»™ '-"_ . .
oy resuiency index:
o
° ¢ An important validation of this or similar resiliency indices should be done as the
nexr step in this research. One wav to do this is to chose §-12 existing company
N sized TOLs and obtain pairwise comparisons of them with respect to their inherent
resthency. The anadvtic hierarchy process could then be applicd to these pairwise
comparisons to obtain numerical ratings for the perceived inherent resilicney ol
SN vach of these units. These ratings would be compared with the corresponding
| J
b
o 44
oy
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resiliency index values. [t is hoped that the values would be similar, thus demon-
strating the validity of the resiliency index computation.

¢ The resiliency index did not include the officer positions in the TOE because task
lists weren’'t available for these positions. Thus we were unable to quantify task
similarity for officers. Further work should be done to estimate the task sinularity
between oflicer positions and other MOSs in a TOE design. Examination of the
programs of instruction used in the basic and advanced officer courses at the vari-
ous TRADOC schools might vield the data necessary to accomplish this task.

¢ The resiliency index developed in this thesis is independent of scenario and provides
a simple measure of the inherent resiliency of the unit. There are several modifi-

N cations which could be used to include specific scenarios, and thereby estimate the
jx circumstantial resiliency of the unit.  For example. if the Mechanized Infantry
AN Company was to be deployed in Western Europe in a Jefensive posture against a
o soviet tank regiment, then firepower scores could be replaced by weapon svstem
v cquivalence scores (WSES), which incorporate scenario dependent probabilities of
kill into Lanchester homogeneous and nonhomogeneous equations.

e ¢ In a scenario dependent index, the resiliency of the unit subject to logistical con-
e straints could be estimated. For example, an ammunition resupply rate (rounds

required per day days between logistical support), and a petroleum resupply rate
(gallons of petrcleum required per day,days between logistical support) could be
used to obtain a measure of a unit’s circumstantial resiliency.
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Lo * The §, matrices used to compute the degree of task similarity and the impact of
e adding secondary MOSs treat all tasks as the same in terms of their relative im-
:{- portance. Weights could be placed on those tasks which are the most critical.
,,.‘_:: Additionally, an integer optimization could be accomplished by maximuzing the

task depth, subject to minimum constraint levels on certain critical tasks. Second-
. ary MOSs could be inctuded and an opumal {orce structure of primary and sec-
: ondary MOSs determined.

'I

* A cost module can be included in the index to provide estimates of the cost of
various alternative TOE designs. This enhancement would provide designers with
a means of determining optimal designs with respect to cost constraints.
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APPENDIX A. THE RESILIENCY SURVEY

DEPARTMENT OF THE NAVY
NAVAL POSTGRADUATE SCHOOL
MONTEREY. CA 939433100 IN REPLY REFER TO-

Department of Administrative Sciences NC4(54Mr)
29 July 1987

SUBJECT: Survey of TOE Designers
@ADDR1

ATTN: @ADDR2 (@PREFIX @LAST)
QCITY, @STATE @ZIP

Dear @PREFIX @QLAST:

A3 you may know, our Department is doing research for the TRADOC
Analysis Command on the use of resiliency in the design process

for Tables of Organization and Equipment (TOEs). Resiliency has
been defined as the ability of a military unit to perform its
mission over time, including times following hostile attack.

Although resiliency is difficult to measure, it is an important
concept for TOE design. So we must find better ways to use this
concept in the TOE design process. We hope the enclosed survey
will allow you to help us create better ways to estimate the
amount of resiliency in a TOE design.

We have found that resiliency is secondary to combat effectiveness
and cost considerations in the TOE design process. This is partly
due to the difficulty of measuring and defining resiliency. We

are assuming that you use regiliency (in some way) when you
design a TOE, even if you don’t have a formal policy about it. The
survey is designed to discover how you think about and use .

regdiliency when you design, review, or approve a TOE.

This information will be used for research purposes only. Your
responses will be held in the strictest confidence. They won't be
attributed to you or vour organirzation unlegss you give us written
permisstion. Our research gaponsor will not see your gurvey. Only
the thesis student working on the project and [ will. Please give
us responses which reflect the way you actually do business.

Tonur completed aurvey will definitely have an impact on the

analyaia and will bae greatly appreciated. It should be mailed to

s no later  than 30  \ugust in the enclosed, pre-addressed

cavelape, [f vou would Like 2 copv of the tinal research results,
- ploase enclaage a selt-addressed, 9v12 envelope with your completed
- Aurvey, This report should be avaiiable sometime next tall.

Sincerely vours,

\:ZN, }.LL”HLLLJ ’p )“(’Uﬂ(

THOMAS P. MOORE
Asst. Professor of Mgh. Science,
Principal [nvestigator
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DEPARTMENT OF THE NAVY
NAVAL POSTGRADUATR SCHOOL
Department of Administrative Sciences, Code 54Mr
Monterey, California 93943-5008

July 29, 1987
SURVEY (Group II)

Subject: Resiliency Analysis in the TOE Design Process

Section I: Introduction

The purpose of this survey is to obtain data about the way
Army TOEs are actually designed, reviewed and approved, and how
the concept of resiliency may affect this process.

.l
A Y

The work of a TOE designer may include the design of new TOEs,
modification of existing TOEs, or the review or approval of design
proposals. The term "TOE design” refers to procesges which may
include: specifying the MOSs of personnel in the TOE; specifying
the number of soldiers with a given MOS to be assigned to the
unit; specifying the amount and type (LIN) of equipment, supplies,
parts, ammunition, tools, and test equipment in the TOE. The TOE
design process also includes the modification of an existing TOE
to accommodate the addition of improved equipment or changes in
the number and training of personnel specified in the TOE.

¥

rl
P
L A )

ol )

For this survey, one "TOE modification” is defined to be the
collection of all changes a TOE designer makes to a TOE in a
single work effort (such an effort may be as short as a few days
or as long as several months) and which is in response to:

a. The availability of a new item of equipment, i.e. a new
pistol, a new truck, a new test set, or a new howWitzer.

b. The creation, deletion or modification of an MOS.

c. \ rchange in the mission or in the anticipated employment
of the unit.

Pogilionecy is detfined by Dr. Terrence Klopciac of the U.3. Army
eyl Lrst e Hogeareh Lab as "the ability ot n military unit to
perterm itas misaton over time, inciuding times tollowine hostile

D) At taclk, The term “"recanstitute” is often used in conj)unction

‘ wtth fhe coneant s e laenev, "Ta reconstitute” reters to thosge
}? et oane taben by o mitptaery anit (apon completion of pta oarrent

A Mistqrony Yo reparr damage, reassidn dutees, amnd prepace tor tts

.

nevt miasion,

.I“.\

»

<. [t vou're uncertaln ahout the meaning of anv questinon, pleage
tﬂ call Praf. Tom Moore at autovon 878-C5:2/2171 or commerecinl { 10R)
~ hd6-2642/2171 between 1000 and 1700 PST tor an explanation. 1 e
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o you need to clarify or qualify any of your responses, please do so
on a separate sheet of paper, or on the survey, if there is space.

) Section II: Demographic Information

lj 1. Your name -

i".l 2. Your autovon telephone number -

b N 3. Your mailing address =
(Please include your

A.'::ll office symbol.)

" ]
-

S Please indicate the category which best describes your present
:; S role in the TOE design process:
LS
! "__»: Determining the number and types of equipment, and
: :.-. number and types of soldiers to put in a TOUE. Tnis also
14N includes these determinations when modifying existing
® TOEs.
"_-.':' Reviewing and evaluating the designs proposed by a TOE
o designer.
S
e Approving the designs proposed by a TOE designer.
S Other: (please describe) 1
! {
A N
o
"‘:_,.: 5. Number of months you have been performing this role - 4
G .
5 6. If you have also worked in any other categorvy in Question 4,
{)c please indicate the number of months experience you have:
o,
"
9 Numher of
Months
'<'~-.
E x':\ Determining the number and types of equipmcat, and
LSS number and tvpes of soldiers to put in a TOE. This also
AR includeas the making of these determinations when
S modifying existing TOEs.
4 .\ -..
a' ” Revieving and evalunting the desidgns proposed by a TOE
o Hesigner,
:J'.o
K -‘;- Approving the designs proposed by a [OE designer.
J
1S
::r\.' Other: (please describe)
1S
o
.., . Encl 2
. “
AT :
I~ -
S 43
-
'\-:. N
e
L

|
s

ENENES
-,\._s'x.

»
B

= st
"&
NI

N, AL
PY N !I.'(.'(n_ A_(n_‘ o ':J\a”ﬁ‘ ‘-JA\.L;&L.‘I.;ALL.LML.‘.‘LJ

l
o



\arabhhadde

A ek
et ® (2

~
L} \.\‘

XX

>
‘1

by

L] n“l).‘

Lal
v

B
.
)S}\'_A Tetatels

A IR .
AT AL ALY l_‘-.
FLI P

7. How many of each of the following types of TOEs is your
organization presently responsible for designing and
maintaining?

Section/Squad
Platoon

Company

Battalion ___

Brigade

Divisgion

8. How many new TOE designs did you work on between July 1!, 1986

and July 1, 1987? How many new designs did your organization
work on during the same period? What is your estimate of the
yearly average number of new TOE designs done by your
organization over the last 3 calendar years?

Organization’s

Estimated
You Your Organization Yearly Average
Section/Squad
Platoon
Company
Battalion
Brigade
Division -
Encl 2
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9. How many TOE modifications did you work on between July 1, 1986
and July 1, 19877 How many modifications did your organization
work on during the same period? What is your estimate of the
yearly average number of TOE modifications done by your -
organization over the last 3 calendar years?
Organization’s
Estimated

You Your Organization Yearly Average

Section/Squad

Platoon
Company
Battalion
Brigade

Division

T Section III: Your Current TOE Design Procedures
:' 10. When designing or modifying a TOE, you use several criteria to
N Jjudge the design. Examine the criteria described below, and
E- ™ mark the ones you use. Indicate the most important criteria
o with a "1", the second most important with a 2", ete. If two

criteria are nearly the same in importance, rank one above the R
other, but write us a note indicating that you feel they are

close. Leave blank those criteria which you don’'t use.

Combat effectiveness of the TOE.

Total cost of the equipment and personnel in the TOE.

Resiliency of the TOE. {See definition in Section I.)

Annual personnel costs for the TOE.

"
jc Annual support (logistics, etc.) costs for the TOE.
:t‘ Total of all annual operating costs for the TOE.

]
L]

‘s . toat of procuring the equipment tor the TOR.

L .

Voo wherher or nor the TOE is below its manpower ceiling.
o
-y Combat survivability of the TOE,

ol
r:; Combat asupportability of the TOE.

b B
Y
Cus How well the TOE conforms to applicable Regulations.

urtnerc: {(please describe)

-
»

~u




11, If you primarily design or modify TOE's, please estimate the
average number of man-hours it takes for your organization to
do each of the following activities:

v

e

[4
A

5

Design the TOE ftor a new platoon.

_'..
)
oeeesy

A

Design the TOE for a new company.

2L )

Design the TOE for a new battalion.

Modify a TOE to add or delete a major item of equipment.

S
AN
"‘:,\‘ Modify a TOE to add or delete personnel.
o
e 12, If you primarily review the TOE's designed by others, please

estimate the average number of man-hours it takes for your
organization to do each of the following activities:

P

\ i
W
q-:.r Review the TOE design for a new platoon.
Y ~
iy
'_\,:: Review the TOE design for a new company.

}l

Review the TOE design for a new battalion.

%
|

et Review the modification of a TOE to add a major item of
».'\v'-_;'_ equipment.
)
"‘..-: _____ Review the modification of a TOE to add or delete
:".". personnel.
o,
»

LA

Section IV: Resiliency and TOE Design

”.40."~

The questions in this section ask for your opinion about

»
o
{:/ relationships between resiliency and certain characteristics of a
J',_J’, TOE design. For each characteristic please indicate whether you
oAt believe its influence on resiliency is strongly positive, weakly
".‘-,’ positive, strongly negative, weakly negative, or no influence.
":'.'; A positive influence is a characteristic which, when
')] increased, leads to an increase in the resiliency of the TOE
e design. On the cther hand, a characterisgtic which is a negative
s influence decreases resiliency when the characteristic increases.
~
L4
1
o 13. tharacteristic: Number of different MOSs in the TOE.
*.
- "
AN
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) 14. Characteristic: An average of the numbers of soldiers
*"‘\'.‘( assigned to each MOS in the TOE, i.e. the number of people
i‘&i in the TOE divided by the number of MOSs in the TOE.
N
T
a0
-:"5- )
.-". strongly weakly no weaxly stromgly
|D positive  positive  influsnce negative  neqative
% 15. Characteristic: The degree of similarity between the tasks
X involved in the MOSs in the TOE.
1 ‘\
“ ‘)
N
o strongly  weakly o weakly  strongly
( . positive  posttive  influence negative  negative
:\' 16. Characteristic: The degree of vulnerability to combat
s damage and destruction possessed by the personnel in the
g‘ s TOE.
Ny
)
)
AR
strongiy weakly 0 weakly strengly
d . positive  posttive  influence negative  neqatlve
U
.
\"._-’ 17. Characteristic: The degree of vulnerability to combat
41.‘: damage and destruction possessed by the equipment in the
" TOE.
o
i

)
=
B

.-

strengly neakly L] weakly strongly
L "y positive  posttive  influence neqative  negative
&
,r:.U 18. Characterigtic: The number of different kinds of major ‘
§ W equipment (major end items) in the TOE.
L]
WiAS
Y

5O

strengly weakly 0 wazkly strenaly

oy positive  rositive  nfluence  neaalive  nedative

A~ )‘

:.‘-_.' 19. Characteristic: The degree of substitutability (the
_-?_-( ability to do the job of a different type of equipment)
S, hetween the various types of equipment in the TOE.
‘L

" .

[

™ . ;':rﬂ« a2ty " WAl by stramaty
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20.

21.

22.

23.

24.

2§,

Characteristic: The technical complexity of maintaining
and repairing the equipment in the TOE.

strongly
neqative

weakly n weaxly
positive  inflyence negative

strongly
positive

Characteristic: The technical complexity of operating the
equipment in the TOE.

weakly
negatlva

strongly
negative

welkly no
positive  1nfluence

sirongly
positive

it takes to repair
the equipment in the

Characteristic: The amount of time
battle and usage related damage to
TOE.

strorqly
neqative

weakly ne weaxly
positive  Influence negatlve

strongly
positive

Characteristic: The average of the quantities of each type
of major equipment in the TOE, i.e. the mean number of
units of equipment per equipment type.

weakly
neqative

strenaty
neqative

waakly no
positive  influence

strongly
positive

Characteristic: The degree of crosstraining (in the other
MOSs in the TOE) possessed by the personnel in the TOE.

strenaly
neqative

weakly
neqative

weaely "0
posttive  influence

stronaty
positive

Characteristic: The skills and abilities of the personnel

who will manage and/or command the unit.
stranaly 83X o~y agaxly ctremiy
pesitive zuiine  nflugnce  neeatlve  neqatlve
Enel 2
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26. Characteristic: The degree to which the unit plans and
trains for reconstitution after a battle.

strongly wearly no weakly strongly
positive  positive  influence egative  negative

27. Characteristic: The morale of the unit’s personnel, and/or
their willingness to fight, immediately after the battle
haa ended.

strongly weakly no weakly strongly
positive  positive  influence negative  aegative

28. Characteristic: The generic size of the unit, i.e., squad,
platoon, company/battery/troop, battalion/squadron,
brigade/regiment, or division. What effect does
increasing size have on resiliency?

stronaly weakly —Nr_ weakly stremaly
positive  posttive  nfluence negative  negative

The next set of questions asks you to compare selected pairs
of characteristics and indicate their relative influence upon
resiliency. The characteristics are referred to by their original
question number (from questions 13 - 28 above,. FOR YOUR
CONVENTENCE, all of the descriptions of the characteristics have
been collected on a single page attached to the back of the
survey. Please read, again, the description of each characteristic
in ‘%e pair before answering each question below. (Each question
hns two parts. Circle the appropriate responge({s}. If you circle
response 1) in part a., you may skip part b. of that question.)

29. Characteristic 17 and 22:
n. Which characteristic has more influence on resiliency”

1) They have equal influence on resiliency.
2) 17,
3y 22,
h. How much mare intluential is the characteristic vou
cireled above than the other?

1) 3tightly more 1nfluential.

2) Quite a hit more influential.
3) Immensely more intluential.
1) Absolutely more intluential.

Encl 2




30. Characteristic 17 and 23:
a. Which characteristic has more influence on resiliency?

1) They have equal inftluence on resiliency.
2) 17.
3) 23.

b. How much more influential is the characteristic you
circled above than the other?

1) Slightly more influential.

2) Quite a bit more influential.
3) Immensely more influential.
4) Absolutely more influential.

31. Characteristic 17 and 24:
a. Which characteristic has more influence on resiliency?
11 T&ey have equal influence on resgsiliency.
3 24

b. How much more influential is the characteristic you
circled above than the other?

1) Slightly more influential.

2} Quite a bit more influential.
3) Immensely more influential.
1) Absolutely more influential.

32. Characterigtic 17 and 26:
a. Which characteristic has more influence on resiliency?
1) They have equal influence on resiliency.
2) 17.
3y 26.

b. How much more influential is the characteristic you
circled above than the other?

Ees

) oy . R

ﬂ;ﬁ 1) Slightly more influentinl.

-l‘:- 2) Ymite A bhit more influential.
ﬂ:( 3 3) Immensely more intluential.

{} 1) \bsolubtely more intluential.

- ..

® T3, Chararteristice 22 and 23

l'.] .
L\: 1. Which characteristic has more influence on resiliency?

My, -

Doy

w0 1) They have equal intluence on resiliency.

- an

oV 2) c2.

A3

=y 3) 23.

LN

"
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b. How much more influential is the characteristic you
circled above than the other? -

1) Slightly more influential.

2) Quite a bit more influential.

3) Immensely more influential. .
4) Absolutely more influential.

34. Characteristic 22 and 24:
a. Which characteristic has more influence on resiliency?
1) They have equal influence on resiliency.
2) 22.
3) 24.

E. How much more influential is the characteristic you
circled above than the other?

1) Slightly more influential.

2) Quite a bit more influential.
3) Immensely more influential.
4) Absolutely more influential.

35. Characteristic 22 and 26:
a, Which characteristic has more influence on resiliency?
1) They have equal influence on regiliency.
2) 22.
3) 26.

b. How much more influential is the characteristic you
circled above than the other?

1) Slightly more influential. .
2) Quite a bit more influential.

3) Immensely more influential.

1) Absolutely more influential.

36. Characteristic 23 and 24:

p n, Which characteristic has more ini.' =nce on resiliency?
J
n A c
\f 1} Thev have ecqual influence on resiliency.
o oy oy
ﬁ".* _ .t.- .
Sy 3y 21,
™
i v . . .
P He (b nueh morse intluentinl is the charncteristic you
Y ciereled above than the other”
-

1y 3tightly more influential.

2) Quite a hit more influential,
3) Immensely more influential.
I} \bsolutely more influential.

Encli 2
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37. Characteristic 23 and 26:

a. Which characteristic has more influence on resiliency?

1} They have equal influence on resiliency.
2) 23.
3) 26.

b. How much more influential is the characteristic you
circled above than the other?

1) Slightly more influential.

2) Quite a bit more influential.
3) Immensely more influential.
4) Absolutely more influential.

38. Characteristic 24 and 26:
a. Which characteristic has more influence on resiliency?
1) They have equal influence on resiliency.
2) 24.
26.

b. How much more 1influential is the characteristic you
2 circled above than the other?

e 1) Slightly more influential.

T 2) Quite a bit more influential.
T 3) Immensely more intluential,
S 1) Absolutely more influential.

The next set nf questions deals in a more feneral way with
resiliency and the TOER design process. Please angwer these
quesations in accordance with your personal experience.

AL

o
‘) 39. Which of the following statements most accurately
L describes ycur use of the concept of resiliency as it

applies to the TOE design process {(circle one):

Oh

a. Resiliency is an indispensable factor in the TOE
design process.

b. Resiliency i1s a somewhat important factor in the TOE
deaign process.

<. Resiliency comes into play in the TOE design process I

after all nther major measures of design pertormance i

have heen adequatelv addressed. |

Resiiienes i1 nat a factoar in the TOE design process.
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40.

41.

Have you ever used a quantitative tool, process, procedure
or software for resiliency analysis? (These might include
such things as AMORE or AURA. You might have used these
tools to measure or forecast the resiliency of a new or
exigsting TOE.) (Circle one.)

a. Yes.
b. No.
c. Not certain.

If you answered "Yes” to question 23, please describe, on
the back of this page, the tool, procedure, process or
software you used and how often you have used it. Please
indicate the difficulty or ease of use you experienced,
and the success or failure of the effort.

The last three questions ask about the personal computer
hardware you use, and the computer software you are familiar with.
This information is necessary to help us determine the best type
of computer for which to write resiliency software.

12.

43.

Circle the type(s) of personal, office and desktop
computer systems available to you at your office:

IBM personal computer.

IBM compatible Zenith PC (Z-150, Z-148, etc.).
Non-IBM compatible Zenith PC (Z-~100, Z-11C, Z-12v).
Wyse terminals and Intel central processing unit.
Wyse personal computer.

DEC Rainbow 100 personal computer (A, B or + models).
Apple MacIntosh personal computer.

IBM-AT personal computer.

Other:

.

- R O QA0 OR

Ciccle the type(s) of personal, office and desktop
computer svstems you have at least 10 hours of accumulated
hands-on experience with:

a. IBM personal computer,.

b. [BM compatible Zenith PC (Z-150, Z-148, etc.).

. Non-1BM compatible Zenith PC (Z2-100, Z-110, Z-120).
4. Wyse terminals and Intel central processing unit.

a. Wyse personal computer.

f. DEC Rainbow 100 personal computer (A, B or + models).
2. Apple Maclntosh personal computer.

h. IBM=-AT personal computer.

i. Other:

lkncl 2
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44. Circle the type(s) «f gsoftware you have at least 5 hours
of accumulated hands-on experience with:

Word Perfect word processor.
Word Star word processor.

Display Write word processor.
Multimate word processo..

Lbotus 1-2-3 spreadsheet.

Vigicalc spreadsheet.

Multiplan spreadsheet.

MS-DOS or PC-DOS operating system.
BASIC programming language.
FORTRAN programming language.
COBOL programming language.

PASCAL programming language.

PL1 programming language.

dBase II, III, or III Plus database system.

I3 —~FCe rmrTR OO TP

15. Of the TOEs which your organization is responsible for,
please give the name and number of the one which you
believe to have the most resiliency.

16. Of the TOEs which ynur organization is responsible for,
please give the name and number of one which you believe
to have a typica! amount of resiliency.

17. Of the TOEs which your organization is responsible for,
please give the name and number of the one which you
believe to have the least resiliency.
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LIST OF CHARACTERISTICS
(for use with Questions 29 - 38)

17. The degree of vulnerability to combat damage and destruction
possessed by the equipment in the TOE.

22. The amount of time it takes to repair battle and usage related
damage to the equipment in the TOE.

23. The average of the quantities of each type of major equipment
in the TOE, i.e. the mean number of units of equipment per
equipment type.

23. The degree of crosstraining (in the other MOSs in the TOE)
possessed by the personnel in the TOE.

[ 3]
[¢})

The degree to which the unit plans and trains for
reconstitution after a battle. 4
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APPENDIX B. WRITTEN SURVEY COMMENTS

[ believe we trv to accomodate resiliency but it is extremcly diflicult in missile
support units due to cost and limited density of equipment.

As long as there are personnel and budget caps:constraints, neither resiliency, nor
any other design criteria get to playv in the design process. Any designer that tells
vou diflerent is full of bull. That includes those who would sav MARC and SGA
have a degree of resiliency built in. Manpower reduction and, or zero sum gaine is
the design criteria.

We never used to use cost but decided toward the end of my tour to start using
cost. The methodology is under study.

R3 study. resiliency redundancy ’robustness study shot down in the early 30's; was
found to be infeasible, costly in terms of goals.

The question of equipment availability rates a I in modifying a TOLY.

Resiliency should be, but in my opinion is not a factor in designing TOE’s. When
we are constrained by manpower to the extent that adding personnel requires re-
moving them in equal numbers {rom somewhere clse, then resiliency 1s not a con-
sideration. We design for “minimum essential combat requirements”.

People are about equally vulnerable- what differs is exposure to risk and organic
equipment. We tend to give those so exposed more protection (exception, light
infantry), but expose them more. Those less exposed get to live in CP tents instead
of tracks. As the end result in a TOE-who knows?

The bottom line: redundancy and back-up are always good!

You train for skills but must sclect for ability. Once out of the realm of operating
something ability is very hard to measure; (ie. above the level of crew chief or op-
erator) ability becomes a judgement calj.

Obviously units can be too big, but if thev are too small there is no. resiliency.
Must be large enough to offer several tactical options to combat situations (or
courses of action [or division or ¢corps) but still be small cnough to be managed and
sustained.

We used the AMORE process several vears back. Tlowever, it was never a very
useful tool (or the TOEs we developed. We could predict what AMORE would tell
us, swithout hasing ot Jo all of the research input required of the ANMORI process,
An AMORE or similar tool is uscful (mavbe) to a combat unit, but not for a scr-
vice support tvpe unit in the Corps {or above) area.

I'm not sure [ see how vou can separate these mto distinet characteristics of a TOE.
One begets the other and vice versa.

9 This comment s referring to question number 10 of the survey where respondents were
ashied to rank order design eritenia from most important to least nmportant. ‘T he rank ot 1 is most
uuportant.
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'{: ¢ Our experience has been too limited to point to specific TOEs, but it should be

e noted that any given TOE can appear resilient under certain circumstances and

R\ not-resilient under others.

{ * AURA analysts, by their nature, look at the “outliers”, or choke points. These
- choke points tend to obscure other potential brittlv personnel or equipment. Under
> a slightly different stress (combat damage in deflerent place, longer combat hours,

:. higher battlefield temperature or humidity, etc) these choke points “shift” and other

oo personnel or equipment will surface. For this reason, “resiliency” should always ;

e be defined in the context of a particular study. Ideally, many different scenarios

\ should be exanuned, but this takes more time and resources.
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APPENDIX C. TABLES FROM CONSTRUCTING INTERYAL SCALES

Table 20.

FROM ORDINAL DATA

PIJ ARRAY FOR TOE DESIGN CRITERIA

Q49 Q30 Q51 Q52 Q33 Q54 Q55 Q56 QST Q58 Q59 Q60
Q49 - 611 395 771 .694 771 .667 .31 .208 250 .500 889
Q50 389 - 433 857 .625 .786 .500 270 .36l .324 231 .778
Q51 .605 .567 - .74l .621 .703 .586 467 .459 463 .366 .839
Q52229 143 259 - 455 .625 250 L1701 .229 171 .182 615
Q53 306 375 379 545 - 818 615 .189 .236 .257 .200 .786
Q34229 214 297 375 182 - 333 .A71 .229 200 182 615
A Q55 333 .500 414 750 385 .667 - 297 333 .306 .278 .750
o Q56 .682 .730 .533 829 811 .829 703 - 605 710 341 944
A
N Q57.792 639 541 771 714 771 667 395 - 317 .336 043
T«
¥ Q38 .750 676 .537 829 .743 800 .694 290 683 - 385 943
i Q59 500 769 .634 813 .800 818 .722 659 .614 615 - 970
N Q60 111 222 161 385 214 385 .250 .056 .057 .057 .030 -
“~ ":c
b
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Table 21. ZIJ ARRAY FOR TOE DESIGN CRITERIA

Q49 Q50 Q51 Q352 Q33 Q34 Q355 Q36 Q57 Q58 Q39 Q6O

Q49 0 28 -26 .74 51 74 43 .47 -81 -67 O 2
Q30 -28 O -4 1.7 32 79 0 -61 -34 -45 -73 .77
Q31 .26 .14 0 640310 .83 .22 -08 -1l -09 -33 .99
Q32 -74 -1.7 -64 O -1 .32 -67 -85 -74 -95 -9 .29
Q33 -51 -32 -31 .11 0 91 .29 -88 -56 -65 -84 .79

Q¥4 -74 -79 -53 -32 -91 O -43 -95 -74 -84 -91 .29
Q35 -43 0 -22 .67 229 43 0 -53 -43 -52 -39 .67
Q36 47 .61 08 95 8 95 53 O 27 .55 -42 1S
Q37 .81 .35 11 .74 56 74 43 227 O -47 229 1.5
Q58 .67 45 .09 95 65 .84 52 -55 47 O =29 1.5
Q39 0 J3 033 90 84 915 59 42 29 29 0 1.8
Q60 -1.2 =77 -99 29 79 -29 -67 -15 -1.5 -L5 -1.8 O
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APPENDIX D. TABLES CONSTRUCTING INTERVAL SCALES FROM
CATEGORICAL JUDGMENTS

Table 22. RESILIENCY AND TOE DESIGN RAW F1J FREQUENCY ARRAY

Strongly  Weukly © No Weakly  Surongly
Yar  Negative Lomnuve Influcnce Positive Positive
Q71 1 14 5 10 13
Q72 1 6 15 16 16
Q73 0 2 11 22 20
Q74 17 5 4 10 18
Q75 17 13 5 3 18
Q76 13 10 14 5 13
Q77 0 4 19 16 26
Q78 21 9 9 6 11
Q79 13 15 10 7 11

Q80 18 13 7 5 13
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Table 23. CUMULATIVE RELATIVE FREQUENCY PLI ARRAY
Stronglv Weakly No Weakly Strongly
Var  Negauve Negative Influence Positive Positive
Q71 2075 AT17 566 7547 l |
Q72 01856 1296 4074 7037 1
Q73 0 0363 2364 6264 l
Q74 3148 4074 A815 6667 1
Q75 3036 5357 625 .6786 1
Q76 2364 4182 6727 7636 1
Q77 0 0714 .25 5357 1
Q78 375 5357 6964 .8036 1
Q79 2321 S5 6786 .8036 1
Q380 3214 5536 6786 7679 l
Qs1 0185 1296 3333 7222 1
Q32 0336 1071 2679 5714 I .
Q83 0 .0179 2679 4286 l
Q84 0357 0357 2321 S714 1 ]
Q83 0179 0336 2857 4464 I
Q36 0132 0727 3818 .6909 1
{
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Table 24. ZI1J ARRAY FOR RESILIENCY CHARACTERISTICS

Stronglv Weakly No Row Row
Var  Necgative Negative Influence Positive Total Av
Q71 -815 -.07 A7 .09 -.025 0062
Q72 -2.08 -1.13 -.24 535 -2915 7287
Q73 -3.0 -1.79 -72 35 -5.16 -1.29
Q74 -.48 -.24 -.03 43 -.34 -.085
Q75 -.515 09 .32 .46 355 0887
Q76 -71 -.21 45 12 25 0625
Q77 -3.0 -1.d4 -.675 09 -5.025  -1.2503
Q78 -.32 09 SIS 855 1.78 4435
Q79 -73 0 463 855 .59 1475
Q80 -455 135 .46 73 .87 2175
Qs1 -2.08 -1.13 -.43 .59 -3.05 -.7625
Q82 -1.61 -1.24 -.62 A8 -3.29 -.82235
Q83 -3.0 -2.11 -.62 -.18 -5.9 -1.475
Q84 -1.8 -1.8 -.73 18 -4.15 -1.0375
Q85 -1.24 -1.€1 -.560 -1.35 -3.545 -.3803
Q86 -2.09 -1.435 -3 5 -3.545 -.8362
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APPENDIX E. 8 X 8 PAIRWISE COMPARISON MATRIX

29A
38C

30A

31A

32A

29C

30C

31C

1/3CC

1/33C

1/36C

338

348

1/29B

358

| 1/31C
{

1/30C

1/37C

1/378B

1/388

1/328

1/35B

Figure 8.

Aggregated 8 x 8§ Pairwise Comparison Matrix for All Surveys.: The

letters AL B, and C refer to survevs 1,2, and 3 respecuvely. 33A repres-

ents the multiplicative n* root of all survey 1 responses [or question 33

and 1. 33A represents the inverse.
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APPENDIX F. APL PROGRAM TO COMPUTE CONSISTENT AHP
COEFFICIENTS

A INITIALIZE VARIABLES AND SET UP OUTPUT HEADER

Rg;" INITIAL ITERATIONS LARGEST LARGEST ROW ROW NUMBER
OT' CONSISTENCY TC AlJ VALUES ROQT MEAN SQUARE LARGEST
g INDEX CONSISTENCY 1ST 2ND 3RD ODEVIATION RMSD !

ot
s 2R
JeQ
Ne§

SQeN#2
Ke1

-
QUGN E W

Lel
CCUNTCle«0
TERMe0

[
A READ PAIRWISE VALUES FROM [NDIVIDUAL SURVEY MATRICIES
2]

]

]

1

]

]

J

3

] LOGP1:

1 CCUNTCI«0
1 I+l

1 Jed+l

] «(J>14)/MODEL

1 Y+aHP1

1 Y+ 10 1u pv

1 Ylev(I:J)

1 Y2ev(l+1:J)

1 Y3ev(I+2:4]

I Yuev[1+3:J)

1 ¥Sev(lsust]
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1 Y7evl[+8:4]
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1 v10ev({I+9:J]
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1 YYZe(aYE),(+Y8) 0l o¥10,(+YL) (Y7 ),(+Y9),($Y10) 01

] MaTe S 5 prrievy2

1 RTe«0

1
3
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]
]
]

]
A CCMPUTE EIGENVALUES AND EIGENVECTORS
A
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EIG+EISEN MAT
LMaeEIGI1:221])
EVEC-EIGI1:1+1511]
MOWeEVECH(+/EVEC)
MO« 1 5 pMDW
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TReC1H(1,13)
<{RT=2)/CONTINUE
ICI«CR
CONTINUE:
A

A TEST IF¥ CR [S LESS THAN TARGETED VALUE
”

+(CR<0. 1)/2RANCH2

a

A COMPUTE MODEL WEIGHTS
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@ FOPM W1/WJ MATRIX AND COMPUTE ABSOLUTE DIFFERENCE FROM AIJ MATRIX
a

RWe(S 5 0C1,02,C3,C4,C5)
Avel  MAT-5W)

(NSTI+1))/BIGL
=1))

(N30+1))/BI6G2
-3}

ey
3

(31532(NT3+1))/BIG3
51+81G24BIG3
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3] a
b {100] A ®EPLACE LARGEST MEAN SQUARED DEVIATION ROW WITH CORRESPONDING
A gng&% AWI/WJ ROW AND CONTINUE ITERATING UNTIL CRS CONDITION
{102]) »
", {103] BRANCH1:
L0 [10u] MAT{ROW:)eBHIROW:)
M\ Exos% Eoumcxocoumcxn
105 Tel
{icT) ~LooP2
$:108] a
EIOS} A AFTER CR CONDITION IS MET STORE INDIVIDUAL'S REVISED JUDGEMENTS
» 2l A
{111) BRANCHZ:+(TERMs1)/0UTPUT2
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APPENDIX G. APL PROGRAM TO DERIVE GROUP AHP

B+=BIG3UR
Q334«B(88:1131
Q90A«B(30:118]
Q92A«B(921118]
Q9ua«Bl3u:113]
086A«B(96:118]
Q98A«B(98:118]
G130A«B100:118])
Q10Ca«38(102:13)
Qigua«s(iou:vr:3]
Q1CBaA«B[105:113)
U838+8(83:13+115)
8+175)
G3IB+8(32:15+115])
GuBeB8{3u;13+125)
Q968«5(05:18+1251]
Q933«8(98;18+125)
Q1008«B[100:13+125]
Q1028+«BL102:15+128)
QlCuS8«B{10u;18+125]
Q1068+8(106318+1261]
Q38C«B(88;:u3+116]
Q3CC+B(30;u3+116}
QaiC+B(92:u3+118)
Q9UC+B(%u;u3+116)
Q26C«B(25:u3+1163
(98C+3[98:u3+115]
Q100C+8(100:u3+116]
QlOIC+BL102;:u3+115]
QG10uC+BELI0Lu3+11B]
Q105C+BL106:u43+1186]
a

a ELIMINATE ALL NULL ENTRIES IN EACH ANSWER VECTOR
A

Q88A+(Q38A=T1)/Q88A
Q904«(Q90a="1)/Q30A
0924« (Q924=71)/G22A
QuAe(Qoua="1)/09%ua
Q364+~ (R2364271)/Q0384
GuBA«(G98a="1)/Q98a
G1004+(3100A="1)/Q100A
Q107A«(Q1024=71)/0102A
Ql0ua«(QIQua="1)/ql0uA
Q1C06a+(J1CBA271)/Q136A
Q88E«(1)588=_1)/Q358
Q9nB«(0308="1)/3908
Q32B+(328271)/Q378
Q3:3«(Q%ue="1)/79uB
Q96B«(Q368=71)/1958
3988~(Q888="1)/Q983
GlQ0B+(Q100B="1)/QIC08
Qi0TB«(Q1078="1)/91028
QIQuB«(Q:i0uB="1)/Q10u8
Q10684(Q1062="1)/71C68
$83C«(G38C%"1)/Q88C
G9CC+(290C="1)/C90C
Q22C«+(Q82C="1)/032¢C
Q3LC+(G3uC="1)/53uC
GSBC+(I38C2"1,/Q360
Q2AC«~(238C="1;/59C
310CC«(131C0C="1}2100C
SJ0IC+(192C*T1)/Q102C
01064Ce(Q10uCe"1)/Q10uC
31068C«(Q1C6C=T1)/Q106C
G32A«(3834272)/G58A
SU2A«(430a=72)/09%a
N9TA-(LulA=T2)/092a
GP4AS (L eanT 1) /296
2)/59%a
2)/R0Ra
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COEFFICIENTS

nu EXTRACT PAIRWISE COMPARISON ANSWER VECTOR FROM ALL SURVEYS
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N8BA«+(pQ83A)
N90A«+(pQ9I0A)
N924++({pQ32A)
N9La«+(pQ9ua)
N96A«+(pQ96A)
N33A++(pQ38A)
Ni00A=+({pQl100a)
M102A«+(pQ102a)
N1QuA«+(pQI0NA)
N106A«+(pQ1064)
MB88B«+(0G885)
N3CB«+(pQ90B)
N22Be+(Q92B)
NSLB++(pQ3uB)
N9GB++(pQIEB)
N93B8+«+(pQ928)
N1008«+(pQ1008B)
N102B«#(pG1028)
M1OuBe+(pQ1i0UB)
1068++(pQ1068)
NBBC++(pQ33C)
N9GC++(pQ9CC)
NI2C++{(py3IC)
MSLC++(pQIuC)
N38C++(p396C)
NSGC++(£093C)
NICCC++(p0Q100C)
M102C++(e2103C)
N1GUC++{pQiQuLC)
N106C«+(pQ106C)

A
L] COMPUTE MULTIPLICATIVE NTH ROQOT OF EACH ANSWER VECTOR
A

MB88a«((Q8RAx, ¥Q88A I*0. §)WNBSA
M204A«((Q90Ax.xQ90A 0, 5)%NI0A
M3Ta«((Q92Ax, 924340, 5)~N32A
MUA« ((QIBAx, xQIUA %], 5)vHILA
MIBA+( (J964x. xQ36A ) «0.5)*NIBA
M35A«((GIR3Ax«,x238AV+0D. 5 )¥NIBA
M100a«((Ql0QAX. xG1I0A)*Q.S)«M100A
M1024+{(Q10ZAN. xQIC2A)I*(0,5)+N]0TA
MIOWA+({DI0UAX, «QI0WA XD, S )«MICUA
M106A«((Q1064x.«Q1T6AI*0,5)*N106BA
M88B+({0383Bx.xQ38B)%0.5)*MNERBB
#1308« ((Q90Bx.xQICR)I*(.5)4MNSCB
M3ZBe{(Q928x.xQ328)*0.5)*MIZB
MSuBe ((L3uBx, »QIUBI*D. S)*NIUB
MSEB+((QI6B¥ . *xQIBB¥C.5)IANIEB
M93B«((5378x ., xQ335)+0.5)*NSaR
#11008~((Q1J08x.xQ100B)«0.5)*N100B
M102B«((Q102Bx.xQ1028B)*0.5)4N192B
MIDUB-((Q1CLBx,xQl1CUB)*D.5)*MNI10uE
1]068+((Q1068x,. Q1068)*0.5)¥N10EB
MBBC+({373C<,*QBBCJ40.5)¥N33C
M30C«((QICB*. xQ30B)I*Q.5)#N08
MI2C+((G9I8x . xQI2E)I*0.5)I¥NIZB
MILC«((USUuBx. xQIuB)¥D. 5 )*#NIuUB
MI5C+((Q368«. xQSEB)#0. S ) #HIEB

-F
J' i .’N-P i"--‘

M25Ce((L38Bx.
MIGOC~({QI09Bx.
MI02C+((QA10IB<.,
MICLC+((31JuBx.

<2983 )%0Q.3)'N98B

“G1308)%0.53«N1008
“G107B)*3.5)+«H10IB
“QIQUB)I*D.S)eMiNUB
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MIOBC+((QIQ68x.«Q1068)40.5)4«NIC6B

A

A  COMPUTE MULTIPLICATIVE NTH POOT OF COMML!'! SURVEY QUESTIONS
2}

088106+0834,0106C
ME3106«((033106+.%Q88106)+0,5)*(+33)
Qi06102+0105A4,31028
M106102+((Q106102%.%Q106102)%0.5)%(+33)

o
A CREATE 8 X 8 PAIPWISE COMPARISON MATRIX

n
R1+1,M23106,M30A,M324,19:4,188C,M30C,MI2C

P2« (+MBA1GR) 41,1964 4MIBAMICOA JMIUC LMI5C ,MIBC

R3I+(+MICA) (#1964 )4 14M1024,M10uA(+H100C) 1020 ,M10UT
PUs(#M324),(+1138A), (M lO“A).l.ﬂlOBIOL'(vMSOBJq(i"QEB).HlOUH

PR« (+ HQMA).(YMIOSA) (7M10HA), +M106102)41,(+MIZB ) (+M36B),41068
RE«(+M33C )4 (+M3UC),M100C ,M30B,M97 B.X-HQSB‘HSMB

R7eC+MINC)  (+MIC) 4 (M1027),M958.M983,(+4388),1,M100
93*(¢H“~.).\v“33f) (+M10LC ), (rHlOUB).(vHIQSB).(fHSHB) (+M100B), 4
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APPENDIX H. APL PROGRAM TO COMPUTE RESILIENCY INDEX
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NIMMOS *o((X!O,/X)
A ESTABLISH PARAMETER BOUNDS AND MORMAL SCALING VARIABLES
C>'“O YQU WISH TO MODEL THE AFFECTS OF ESTABLISHING SECONDARY'
-'“éLlTARY OCCUPATIONAL ZPECIALTIES?'
AMS~
~(N3=Q)/TRANSFERIL
K~.A
SPECIFY THE ITEM NO. FOR THE MCS THAT WILL RECEIVE THE'
3.' ECTNDARY MOS, [HE NUMBER OF SOULDIERS TO RECEIVe THIS!
G+'CESIGNATION, AND THE ITEM NO. CCRRESPONDIMG TN THE SECCONDARY'
3~'Fﬁa TG BE DESIGNATED (ENTER ONE SPACE BETWEEN EACH ENTRY).*

(1] A E3STABLISH THE NUMSERS UF SOLDIERS IN EACH MOS FOR THE UNIT

2] Xe 54 1933 14119 11

(3] Nepx

[u]l  MNINITes/X

{81 »0«'CA3E HNQ.!

(6] ACASE«]

(S8 Qe'THE FOLLOKING 1S A LIST OF THE AUTHORIZED ALO! DERSONNEL'

E§§ C~' STREMGTH LEVELS FOR EACH MOS SPECIFIED [N THE TOE.

(ic LC“PI.

C3i) 2+'ITEM NO. H0S STREMGTH!

(1 Qer ) 11810 L (B(XC1I D)

(23] Qer 2 118290 ' ((XC2)))

(i1 Jer 3 11B30 T (E(XL3)))

{is Cet 11BuQ 'S (F(XL]))

(i8] Ge' s 11850 ' (F{X5]))

(37 Q' & 11K10 *e(3(A(81))

(18] LCer 7 11329 *L{B(XL7IY)

(.2} Qe 8 1iH30 tLUF(X(3]))

(23) Qer 9 11M10 te(F(NL9)))

{213 Cer 1o 76¥20 'L (F(XC101))

(22 Qe 11 76130 'L (B(XCIL1))

(23] der 12 31v30 'L(3(X(12]))

{ Cer 13 20 'a(T(XE131))

{ Ce'DO YOU NIQH TO CdANGE A STRENGTH LEVEL FOR AN MOS? (1 FOR YES'

& *OR 0 FOR NI

[y ANS~J

(23 +(AN3z0)/TRANSFER]

Egg O«'ENEER THE [TEM NUMBER OF THE HMOS STRENGTH LEVEL TO BE CHANGED.'
ANS I~

31 C~'KHET IS THE NEW STRENGTH LEVEL OF THE ITEM??

1301 ANGZeC

£33 (ANS 1) «aNS2

{34]  <LCaPl

{35) TRANSFERI:

358 HLN#‘/X

{37 31J1-CTASK+TTASK

133 SZuoa[JI

{39 Re WX

(31 MAXMOE1+35,825

(ul MINMOEL«]

w2

{u3

Tuu

(43

05

4%

(.8

{49

NE YL O

H—'x.sn NO. o3 STRENGTH!

i 11810 Yy (F(X(11))
Dw 3 11820 tL (X))
der 2 11B30 S F(XL3TD)
Cer s 1.8u0 Pe(E(N(N]))
3= 5 11850 C5(B(X(5)))
d-' 8 1iK10 'L (3(X(8]))
Jer 7 1iH20 *LCE(X[TIN
e EL - 1:230 * L (5(X(81))
a2 11M10 *e(E(X(9) )
Ser 2 T5YI0 TL(F(XL10)))
Ter g TR0 CLCEXCLII N
a2 31v39 *S(R(ALIZIN)
‘.L éz S4E20 ' (3(XCI3I M)
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) {104) LOOPSIJ:
K~ {1051 =(J>NZ)/PEINITIAL
A [106] ~=(I>NZ)/STOP
. £137] SIJLI: Jlosxacnal
&Y (1331 Jed+l
[139] =LOCOPSIJ
> (110} ncmxrm. Tel+1
L1111} g«
£11z] *LOOPSIJ
. £113] STOP:
" (1i6] 1wl
- {115] LOQPA:=(I>CI)/RY
. (1181 «((ISREC)IV(I=SEC))/C
A Ti17]  «(CTaskll: PE"]\CTA,;K[X SECI)/BIG1
. (118] BIGE3T«CTASKII;SEC)
. {1497 =BIG2Z
- €12C) BIG1:8IGEST«CTASKI];REC)
»! D111 BIG2:
L [122] ADJCTASK1e(BIGEST+CTASK{I{REC]+CTASK{I;SEC))+2
- {123) ADENOM3+~(TTASK(REC:REC] *TTASKLSEC:SEC] )-ADJCTASKL
. tizul -(n:wona a)/I1A
t ) SUL:CP1eaDJCTAS KlYDF.NOHZ
. - o3l ,..J[ cm /¢
h [ sx JCT:CFle1
' 1 cl: m[*l
> filsr  +LCO
1137] cu:;x.x[l CFle0
G4 £:71] fe1-1
[:132] »LoOPa
ol 1133) Pl:Jel
L4 (1331 LOCFB:+(J>C1)/R2
> [135) =({J=REC)u{J=3EC))/C
P [135] ~(r AZKIPEC: J])CTA“K[ EC:J1)/BIG3
[:37] ?EST‘-C"A.:I([“.C. J1
(178] -BIG
£133] 81G3:BIGEST2+CTASKIREC ]
g {1u0] BIgu:
o (i41] ADJCTASK2«(BIGEST2+CTASKLREC;JI+CTASKISEC:J])¢2
> [12)1 CIMCMueTTA3K[J:J]
. 1143 <(ZEHOMUz20)/CIA
- [iuu! STJISF;J1«aDJCTASKS +DENOMY
Ca Tiu5]  «(3lJICF:olsl)/ce
> (i8] SIJiCFidlel
7 iiu7) c::.:‘uwl
~ i3] ~LCoF
- Tis9) c:a-:utcr Jle0
R [133] Jegel
T131] ~LCCPB
¢ [:52] R2:
- {1531 X»=oX
~ T154]  XeX,MASRECNO
el FiCE]  Xe 1 1u px
{155) NTeNZ*1
w {157] MOE]«(HEN+{Q.SxMOSPECND) ) +NUMMOS
" {.53] TPANSFERIL:
b [153] "f'*ﬂs-./((..,u)x(.(Xo X))}
S [i80]  M3e+/( X
- [i5i] r-.os::~m:Pma~Na)+(N3x(N3-x))
- (521 TRI? o
P £163] !
' {7 a & *Asv_"‘u QUANTITIES OF WEAPONS SYSTEMS AND FIPEPOWER SCORES
[:55] a FP 5 THE YECTOR OF FIREPCWER SCCRES AND WQ 1S THE VECTOR
11531 a af -‘E NUM3ER CF WEAPCHT PER WEAPON TYPE.
L1871 fP+ 55631231
iR [i83] WG« 9 1L 2 5 20 107 22 4
* 3] Nie+/uQ
o 3] CerTHE NUMBERS OF WEAPON 3YSTEMS SPECIFIED IN THE TOE ARE BELOW.'
- 1] Ce'FOP EACH WEAFON SYSTCM A FIREPOWERSCORE HAS REEM ASSIGNED.  THE!
v, 2! DOe'SCORE REPRESENTS THE PELATIVE rIREPOWER OF THE SYSTEM. A VALUE'
B ZerSF 10 IS MAKIMUM AND 1 1S MINIMUM. '
- LOOP3:
[ J+'ITEM WEAPON SYSTEM  QUANTITY £ IREPOWERSCORE!
£ S+' 1 ORaGeH ' L (BCEPLITY)
2 Cer T MIL13 W/EQ CA ' 1L (B(FP(21))
Ser 3 CW M/VEAICLE ' 'L LT(FRPL3)))
3004 *lar cal ' VL (TCFF(4]))
2 Se' S 45 TAL PISTOL ' 'L CB(FFLS]))
e Q-' & MiGal PIFLE ' tL(3(FPB1))
- Jer 7 MI03 SREMADE L. ' 'L (B(FP(TI )
L Tet B MIu3 3MOKE ' "W (B(EPLIRL))
R 3erro voU WISH TP CHANGE A ORE? (1 FOR YES O FOR ND)'
- aNGe
> - (ZMS=0 )/ TRPANSEERS
. iTER THE [TEM NUMBER UF THE WEAPON SYSTEM TO CHAHGE.!
il
o {3 THE MEW FIREPOWER SCORE?!
.
‘. PEP WEAPCM SYSTEM APE NOL:!
o ToM FIRLRLKRPSLOPE"
< : CLCTCETOTY)
K 2 TLLEEERI]))
‘- 3 Ce TUFTI3) )
N 4 CertiPlul )
I 5 L LLEPESD )
-~ 5 T, ELTRIB1))
. T *L(E(FPI7)))
P 3 TLUBLEPI3) )
3
b 23:
q FIREPOMERSCORE!
1 P10)e '
N 133, '
f 3 RN
" - 10t .
k. ] IER '
[ 5 SRR
” £ L. IR .
2 - » IREEN '
ANGE THE QUANTITY OF A WEAPOM SvSTEM

TetiTo
1.i8s aN3eDd

’m“mml“"ﬁ}




LG LI LI a CI LI LaT 3831 IEIEIEIEIRI0I1) ot bt

= DD IADEN I~ QOWSDUNE DO BN NONE W=D 0RNPNL QDI OBNICNE LN~ OO OV E WO WO

L L L L L L L D L L L L L L L L L L L G S A Ll L L oL L L o ol ou il n Lo nluonaiddim G it s cnla s s

FS P U ORI I NP (P IR D e T30 st ) F a3 st S EBr3Pdr e bt rstarardrdednsasrdiarsedtitsedesraasrIrarsesrsedrdtaritand

1NN ARG OBV DGR UAN NV ANNNAE LS L EEEEE

P N e L e LT T R e Y L slalaicla el aieldlalai il alaiala lalalalalalaleialoloiaiaialelals lalolel

@ 0B

+(ANS=0)/TRANSFERG

U;;THGT IS THE ITEM NUMBER OF THE SYSTEM TO BE CHANGED?'
ANS 1+

O«'WHAT [S THE NEW QUANTITY?!

ANSI«Q

WQLANS 1) «ANS2

g;;;ﬁﬂ QUANTITIES OF THE WEAPON SYSTEMS ARE NOW:!

-1

+TRAMSFER3
TRANSFIRU:
A THIS SECTION COMPUTES MOE3. £ IS THE VECTOR OF THE NUMBER OF
A NON-WEAPON SYSTEM EQUIPMENT PER TYPE.

Ee 2.2 14 17 13

FPE« 1 1111

N3e+/E

Loopu:

UO'THF NON-WEAPCN SYSTEM MAJOR EQUIPMENT ITEMS ARE;:'
G~'1T:n NO EQUIPMENT CUAMTITY!
Nt 3 TRUCK CARGO 2 1/2 TON ' o (F(EC1]))
Qet 2 TRUCK CARGO 1/4 TON 1 (T(E(23))
et 3 RADIO AN/GRC-150 1o (F(EL31))
Qet u RADIO AN/PRC-77 W (F(ELU]))
g~* 5 PACIO AN/VRC-u§ *y(B(EL5]))
O+'0O YOU WISH TO CHANGE THE QUANTITY OF AN ITEM OF NON-!

U;;WE-\PDN SYSTEM EQUIPMENT? (1 FOR YES O FOR HO)!

«(AMT2Q )/ TRANSFERS

O:J;_ENEER THE ITEM NUMBER OF THE EQUIPMENT TO BE CHANGED.'

ANS |«

Qe'WHAT 1S THE QUANTITY?'

ANSZed

£LaNS11eans?

UE"J;!;:. QUANTITIES OF NON-WEAPON SYSTEM EQUIPMENT ARE NOW:'

- u

TRANSGFERS:

TOTEQUIP~N2+4N3

TYPES«(oig)+(pE)

MOES~((+/ (FP Q) )+ (+/(FPEXE) ) )4 ((+/FPEYI (+/FP))

A MOEW TECHMICAL COMPLEXITY OF EQUIPMEMT MOE

A THEC OF VECTOR IS THE DIFFICULTY FACTOR ASSOCIATED WITH THE OPERATION
A OF EACH TYPS OF EQUIPMINT [N THE TOE.

DF« U 54 383837338378

O«rALL THE ECUIPMENT QF THE TCE IS GIVEN A TECHNICAL COMFLEXITY'
O«'OF OPERATION VALUE. A VALUE OF 1 REPRESENTS THE MOST CCMPLEX'
Ce'ITEM OF EQUIPMENT (IE. APACHE HELICCPTER), AND A VALUE OF 10
U«'REPFESENTS THE LEAST COMPLEX (]E. WATER BUFFALO) TO OPERATE,!
(e' THE TOLLCWING ARE THE COMPLEXITY VALUES FOR EACH PIECE OF
Ce'EQUIPMENT. "

LOOPS:

g«TITEM NO. WEAPON SYSTEM TECHNICAL COMPLEXITY VALUE!
Qet 1 DRAGON S (FCOELLIY))
Qe 2 M113 W/50 CAL '.(t(urt:]))
ge' 3 TCW H/50 CAL 'L (3(DFL3]))
ger u 7.52 CAL ' (B(DFLW]))
st 5 G5 Cal PISTOL to(3(DEL5)))
ge' B MicAl PIFLE Ty (F(DFI61))
C<' 7 M203 SRENADLE L. 'S (F(DFL7]))
g« 38 M243 SMOKE L. '+ (3(DFI3]1))
Ge' 9 TRUCK CARGO 2 1/2 TON ' (3(DFL91))
Os' 10 TRUCK CARGO  1/u TON "4 (B(DFL101))
G+t 11 RADIO AN/GRC-150 L (s(DFT11)))
Cer 12 PAUXO AN/PRC-T7 *L(3(DFTI2) )
et 13 ADIO AN/VRE-US *,(3(DFL131))
”:'08 YOU WISH 'o CHANGE A COMPLEX'TY VALUE?!

ANG e

~(AN3=0)/TRANSFERS

Ue'SNTER THE ITEM MUMBER OF THE EQUIPMENT FOR WHICH THE'
G*'?CSPLEXITY FACTOR 13 TO BE CHANGED.*

ANG =

O*'hHGT IS THE NEW QUANTITY?'

NS

OF [ati311+aNs2

~LEN
'p»usr:ws.

ECUIPewn,E

MOZue((+/DF<EQUIP) )+ (TATEQUIP)

AKPe 7.21u7995 3.317297 3.2531023 0.21u7998

SC1e(MUEL-MINMOEL ) +(MAXMOEL-HINMCEL)

tINMOEZ )+ (MAXMOE3-MIHNOES)
M{NNCEL )+ (MAXMOES - M INMOES )
2,3C3,5Cu
e

PIa1CAYs/WTS)

CJ+'LASE MOEL MOE2 MOE3 MOEU RI'

Tet ', (ITASE),! ' e (35C1),! T (35C2),! *,(35C3),! * 4 (B3CU),!

" (TRI)
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