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3, A2STRAT

This report documents an analysis of the G3 section of U.S. Army corps and

~ division main comnand posts (63 Main)}. Tne B3 analysis, perrormned by tne

o Combined Arms Operations Researcn Activity, identified and prioritized

. . - o . j -

3 analytic aiding opportunities to support tne L3 throudn tne use of computer

Q applications. The analysis and assessment process was based on the near-term

. (five-year) autumated :nvironment of main CPs and current U.S. Army doctrine.
. A structured functional analysis was performed to identify specific G3 Main

N tasks and products and tnen to assess opporiunities to aid 3 performance. A

X\ prioritization methodology was refined and exercised to develop a recommended

- priority to concuct researcn and to develop analytic aids.
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V1. INTROULLCTIGN.

a. Purpose, Tne purpose of tnis report is to gocument an analysis of the
G3 section of U.S. Army ccrps and division main commana posts (G2 Main). Tne
purpase or tne (3 analysis was to identify opportunities for aiding tne
performance of tne G3 during tactical operations through the use of computer
applicatiens. Tne G3 analysis was perforuwed by tne Compined Arms Operations
Researcn activity (CAORA) auring tne period January - July 1985. The G3
analysis was a substuay of tne Combined Arms Center {CAC) Command ang Staffr
Decision Aids Project. Tne G3 analysis was performed to assist the Combined
Arms Combat Developments Activity (CACDA) to refine requirements for software
applications on tactical automated systems.

D. Problem staterent. Tne analysis docuamenteu in this report was
performed to assist CACDA by answering the following questions:

(1) wnat are tne opportunities for aiding tne performance of tne G3
during tactical operations through the use of computer applications?

(2) 4Anat aiQing opportunities require analytic tecnnigues wnicn
transform tactical data into meaningful decision information (analytic aids)?

(3) “nat criteria snould be appliad to prioritize analytic aid
development?

(8) 4nat is the recommended development priority for G3 analytic
aiding opportunities?

c. Background. Tne CAC Comnand ang Staff Decision Aids Project was
establisned in response to a February 1984 directive from Commander, Training
ana Doctrine Command {TRADOC), wnich tasked tne Compinea Arms Center "...toO
initiate an effort leading to tne use of advanced technology systems to nhelp
tne tiela commander and his staff in deciding on a course of action in
critical battlefield situations..." ang to "...describe additional work to be
done to develop means by wnicn conmanders can use computers to improve
decision making." Project guidance called for a constrainea effort initially
to identify ongoing efforts and to "...determine gains whicn might be realized
by increasing the effort." The Command, Control, Communications, and
Intelligence Directorate (C31), CACDA, was designated as tne CAC lead for tne
Command and Staff Oecision Aids Project. (31, CACDA, requested CAQRA support
in a constrained project to develop a prototype application and to analyze
opportunities for expandeag application development in support of evolving
automated pattlerield control systems. Tne 63 analysis gocuments identitied
opportunities for application development in support of the G3 Main.
Concurrently, CAQRA developed an Integrated Unit Movement Planning Aid
(MOVEPLAN) as a "proof of principle" prototype to refine tne application
dgevelopment process. The MOVEPLAN prototype will provide a near-term
capability to field users and a validated software requirement to the materiel
developer.
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3. Anproacn.  Tne g2neral approacn enployed to icentirty and pricritize
opportunities for aiding tneg perftormance of the 63 auring tacticel operations
was a structured functional analysis of tne G3 HMain., Tne structureq
functional analysis, depicteu in figure 1-E, focused on tne doctrinal (3 Main
tasks and products to develop guzalitative assassuents of ailing
opportunities. The analysts recognized that the specific manner of task
performance and tne forms of products may vary from command to command, but
that underlying opportunitiec for aiding perforinance have potential for
transfer across commands.

m

[
»

-
“
"

e. Report organization. Tnis report is organized in two volumes.
Yolume [ provides an executive summary and & main report wnich reflect
analysis objectives, analysis methodology, assumotions, analysis nignlignts,
conclusions, ana recommendations. Volume I is designed as a ready reference
for stand-alone use. Volume [l provides additional technical information and
functional descriptions wnich supported tne analysis. Appropriate lists,
fiqures, and tables are included in tne main report to clarify the analysis
metnodology, analysis, and conclusions.

2. OBJECTIVES. Tne following objectives were establisned to accomplisn tne
G3 analysis:

a. lcentify tne G3 Main critical tasks.

b. ldentify the G3 Main products wnicn are supported by the critinal
tasks.

c. Igentify a taxonomy of aiding tecnnologies.

d. Assess tne potential of identified tecnnologies to aid G3 Main
performance.

e. fFor tnose products wnicn require analytic aiging technologies, assess
tne appropriateness of alternative analytic tecnnigues.

f. Uevelop a inetnodoloqy for prioritizing analytic aiding opoortunities.

g. Prioritize analytic aiding opportunities based on appropriate
criteria.

n. Document tne analysis witn appropriate findings and recommendations.

3. METHODOLOGY. A sequential methodology was developea to accomplisn the
analysis objectives. A flow diagram of the major steps in the metnodoloay is
shown in figure 1-E.

4. ASSUMPTIONS. Tne following assumptions apply to the analysis in tnis
document.

a. Near-term (five-year) requirements for automation at 63 Main will
include various commercial microcompJter systems and tne Maneuver Control
System (MCS).

b. Doctrinal iiteriture and tactical standing operating procedures {TSOP)
accurately describe G3 products and tasks. Additionally, the current
doctrinal literature and TSOP will remain in effect for tne near term.
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¢. The Division Commander's Critical Information Requirements (CCIR),
published by CACDA, are baseline information requirements and are subject to
modification or validation by a working group of corps commanders,

d. A purpose of tactical automation is to improve the performance of the
tactical commander and staff.

e. G3 products and tasks are similar at corps and divisi.n and are
similar for different type corps and divisions.

f. Bias of military and civilian analysts in making qualitative judgments
about importance and feasibility of analytic aids can be reduced.

5. RESULTS AND DISCUSSION, Key results of the analysis are provided in this
section.

a. Analysis summary,

(1) Seven major functions of the G3 and 43 G3 Main critical tasks
were identified. Decomposition of critical tasks facilitated identification
of aiding opportunities. A single comprehensive, doctrinally approved and
operationally validated list of G3 critical tasks does not currently exist,
Focused, structured observation and experimentation may help to further define
G3 critical tasks.

(2) Fifty-nine G3 Main products were identified. G3 tasks were
mapped to the products which they support to clarify opportunities for
aiding., Tables 1-£ and 2-E list the G3 Main formal and implied products.

(3) A classification scheme (taxonomy) for aiding technologies was
identified and elaborated. The taxonomy facilitated targeting of appropriate
technologies to aiding opportunities identified during the detailed task and
product analysis. The taxonomy is adequate as a first-order technigue for
assessment of potential technology solutions to command and control
deficiencies. »

(8) Fifty-three different G3 Main analytic aiding opportunities were
jdentified which have potential to support the develaopment of specific G3
products.

(5) A methodology for prioritizing analytic aiding opportunities was
developed. The methodology employed a hierarchical model to assess the
relative importance and feasibility of each aiding opportunity. The
methodology was consistently applied to the G3 analytic aiding opportunities
to generate a recommended priority list for aid development. Table 3-E lists
the aiding opportunities in order of adjusted rank.

b. Sensitivity analysis. A limited sensitivity analysis was performed to
examine the relationships between adjusted scores, raw scores, scores based
solely on feasibility, and scores based solely on importance, Graphiral
analysis was the primary technique employed to investigate sensitivity. The
four sets of scores were displayed in stem and leaf plots and scatter plots.
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Teule 1-2. G3 Hain foraal products

OPORD *
Task Organization
Situation
Mission
Execution
Service Support
Command and Signal
Fire Support Annex
Air Defense Annex
Engineer Annex
Obstacle Appendix
Denial Appendix
~ ADM Appendix
Deception Annex
Ariny Aviation Annex
Rear Area Protection Annex
Operations Security Annex
Airspace Management Annex
Psychaological Operations Annex
Civil Affairs Annex
CE Annex
NBC COefense Annex
Cnemical Support Annex
Service Support Annex
Task Organization Annex
. Intelligence Annex
Electronic Wartare Annex
. Road Movement Annex
’ Air Movement Annex
Operations Overlay Annex
warning Order
Frag Order
Movement Orger
i Admin/Logistics Order
Aircraft Mission Request (Army Aviation) :
Artillery Situation Report
Air Reyuest/Task Message (Pre-planned)
ADM Target Folder
: Post Strike Analysis (Nuclear Strike)
' Chemical Strike Warning
Nuclear Strice Warning
ECM Daily Summary
Electronic Warfare Support Measures (ESM) Report
Engineer Barrier Report

Engineer Mission Coordination Sneet N
Engineer Trace Report ’\fh
Engineer Situation Report ﬁ:}

R

* OPLAN is not included separately; difference between UPORD and OPLAN is

that OPLAN contains assumptions and specifies the time or conditions under :{3

_ wnicn it will pe placed into effect. R
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Table 1-f. G2 Hain forwmal products (concluded)

Engineer Report-Damage

Air Defens2 Status Report

Aircraft Hostile Fire Report

Air Defense Engagement Report

Commander's Situation Report {SitRep)

Unit Location Update

Commanyg, Control and Commnunication CH Spt Request
Minefield Report

Engineer Spot RrRaport

Air Request/Task Message (Immediate)

PSYREP

Spot PSYREP

Airspace Management Prucedures Reguest

ECM Mission Request

Intelligence Summary

NBC 1 (Opserver's Initial Report)

NBEC 2 (Evaluatea Data Report)

NBC 3 (Immediate Warn of Expected Contan)
NBC 5 (Rpt of Areas of Actual Contam)

NEC 6 (Detailed Information on Cnem/Bio Attack)
N8C Downwinu Message

MIJI Report

0PSEC Spot Report

Reyuired Amaunition Supply Rate (RSR) Report
PSYOP Support Reguest

Movement Code

Training Plans

Maintain/Upuate TSOP

Nuclear Release Request

Chemical Release Reguest

Table 2-E. 63 Main implied products

Mission Analysis

Operations Estimate

Directed Staff Estimates
Briefings

maintain tne Current Situation
Project Unit Status

Project Critical Snortages
Maintain the Staff Journal
Allocate/Prioritze Replacement Personnel, Materiel and Units
Maintain the Troop List
Exchange of Information
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Tahle 3-E. Analytic aiding opnurtunitizs (adjusied rank orcar)

(continued on following pages)

ABSOLUTE CJuSTED AUJUSTED
AID DESCRIPTOR AlD ADJUSTED RAW RANK IMPORTANCE  FEASIBILITY
10# RANK RANK CIFF RANK RANK

Unit Movement Planner 3-51 ] ] 0 1 12 )
Force Movement Anaiyzer 3-24 2 3 1 2 N :ﬁﬂ
Air Movement Analyzer 3-04 3 4 1 4 19 :ij
Fuel Consumption Rates  3-26 4 5 1 7 10 ¥
Air Movement Planner 3-05 5 2 3 13 3
Assiyn Critical Replace-  3-03 ) 6 0 T 12

ment Units, Personnel,

ang Materiel
Terrain Management 3-46 7 12 5 10 29
Denial Preparation 3-19 8 22 14 12 30
Time Analyzer 3-47 9 7 2 28 a4
Pre-Position Decontamina- 3-18 10 17 7 15 27

tion Supplies
Compare Alternate Courses 3-13 i 4?2 31 3 49

of Action
Obstacle Preparation 3-31 12 14 2 17 28
Predict Contamination 3-39 13 9 4 36 2

(10 Affected Units)
Forecast Unit Status 3-52 14 30 16 ) 40
Cnemical Effects 3-20 15 18 3 23 18

Predgiction
Expenditure Rates (FS) 3-22 16 11 5 33 6
Basic Load Allocations 3-10 17 8 9 42 ]
Nuclear Effects Preaiction 3-21 18 16 2 30 15
Aircraft Asset Analyzer 3-02 19 10 9 26 21 -
Priorities of Fire (FS)  3-40 20 24 4 18 32 \d
Priorities/Allocation 3-38 21 33 12 9 43 N

(ADA) S
Rear Area Protection 3-41 22 39 17 8 45 g

Capapilities g
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P Taple -f. Znslytic :iaiang oppiriunitiss (3ciusted rank oraee’
X (continued)
&
Y AZSOLUTE  AGJUSTED GJUSTED
w AID DESCRIPTOR AID ADJUSTED RAW RANK IMPORTANCE FEASIBILITY
N 10# RANK RANK CIFF RANK RANK
i
3 Troop Exposure (NBC) 3-50 23 19 4 35 17
- Evaluate Damage Repair 3-17 24 27 3 21 3
Alternatives .
Forecast Tuue Replace- 3-25 25 13 12 39 9
ment (FS)
Faorecast Usage Rates 3-53 26 23 3 32 23
{RSR)
Allocate CAS ana RECCE 3-11 27 23 i N 28
Controlled Supply Rate 3-15 28 13 15 43 7
(CSR)
Ruute Evaluation (AYN) 3-44 29 35 0 5 52
: ADM Employwent 3-33 30 29 1 38 20
2 Task Organization 3-45 31 3 0 22 34
- Target Allocation 3-48 32 25 7 40 16
(Chemical)
% Aircraft Reguirements 3-03 33 32 | 25 35
. Prescribed Nuclear 3-37 34* 26 8 37 22
.; Load (PNL)
£ Prescrioed Cnemical 3-36 34 26 8 37 22
Load (PCL)
Optimal Friendly Employ- 3-34 35 36 ! 14 44
, ment {(EW)
’ Organize for Comoat (FS)  3-35 36 37 1 24 36
Allocate Engineer Re- 3-07 37 15 22 4] 26 2
sources Eia
RS
&
% DA
v * Ties were allowed for ranks. PCL and PNL had a tie for all scoring scnemes. Tnerefore, -
b tne adjusted ranks ranged from 1-52 for a total of 53 aiding opportunities. 55
¢ 0
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Tabie 3-5. fnalytic alding 27portunitiss ©a.jusi=l rark orcar)

{conciuced)

NI R M) XX

RESOLUTE  ALuoTED ADJUSTED A
A10 DESCRIPTOR ATU ADJUSTED RAW RANK IMPORTANCE FEASIBILITY r
“D3 RANK RANK GIFF RANK RANK
Target Susceptibility 3-49 38 34 4 27 37 >
(18C) ]
Fallout Prediction 3-23 39 21 18 a8 3 N
(Nuclear) E;
Hezard Areas (NoC) 3-27 40 20 20 a4 14 M
Allocate Replacements 3-06 a1 43 2 16 43
Ovstacle Emplacement Plan 3-30 42 4 1 29 39 LL
Integrate CAS (FS) 3-28 43 44 ] 20 42 f?
Relative Cowbat Power 3-42 a4 45 ] 34 33 =
Control Procedure (A2C2) 3-14 45 46 1 19 51 ot
Mo Effects Evaluation  3-29 46 3 : a7 2 7
Post-Strike Analysis 3-1lo 47 31 16 50 5 S
(Nuclear) j;
Oeterwine Replacement 3-43 43 a7 1 44 a1 i
Priorities ;:
Aliocate Critical Assets  3-01 49 40 9 51 33 -
(ECM) >
Assign PSYOP Assets 3-09 50 a9 ] 46 47 -
Obstacle Effectiveness 3-12 51 48 3 49 46 :l;
PSYOP Effectiverness 3-32 52 50 2 52 50 o
* Ties were alloweu for ranks. PCL and PNL nad a tie for all scoring scnenes. Therefore, %;
tne adjusted ranks ranged from 1-52 for a total of 53 aiaing opportunities. .fr
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(1) Comparison of leaf plots. Five analytic aids consistently scored .
in the top two cells across all scoring schemes. The specific aiding E
opportunities are: Air Movement Analyzer, Fuel Consumption Rates, Assign -
Critical Replacements, Unit Movement Planner, and Force Movement Analyzer,
These aids were robust across all scoring schemes., Figure 2-E shows a leaf
plot of aids based on adjusted scores.

KA

’,

(2) Comparison of scatter plots. .raphical techniques were also
o employed to examine the relationships between adjusted, raw, importance, and G
o feasibility ranks. Figure 3-E shows a scatter plot comparison of adjusted
. ranks and raw ranks, This figure shows that the top four aids were dominant
(low rank) for both raw and adjusted ranking procedures. Further, the bottom
five aids were consistently inferior. However, in the rank interval 5-47
there was a great amount of variability between raw and adjusted ranks.
Additional scatter plots are in appendix I,

Aot

(3) Conclusions from sensitivity analysis. Of the top 20 aids, based
on adjusted score, six consistently ranked in the top 20 over all n
scoring/ranking schemes, Aids in the midrange (approximately 10-40) are
highly sensitive to the effects of alternative subcriteria weights.

S

. c. Limitations. =

: (1) The analysis was based on the best available doctrinal literature -
A and references documenting aiding technologies. However, a corps heidguarters .

ARTEP has not been developed and the division headquarters ARTEP is under '
- revision., The Combined Arms Training Activity (CATA) is working to

B standardize the critical tasks at division and corps, but a doctrinally R
. approved and operationally validated consolidated list does not currently e
A exist, "In many cases, substantial additional research, experimentation, and .
" field observation will be required prior to development of specific automated c

aids which will actually improve performance. <

{; (2) Though analytic techniques were decomposed in the targeting
S process, it is possible that a combination of analytic techniques may be
. embedded in a single aid.

= (3) The possibility exists that analytic aids will evolve as the

Y

s
L
»

- automated environment and the literacy of automation users mature. In this
N event, an application which initially employs math model techniques might -
. later be revised to use artificial intelligence technigues. T
:: 6. CONCLUSIONS. The following conclusions resulted from the G3 analysis, ;f
N o
; a. The objectives of the G3 analysis were accomplished. i
“? b. Specific opportunities for aiding the performance of the G3 during N
" tactical operations were identified and appropriate aiding technologies were 3
v targeted. -
A -
¢. Fifty-three distinct G3 analytic aiding opportunities were identified, ?g
= S
Lt Py
X xvi -
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d. Criteria of iniportancs anag reasidiiity provide a ralionil pasis For
privritizing analytic aid development. The two primary criteria can be

Bl

furtner decomposed to facilitate assessment nf relevant factors -
such as development cost, training, frequency of product development, and ::;
potential time savings. N o
.

|"..‘ y

e. A recommended priority for davelopment of 52 analytic aids was o

compiled based on the above Criteria using a nierarcnical prioritization

3

structure. Tne five aids wnicn consistently ranked at tne top or the priority 2
list are Air Movement Analyzer, Assign Critical Replacements, Force Movement ;\
Analyzer, Fuel Consumption Rates, and Unit Movement Planner. e

f. Additional researcn, field observation, and experimentation are e

required to define and standardize 63 tasks and products.

g. The methodology employed to analyze tne G3 Main may be applied to
otner functional areas to identify and pricritize development of autnmated s-
aias.

n. The prioritizea list of G3 analytic aiding opportunities provides a {E;

rational basis for focused development of decision aid prototypes.

7. RECOMMENDATIONS. e
a. Tnat trie 3 analysis pe approved as an accurate, comprehensive study e

wnich identifies and prioritizes G3 aiding oppor*unities pased on current e

doctrine, "

p. Tnat tne 63 analysis be presented to tne Compat Developer (C3I, CACCA)
to assist in focused development of decision aids for the Maneuver Control
System (MCS).

c. Tnat G3 Main products and tasks be stanuardized to enable efficient v
training of nigh-performing staffs and to facilitate rapid, successful iy
transition from a manual to an automated U.S. Army Tactical Commana and -
Control System. ' A

d. Tnat tne analytic methodology described in tnis report be approved as A
an appropriate methodology for identifying aiding opportunities in battlefield T
functional areas.

e. Tnat increased empnasis be placed on analysis of tne command and S

control process througnh observation and experimentation to define tne process o
and to iinprove procedures within the process. NS
e
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1. INTRODUCTION.

a. Purpose. Tne purpose of tnis report is to ducwient an analysis of tne
G3 section of U.S. Army corps and division main commnand posts {3 Main). Tne
purposec of the G3 analysis was to identify opportunities for aiding tne
performance of tne G3 during tactical operations througn the use of computer
appli:ations. Tne G3 analysis was performed by tne Comnand Control Analysis
Division (CCAD), Studies and Analysis Directorate (SAD), Combined Arms
Operacions Researcn Activity (CAORA) during tne period January - July 1985.
Tne 63 analysis was a substudy of the Combinea Arms Cénter (CAC) Command and
staff Decision Aids Project. Tne G3 analysis was performed to assist tne
Combined Arms Combat Jevelopments Activity (CACDA) to refine requirements for
softtware applications on tactical automated systems.

b. Problem statement. Tne analysis documented in this report was
performed to assist CACDA by answering tne foilowing questions:

(1) Wnat are tne opportunities for aiding the performance of the G3
during tactical operations tnrough tne use of computer applications?

(2) What aiding opportunities require analytic tecnniques wnhich
transfora tactical data into meaningful decision information (analytic aids)?

{3) What criteria snhould be applied to prioritize analytic aid
development?

(4) Wnat is tne recommended development priority for G3 analytic
aiding opportunities?

C. Backgrouna. Tne CAC Command ana Staff Decision Aids Project was
establisned in response to a February 1984 girective from Commander, Training
ana Coctrine Command (TRADCC), wnicn tasked the Combined Arms Center "...to
initiate an effort leading to the use of advanced technology systems to nelp
tne field cummnander and his staff in deciding on a course of action in
critical battlefield situations...” and to "...descripe additional work to be
done to develop means by which commanders can use computers to improve
decision making." Project guidance called for a constrained effort initially
to identify ongoing efforts and to "...determine gains whicn might be realized
py increasing the effort." Tnhe Command, Control, Communications, and
Intelligence Directorate (C31), CACDA, was designated as tne CAC lead for the
Command and Staff Decision Aids Project. C3I, CACDA, requested CAORA support
in a constrained project to develop a prototype application and to analyze
opportunities for expanded application development in support of evolving
automated pattlefielu control systems. Tne G3 analysis documents identifiea
opportunities for application development in support of the G3 Main.
Concurrently, CAORA developed an Integrated Unit Movement Planning Aid
(MOVEPLAN) as a “proof of principle” prototype to refine tnhe application
developiient process. The MOVEPLAN prototype will provide a near-term
capability to field users and a validated software requirement to the materiel
develoger.

Vel e DR TR

" - T I L PR E M P S

L e . T . . Tt = .
L3 - - - - - . - . Ny . TeT . -, RPN S b * * -

- waTe e e e e T e L P e v e e et L SR R
PRV PP A T ‘M“‘ PR R R W R W W WA S I S i R T

Aadal b

W Wy N,

ikal O




-

T T Py

SOOI A A IS SR IL  ae LN ERARCAACEA

d. Apbroacn. ine geénerai approacn employed to iuentiry ing prioritize
opportunities tor aiding tne perforinance of the (3 during tactical operations
was a structured functional analysis uf tne 63 Main., Tne structured
functional analysis, depicted in fiqgure 1, focusea on tne goctrinal 33 Main
tas<s and products to develsp gualitative assesstents of aiding
opportunities. Tne analysts recognized that the specific manner of task
perforrance and tne forms of products may vary from comnand to command, but
that underlying opportinities for aiding performance have potential for
transter across commanas. Tne detailed analysis methoaology is descrived in
paragraph 3.

e. Report organization. Tnis report is organized in tw0 volumes.
Yolume | provides an executive summary and a main report wnich reflect
analysis objectives, analysis metnodology, assumptions, analysis nignligtits,
conclusions, and recommendations. Volume I is designed as a ready reference
for stand-alone use. Volume Il provides additional tecnnical information ang
functional descriptions wnich supported the analysis. Appropriate lists,
figures, and taoles are included in tne main report to clarify tne analysis
methodology, analysis, and conclusions.

2. OBJECTIVES. Tne following objectivas were established to accomplish the
G3 analysis:

a. Identify tne 63 Main critical tasxs.

b. Identify tne 63 Main products wnich are supported by tne critical
tasks.

¢. ldentify a taxonomy of aiding tecnnologies.

d. Assess tne potential of identified tecnnologies to aid G3 Main
performance.

e. For tnose products wnicn reguire analytic aidging technologies, assess
the appropriateness of alternative analytic techniques.

f. Develop a metnodology for prioritizing analytic aiding opportunities.

g. Prioritize analytic aiding opportunities based on appropriate
criteria.

h. ODocument tne analysis with appropriate findings and recommendations.

3. METHODOLOGY. A sequential methodology was developed to accomplish the
analysis objectives. A flow diagram of the major steps in the metnodology is
snown in figure 1. The following subparagraphs proviae a description of eacn
element of tne analysis metncdoloygy.

a. Acquire expertise. CAORA analysts performed an extensive review of
doctrinal literature and related studies, consulted with subject-matter
experts, ooserved G3 activitiec curing REFORGER, and studied historical
reports. The principal product of tnis step was an initial foundation of
knowleage apout 3 Main activities. A secondary product was development of a
liprary of reference materials to support the analysis. Controlled experi-
ments, surveys, interviews, and structurea observations of command posts were
considered but were not feasible in tne initial constrained analysis effort.

2
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were identifiel using doctrin:! pudlications. hext, tne evgertise acquireg o

from {1terature, consultation, ans 11.ited riels ocuServation was focusen to [ 8

compile a list of 63 Hain critizal tasks. Thne task list was refined by =
Cross-Cnelking cuocirinzl IMterzture (FH Q1.5 A-TE2 J2C.2 0 FC 01-58), o

tecnnical reports {CAGRA TR 1-85, CC52 functional analyses}), and cobtaining N

requireu clariticalion rrom subject-natter experts. Tne principal (3 :3

activities were ogecomposed to define specific tasks. A task reference sneet &i

was tnen develioped Lo provide a orief gescription of tr2 elements of eacn task. K

¢c. ladentify G3 Main products. Tecnnigues similar to the task analysis e

were appiled to 1centiry tne princival G3 Main procucts. The sources for tas< o

analysis were used as well as CACRA's Command Information CJatacase (CID) wnicn -

facilitates cross-mapping of taesks to the progucts anicn tney support. Tne ;

CID was developeda fromn detailed analysis of five corps and nine division i*

tactica) standing operating procedures (TSOP) ana cuctrinal literature. Tne
CID assisted analysts in refining the list of G3 Main products reflected in
doctrinal literature.

2y

.

a. ldentify aiging tecnnoligies. A review of computer science,
information system, and decision support literature clarified a classification
scnene of aiding tecnnoloygias. Tne consistent taxonomy Jecomuose2a aiaing
tecnnologies into information processing tecnniques, user interface
teunniyues, and analytic tecnnigues. Analytic tecnniyues were rurtner
subdivided into categories of artificial intelligence (Al), matnematical
mouels, nptiwization tecnnigues, computer simulations, and Q=CISicn analysis.
Tne taxonomy enabled tne targeting of appropriate technologies to aiding
opportunities juentifizd during tne detaileg task and product &nalysis. orief
descriptions follow.
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(1) Information processing. Information processing tecnnolougi:s
encompass architectural capabilities innerent to automated information
prucessing. Some example tecnnologies in the class 1nclude inforsation
storage, access, security, distripution, and communications. Specific
realizations of tnese tecnnoiogies are UNIX, DbASE I, anc E£lectrounic Mail.

;T4
« f
.‘l" ’

(2) User interface. User interface tecnhnologies include haraware and
software developments wnicn ennance tne capability ot a human operator to

interact with an automated information system. Typical examples in tnis class o
are nelp menus, 1nteractive tools such &8s tne mouse and bit tablet, grapnic E:
displays, standard format prompts, touch-sensitive screens, and voice input or .
output. A
vl

.-

(3) Analytic tecnnigues. Apalytic tecnniques are emnbcdded or S

adaptable relational models wnich transform data wnicn resides in the
gataoase. Tne transtorination process gual is to yield meaningtul information
trom existing or readily-available data. In many cases, the analytic

tecnniques nave existed and been refined in a manual operating ervironuent but o
speed, yuality, and numper of processing steps nave been expanded in an t5
automateg envirconuent. However, as n tne case of Al, emerging analytic <
tecnniques nave also been identified for potential aiding of numan ;,
performance. Tne analytic technologies were furtner decomposed to focus <
analytic aiding opportunities. A orief description of each category is z
proviaged below.
4
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(a) ~rtiticial intelivgznce a1, -1 tesnni, es refer o
applications wnich employ inference rules based on expert knowledge. ne
analysts could not assess tne preferences of Al tu otner analytic aiging
alternatives due to the relative immaturity of AI. However, the JARPA
Strategic Computing Progran and otner initiatives may clarity the role of Al
as a sound analytic technique.

“
[

(b) M™Matnematical models (MM). wmatn models encompass
straightforwara computational tecnniques whicn utilize pasic relations'tips to
oubtain information. Examples are:

distance = rate X time
sectur torce ratio = value of enemy torces in sector
value ot friendly torces in sector

Information processing and user interface technologies (DBASE II, LOTUS 1, 2,

.3) Tacilitate tne use of matn mogels in an automated enviromnent.
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(c) Optimization tecnhniques (OT). Optimization techniques
employ operaticns analysis metnoas to searcn for a "best" solution. 0T
generally requires definition of an objective function (optimization criteria)
ana a statement of constraints. Exampl2 OT applications are linear
programming, goal programming, and networks. In some cases, OT methods may
interact witn neuristic, perhaps Al tecnniques, t¢ yield a "pest feasiple”
solution unger operator control.

(o) Simulation (SIM). Simutations are event- ur time-sequenceu
niogels which may have math models or optimization technigues embedded.
Simulations facilitate tne investigation of variaole relationsnips over time
or some other designated ingependent variaole(s). Example simulations incluge
deterministic or stochastic (propabilistic) war games or queuing mncdels.

(e} Decision analysis (DA). DA techniques employ game tneory,
utility/value mogels, or decision trees to examine alternative strategyies.
Use of a decision payoff matrix, whicn seeks a dominant ocutcome for a given
alternative, is a DA metnoa.

e. Assess aiding opportunities. An initial qualitative assessment was
made to determine opportunities for aiding tne development of G3 Main
products. Tne qualitative assessment was based on a general knuwleuge of
aiding tecnnologies, both current and projected, and a detailed understanding
of tne products and tne tasks wnicn support proauct development. This initial
screening considered frequency of product development, time and coordination
reyuired, task/product complexity, and training and experience requirea to
develop tne product.

f. Target aiging tecnnologies to aiding opportunities. For eacn product
with assessed potential for technological aiding, a further judgment was made
concerning tne specific aiding tecnnolagies wnicn could be applieda. A more
detailed understanding of aiding technologies was required to make this
assessment. Tne assessment furtner ranked tne potential or "competing"
analytic tecnnologies to satisfy the identified opportunity.
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g. List 63 products and appropriate ai.inc tecnnolegies. tacn 63 dain
product ana 1ts supporting tas<s were examined to deterinine wnether the three
aiding tecnnologies - analytic, information processing, or user interface -
mignt be usefl., A matrix was developed to list tne products and to identify
tn2 appropriat2 technologies for eacn. In addition, for tnose products whicn
were assessed to have potential for analytic aiding, a description of tne
specific analytic aid was developed. An assessiment w~as tnen made concerning
the appropriateness of alternative analytic aiding technologies. A brief cid
descriptor (name) was tnen assigned.

n. Develop a prioritization methodology.

(1) A metnodology was required to prioritize tne aiding
opportunities since infinite resources are not available for development.
Alternative tecnniques for structuring preferences were investigated.

Specific techniques considered were decision tables using dominance or minimax
decision criteria and a nierarcnical model ceveloped by Thomas L. Saaty
(reference 13). An approacn whicn provided discrimination between competing
aiding opportunities was desired. Ue¢ision tavles would identify groups of
aids witn similar dominance or minimax characteristics but would not provide
information avout differences witnin groups of aids. Saaty's analytic
nierarcny process {AHP) provided an objective metnod to obtain a priority
value for eacn individual aid. Tne pasic metnhodology applied, using Saaty's
tecnnique, was to formulate a hierarcny of separable criteria to evaluate eacn
aiding opportunity. A method of pairwise couparisons was employed to
determine tne relative utility (weignt) of eac" criteria. A commercial
software application, "Expert Cnoice," facilitatad the computation of criteria
values. Figure 2 depicts the nierarcny wnich was developed to evaluate each
aid individually and then to obtain a weignted score for each aid relative to
all otner aids. A worksheet was developed for individual aid evaluation. An
exanple of tne worksheet is provided at figure 3.

(2) Criteria for expressing preferences were developed. The primary
criteria of importance and feasibility were selected pased on a review of
information system literature and current application development experience.
Importance encompasses tne factors wnich contripute to improved G3
effectiveness. Feasipility encompasses considerations of major costs
associated witn developing, training users, fielding, and maintaining
applications. The two primary criteria were further decomposed into three
subcriteria for eacn. Tne primary criterion of importance was decomposed to
subcriteria of frequency of use, estimated time and quality savings, and the
extent to wnich tre aid supports tne Division Cummander's Critical Infurmation
Requirements (CCIR}. Tne primary criterion of feasioility was decomposed to
subcriteria of cost, operational environment, and tecnnical capability. A
discussion of eacn subcriterion is provided in the following subparagraphs.

(a) Tlmportance.

1 Frequency. Tnis subcriterion of importance was used to
assess the frequency of potential use of a specific aid in a 24-hour period
during mid- to nign-intensity combat operations. The premise was that aids
which are used repeatedly have nignher utility than those which are used
infrequently.
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AID FRIORITIZATION WLRHSHEET

1. fidtestaieiir: Ja o £ e vt d C e
J
2. AID LUMBER: 3.-45

3. PRODUCT SUPPCRTED: CFCRD (\j(k s L qa . Al t(c—m}

J
4. PRIMARY ALALYTIC TECHNIQUE: Aiciwlom Ct-f'lél‘—?/ii*

5. SUPPORTING ANALYTIC TECHNIQUE(S): d,LtLZLCchxt'mawac .us,7/’um77ufull

6. TASK(S) SUPPORTED (BY NuiBER): /o, /b, Sa
7. CCIR SUPPORTED (TOTAL HUMBER): //

8. BRIEF AID DESCRIPTION: Jhuw aid iv a(Ld.t:ZlnCC( fe é,-qja.fnl/zg ’
".14_‘;_{ O 77 LeE eé'v\'/ 'ffzbuu )

Cornbat Aupps s writs Lo Combat
ULt ATatte, ¢ Te- -
9. RANKING BY SCALES (IMPORTANCE):

a. Frequency (Low, High)

L 1 < v L - ! ' i
0 AN 10

Time and Quality Savings (Small, Llarge)

L { | ! AN | 1Y [ 1 L !
0 A 10

CCIR (Few, Many)

1 "l"J"l‘,Y'l { I B LA R |
0 \ 5 10

10. RANKING BY SCALES (FEASIBILITY):

a. Operational (Low, High)

Lo oy gy ,/yl | L , ,
0 5 \ 10
b. Economical (High Cost, Low Cost)

ERRERE RN AL AR RN NN R RN
0 /\s 10
c. Technical (High Risk, Low Risk)
['l[f[lllf[f.'ll]ilMl'll[’llllllY!]l#l!J‘l"l"“J
0 5 /\ 10

TOTAL SCORES:

Figure 3. Example aid prioritization worksheet
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~4.3  .[0] 49

ot 198 1.320°9

A3 .360 [1./%8
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L.5 095 ,6/%

30.5 1.000 4 27
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2 Tiae ang quality savings. Tais subCriterion of 2
importance was used to assess tne potential for more rapid product developinent [ - A
and improved product yuality for a single 1teration. Factors considered in o
the assessment were task/product complexity, number of variaples considerea, ‘%5

product content/volume, ang traininyg or coupatence reguired for effective task
performance. The underlying premise was tnat aids wnich reduce time and
imp.ove quality during a single product iteration nave nigner utility than
those aids whicn savs little time or quality.

_
52

3 CCIR. Each aid was rated on a ratio scale baseu on tne
number of major subcategories of CCIR whicn it supported. Tne underlying
premise was tiaat aid utility increases witn increasing production/support of
CCIK.

el
o

AT
e
PULNEN

,
e
l:‘.

Y

)

(v) Feasipility.

1 Operational. Eacn aid was considered in terms of costs
associated with tne operational environment. Factors considered were aid ;
transparency and user literacy. Tne unagerlving premise was that transparent o
aids wnicn minimize requirements for training (user literacy) have tnhe highest s
utilitv.

PSR N

2 Economical. Eacn aid was considered in terwms of costs
required for research to refine requirements, prototype development,
maintenance and training, nardware availability, ana fielding/conversion of
systems. Tne underlying premise was that a near complete, straightforward,
easily supported prototype nas tne nignest utility.

3 Technical. Eacn aid was considered in terms of the
eristence of near-térm or current tecnnoloyies for aid development ang
fielding. Tnis was pasically a risk assessment. Factors considered incluaged
communications, automation, software development t2cnnolagies, data
availability, anc maturity of analytic techniyues. The underlying premise was
tnat applications wnich are dependent on existing, well-established
technologies are minimal risk candidates.

i. Prioritize analytic aid candidates. For eacn aid requiring analytic
techniques, a prioritization worksneet was prepared and an assessment was
recoraed py CAORA analysts for eacn subcriterion of importance and
feasibility. An interval scale was used to express the extent to which each
potential analytic aiag satisfied each subcriterion. Tne transition to a focus .
on analytic aids was based on the recognition tnat the combat developer and L
materiel developer are making progress in tnhe application of information -

processing and interface tecnnologies but are experiencing difficulty defining '{}
requirements for analytic tecnniques to support tactical commanders and their "
staffs. For eacn aid, the analysts reviewed tne relevant materials to better =
understand tue purpose of tne aid, the potential analytic tecnniques, and tne ::¢
extent of support to tne CCIR. A mapping was made to determine which CCIR M
subcateqgories were required or would be produced by the aid. After discus- .{y
sion, a consensus was obtained concerning tne ranking of the aid for eacn S
subcriterion. The result wis a raw score for each subcriterion. Tne raw X

scores were added to obtain a total raw score for eacn aid. The total raw
score reflects tne value of each aid if all criteria (importance, feasibility)
and the six subcriteria are equally weignted. Weights for tne criteria of
importance and feasipility were obtained by tne metnod of pairwise comparison.
Witnin eacnh criterion, relative weignts were obtained for the subcriteria
using tne same metnod. Tne relative weignt of eacn subcriterion was
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multiplied by the weignt of its corresponding criterion to obtain six
subcriteria weignts that are comparable across criteria and sum to one, Tnese
relative weights were multiplied by raw subcriteria scores to obtain adjusted
subcriteria scores, Adjusted subcriteria scores were then added to obtain an
adjusted tatal score for each aid. The adjusted total score was the primary
basis for recommended priority for development of potential aid candidates.

> * 8 & a

Jj. Conduct sensitivity analysis. Weighting of criteria and the structure
of the hierarchy were varied to examine the sensitivity of the prioritized
1ist to the methodology. A limited sensitivity analysis was performed to
examine the relationships between adjusted scores, raw scores, scores based

. solely on feasibility, and scores based solely on importance, Graphical
analysis, utilizing leaf plots and scatter plots, was the primary technique
employed to investigate sensitivity. It is important to emphasize that the
methodology embedded a sensitivity data collection scheme, since the raw
scores reflect an equal weighting of utilities across subcriteria, while the
adjusted scores reflect the net effect of the pairwise comparison of
subcriteria and criteria.

‘ k. Document analysis. The results of the analysis were compiled and
v recorded in a two-volume technical report. A briefing was prepared to present
' results and recommendations to decision makers,

4. ASSUMPTIONS. The following assumptions apply to the analysis in this
document .

a. Near-term (five-year) requirements for automation at G3 Main will
include various commercial microcomputer systems and the Maneuver Control
System (MCS).

.
1) ”

. b. Doctrinal literature and TSOP accurately describe G3 products and
tasks. Additionally, the current doctrinal literature and TSOP will remain in
. effect for the near term.

c. The CCIR, published by CACDA, are baseline information reguirements
and are subject to modification or validation by a working group of corps
commanders.

d. A purpose of tactical automation is to improve the performance of the
tactical commander and staff.

-' e. G3 products and tasks are similar at corps and division and are
similar for different type corps and divisions.

f. Bias of military and civilian analysts in making judgments about
importance and feasibility of analytic aids can be reduced.

5. RESULTS. Key results of the analysis are provided in this section.

) a. (3 Main critical tasks.

(1) Before G3 Main critical tasks were determined, the study team

N identified the soldiers who work at G3 Main, FC 101-55, "Corps and Division
Command and Control,* provided a model for the command post organization of a
heavy division. From that model, a list of soldiers in the G3 section at the
main command post and a 1ist showing their location in the current operations

10
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or plans ol werz curived. The [1StS, sn~an in advuindix o, werd reinforce.
by tne Table of Urganization and Equipment (TGt) tor HHC heavy Division (Army
of Excellence), TOE 8700434 1J, | April 1904,

(2) Four primary documents were analyzeu to identify and define G3
vlain critical tasks. A comparison malrix was orgenized tu reflzct tne
documents whicn validated eacn task. Tne matrix facilitated identification of
gaps or Jifferences belween dJocuments. Tne comparison matrix is shown at
tanle 1. Seven major 63 functions composed of a tot:l of 43 critical tasks
were identitied ang compilea. Differences across docuinents were not
significant; nowever, tne potential utility of a single comprenensive,
goctrinally approved w3 critical task list was nignlignted by tne analysis. A
1ist currently exists in FC 101-55 whicn may aeserve review ana revision as
Snown by tne comparison matrix disparities.

(3) A separate reference sneet was prepared to delineate tne key
elements of eacn major function and critical task. Tne reference sneets wszre
Key documents wnicn supported the assessment of aiaing opportunities. An
example task refarence sheet is snown at figure 4; tne cociplete set of 50
reference sneets is in appendix D. As an exanple, note that a subtask for
successful urganization tor coibat is estimation of numoers and types of units
to be organized and prioritized. This subtask implies an opportunity for
analytic aiding,

0. 63 Main products. A detailed analysis or 63 tasxs, doctrinal
literature, TSOP, and the CID resulted in tne compilation of G3 information
products. Ine products were divided into two cateyories: formel anc implied.
Forimal products were defined as standard documents produced and disseminated
by the 3. Luplied products were materials generally developed by the 63 for
internal use or for informal coordination. Forty-eignt formal products and 1]
implied products were identifiec or the 33 Main. Listings of tnz formal and
jmplied proaucts are provided i cables 2 and 3. One formal product of tne G3
is Task Organization, wnicn mas 2 disseminatea as a main elewent or tne
Operations Order, as an annex ‘he Qperations Order, or as an element of a
Warriing Order or Fragmentary Or Tne task, Organize units four compat,
supports tne development of the p. ~t Task Organization. Tne relationsnip
of task, subtask, and product was ke, tne analysis process wnicn lea to tne
identification of opportunities to aid -~ing tne aevelopment of G3 products.

¢. Assessment of aiding opportunities.

(1) A classification scnheme of aiding tecnnologies was developed
using computer science, information system, and decision support literature.
Tne taxonumy decomposed aiaing technologies into infurmation processing
tecnniques, user interface tecnnigues, ana analytic tecnniques. Analytic
tecnniques were furtner subdivided into categories of artificial intelligence
(A1), matnematical models, optimization tecnniques, computer simulations, and
decision analysis (DA).

(2) A list of G3 Main products and the 63 Main tasks whicn support
their development was compiled using tne CID. Tnis list enabled analysts to
examine task, sudtask, and product and to assess aiding opportunities. Figure
5 shows the tasks wnich support the product Task Organization. A complete
1ist of products and supporting tasks is contained in appendix G. For tne
Task Organization example, tne assessment at tnis point in the analysis was
tnat an aiding opportunity did exist.
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SAMPLE TASK REFERENCE SHEET

G3 TASK REFEREMCE SHEET 1o

TASK: Organize and equip units for combat.

SUPPORTING DOCUMENTS: ARTEP 100-2, FM 101-5.

TASK DECOMPOSITION:

a. Compile and maintain the troop list to include continual review and
revision to ensure that the numoer and type of units assigned are tnose
whicn can pest accumplisn and support tne comnand mission.

b. Recommend the organization and equipping of units: estimate numbers
and types of units to oe organized and priority for pnase-in or replacement
of personnel and equipment in those units.

C. Recommend assigmnent or dttachment of combat, combat service support
units or teams, and unit repidacements; assign such units witnin the command
in accoruance witn reguirements of the situation.

d. Receive and process assigned units or teams to include such
orientation, training, and reorganization as may be required. Prepare plan
to activate and deactivate units. Prepare nlans for modilization and
demicoilizaction.

e. Tnis tasx 1s successfully accomplisned if the unit prioritizes

assignment of replacements to subordinate units
manner wnicn will mass superior combat power at

Offense: As a general guide, tne force
power) of tne triendly force to tne enemy force
the point of tne main effort.

Defense: As a general guide, tne force
power) of the friendly force to the enemy force
at the point of tne enemy main attack.

1 Tnese furce ratio guidelines for offense and
ARTEP 100-2.

ang task organizes in a
tne critical time and place.

ratio (relative combat
should be 5:1 or better at
ratio (relative combat

should be no worse than 1:3

defense are taken from

Figure 4.

Example G3 task reference sheet
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9
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OPORD =
Task OUrganization
Situation
Mission

Execution
Service Support
Command and Signal
Fire Support Annex
Air Uefense Annex
Engineer Annex
Obstacle Appenaix
Oenial Appendix
ADM Appendix
Deception Annex
Army Aviation Annex
Rear Area Protection Annex
Operations Security Annex
Airspace Management Annex
Psychological Operations Annex
Civil Affairs Annex
CE Annex
N8C Defense Annex
Cnemical Support Annex
Ser vice Support Annex
Task Organization Annex
Intelligence Annex
Electronic Warfare Annex
Ruau Movemnent Annex
Air dovement Annex
Operations Overlay Annex
Warning Crder
Fray Qraer
Movement Order
Aamin/Logistics Order
Aircraft Mission Request (Army Aviation)
Artiliery Situation Report
Air Request/Task Message (Pre-plannea)
AQM Target Folder .
Post Strice Analysis (Nuclear Strike)
Cnemical Strike Warning
NuCiear Strike Warning
ECM Daily Summary
Electronic Warfare Support Measures (ESM) Report
Engineer Barrier Report
Engineer Mission Coordination Sneet
Engineer Trace Report
gEngineer Situation Report

BataAasate nt Aal i N A, el At it el el Shl Gl AE A e S A N AR sad A

L A S e S o s o

* GPLAN 1s not included separately; difference between OPORD and OPLAN is
tnat CPLAN contains assuimptions and specifies the time or conditions under

whicn it wil) be placed into effect.
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Table 2. G3 Main formal products (concludea)

Engineer Report-Damage

Air Detense Status Report

Aircraft Hostile Fire Report

Air Detense Engagement Reporti
Comnander's Situation Report (SitRep)
Unit Location Update

Command, Control and Comuunication C4 Spt Reyuest
Minefield Report

4 Engineer Spot Report

i Air Request/Task Message (Immediate)
s

PSYREP

Spot PSYREP

Airspace Management Proceuures Request

- ECM Mission Regquest

X Intelligence Summary

NBC 1 (Observer's Initial Report)

NBC 2 (Evaluated Data Report)

NBC 3 (Immediate Warn of Expected Contam)
NBC 5 (Rpt of Areas of Actual Contam)

NBC 6 (Detailed Information on Cnem/Bio Attack)
NEC Downwina Message

M1JI Report

OPSEC Spot Report

Requirea Ammunition Supply Rate (RSR) Report
PSYOP Support Request

Movement Code

Training Plans

maintain/Update TSOP

Nuclear Release Regquest

Chemical Release Request

Table 3. G3 Main implied products

Mission Analysis

Operations Estimate

Directed Staff Estimates
Briefings

Maintain tne Current Situation
Project Unit Status

Project Critical Snortages
Maintain tne Staff Journal
Allocate/Prioritze Replacement Personnel, Materiel and Units
Maintain the Troop List
Excnange of Information
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ARG

TASK la:

Prepare and communicate
plans and orders.

G3 MAIN PRODUCT:

TASK 1b:
Organize and equip )> QPORD (TASK
units for combat. QRGANIZATION AKNEX)

TASK 3a:
Implement and update
plans and orders.

Figure 5. Task mapping for G3 Main product Task Organization
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{(3) Analysts inage an ass=SSaent O tne speciric aiding tecnnoloygizs
wnicn coula be applied to G3 Main products. In some cases, particularly in Al
tecnnologies, a positive assessment cuuld not ve mace due to tne relative
imuaturity of the technology. However, for most products and technologies, a
positive assessinent was possibie. Tne Task Urganization product was assessed
as definitely requiring information processing and user interface tecnnologies
ana meaium probaoility of analytic support using DA tecnnigues, low
probability of mathematical model support, and uncertainty concerning Al
applications.

-
»
L

b

c/
2 d

rd

CX X s
)

,

R

(4) Analysts assigned a descriptor (nawe) to each analytic aiding %
opportunity. A Task Organization aid could be developed, employing analytic
tecnnigues to improve yuality ana timeliness, witn consideration of variables
such as weatner, terrain, unit status, leadersnip, etc.

N
LI 4
/
. 0 '-.l
RSP IR R B

(S

2,

'
0

d. 63 Main products and appropriate aiding tecnnologies. Table 4 shows
the matrix which was developed to list the 59 G3 Main products and to map
appropriate aiding technologies to support product development. Tne matrix
reflects the qualitative assessment of aiding opportunities for eacn product.
In some cases, a single proguct mignt be supported by .nore tnan one analytic
aid. In taple 4, for example, two potential analytic aids to support
development of the Execution paragraph of tne Operations Order were identified
and were listed in the rignt-nana column with appropriate aid descriptors.
Figure 6 is a brief description of tne potential analytic aias wnicn mignt be
developed for the products snown on tne first page of the matrix in table 4.
A tocal of 53 different analytic aiding opportunities were identified at tnis
paint in tne analysis. Eacn analytic aiding opportunily was identified by a
distinct aia descriptor.

oy

—ay
!.'

o

e. Prioritization of analytic aid candigates.

(1) A prioritization metnodclogy was developea based on an
investigation of alternative tecnhniques for structuring preferences. Thomas
L. Saaty's analytic nierarchy process (AHP) (reference 10) provided an
objective metnod to obtain a priority value for eacn individual aid. A
nierarcny of separable criteria was tormulated, and a method of pairwise
comparisons was-used to determine the relative utility (weight) of eacn
criteria. A commercial software application, "Expert Cnoice," facilitatea tne
computation of criteria values. Local and global weignts of the criteria and
subcriteria are reflected in figure 7.

(2) Tne 53 analytic aiding opportunities were prioritizea based on
aajusted ranks. Tne ranks were based on tne total adjusted score for eacn
aiding opportunity. Taole 5 shows the prioritized list. A graphical display
of aid scores was developed to examine the distribution of aids over the A
scoring spectrum. Figure 8 presents a leaf plot of adjusted scores which i
shows the distribution of scores and the aia identification numbers ' which IE!
fall in eacn cell. Insignts derived from tnis display were that adjusted -
scores had a single mode, were slightly skewed toward higher scores, and tnat o
tne distribution of scores was approximately normal. Use of a leaf plot as )
opposed to a bar cnart further conveyed information concerning the specific
aiding opportunities contained in eacn cell. Eignt of tne top 2u are in tne
two hignest cells of the leaf plot. Additional tecnnical information is
available in appendix I, annex V.

.. -

‘ot
A-.
3

e
‘s
P

T Aja identification numbers, such as 3-i, 3-2, etc,, were assigned to an

approximately alpnabetical listing of aid descriptors. The "3" stands for Y
"G3." ':':'-
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N Figure 7. Hierarchy, local and glaval weignts
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Table 5. Analytic aiuing oppurtunities fagjust2d ranx orcer)

{continued on following pages)

ABSOLUTE ADJUSTED ADJUSTED
AID DESCRIPTOR AID ADJUSTED RAW RANK IiPORTANCE  FEASIBILITY
1J0# RANK RANK OIFF RANK RANK
Unit Movement Planner 3-51 ] ! 0 1 12
Force Moveaent Analyzer 3-24 2 3 1 2 11
Air Movenent Analyzer 3-04 3 4 i 4 19
Fue)l Consumption Rates 3-26 4 5 | 7 10
Air Movement Planner 3-05 5 2 3 13 3
Assign Creitical Replace-  3-08 6 6 0 11 13
ment Units, Personnel,
ang Materie!
Terrain Managenent 3-46 7 12 5 10 29
Denial Preparation 3-19 8 22 14 12 30
Time Analyzer 3-47 9 7 2 3 4
Pre-Position Decontamina- 3-18 10 17 7 15 27
tion Supplies
Compare Alternate Courses 3-13 11 4?2 31 3 49
of Action
Obstacle Preparation 3-31 12 14 2 17 28
Predict Contamination 3-39 13 9 4 36 2
(ID Affectea Units)
Forecast Unit Status 3-52 14 30 16 6 40
Chemical Effects 3-20 15 18 3 23 18
Prediction
Expenditure Rates (FS) 3-22 16 1 5 33 6
Basic Load Allocations 3-10 17 8 9 42 1
Nuclear Effects Prediction 3-21 18 16 2 30 15
Aircraft Asset Analyzer 3-02 19 10 9 26 21
Priorities of Fire (FS) 3-40 20 24 4 18 22
Priorities/Allocation 3-38 21 33 12 9 43
(ADA)
Rear Area Protection 3-4) 22 39 17 8 a5
Capanilities
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(continuea) gﬁ
Lq s .r..‘i
N ol
N AGSOLUTE  ADJUSTEL ALIUSTED e
: AIU DESCRIPTOR ALD ADJUSTED RAW RARK 1MPORTANCE FEASIBILITY éﬁ
: 104 RANK RANK DIFF RANK RANK L
N =
\j .'.-1:
- Troop Exposure (NBC) 3-50 23 19 4 35 17 e
o5 gEvaiuate Damage Repair 3-17 24 27 3 21 31 EQ
- Alternatives E;
N Forecast Tuoe Replace- 3-25 25 13 12 39 9 0
" ment (FS) fj
> Forecast Usage Rates 3-53 26 23 3 32 23 %
. (RSR) 3
& Atlscate CAS ang nECCE 3-11 27 23 ! 3 25 3
% Controlled Supply Rate  3-15 23 13 15 43 7 5%
M (C3k) ::;-j
Koute cvaluation (AVN) 3-44 29 35 6 5 52 Eé
- AGM Employment 3-33 30 29 1 38 20 i?{
- Task Organization 3-45 3 31 0 22 34 o]
~ Target Allocation 3-48 32 25 7 ay 16 N
(Cneuncal ) S
Aircraft Reyuirewents 3-03 33 32 1 25 35 Sj
Prescribed Nuclear 3-37 34% 26 8 37 22 s
< Loaa (PnL) fk
. Prescrioed Cnemical 3-36 30% 26 8 27 22 éf
: Load (PCL) :
Optimai Friendly Employ- 3-34 35 35 ! 14 44
ment (Ew) .
Organize for Compat (FS)  3-35 36 37 1 24 36 "
&)
y Allocate Engineer Re- 3-07 37 15 22 a 26 EE
- sources N
3 o
A .::
> L
> -
- * Ties were allowea for ranks. PCL and PNL nad a tie for all scoring schemes. Tnerefore, -

tne adjusted ranks ranged from 1-52 for a total of 53 aiding opportunities.
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: Taoi2 5. Analytic aising wppirtunilics (aciusied rana Jrdcr; :?-::
(conclugea) :‘:2:
4 - 1
ABSOLUTE  ADJUSTED AWIUSTES

AID DESCRIPTOR AID ADJUSTED RAW RANK 11PORTANCE FEASIBILIT:
’ ID# RANK RANK  DIFF RANK RANK 4
Target Susceptibility 3-49 38 34 4 27 37 F
(NBC) ' o)
Fallout Prediction 3-23 39 2) 18 a8 g T
{Nuclear) I_'z;
Hazard Areas (NBC) 3-27 40 20 20 45 14 N
Allocate Keplacements 3-06 41 43 2 16 48 s
Obstacle Empiacement Pran 3-30 42 41 1 29 39 v
) Integrate CAS (FS) 3-28 43 44 1 20 42 =
; Relative Conoat Power 3-42 44 45 | 34 38 B
' Control Procedure (A2C2)  3-14 45 46 1 19 51 o
NB. Effects Evaluation 3-24 4o 35 8 47 24 ol
Post-Strike Analysis 3-16 a7 3 16 50 5 et
N (Nuclear) e
: Decermine Replacement 3-43 48 47 | a4 4 ¢
- Priorities | 2
Allocate Critical Assets  3-01 a9 40 9 51 33 L
. (ECM) Zii
X Assiyn PSYOP Assets 3-09 50 49 ] 46 47 e
- Ubstacle Effectiveness  3-12 51 48 3 49 46 2
PSYOP Effectiveness 3-32 52 50 2 52 50 oS
- * Ties were alluwed for ranks. PCL and PNL nac a tie for all scoring schemes. Tnerafore, -;E';:
. tne adjusted ranks ranged from 1-52 for a total of 53 aiding opportunities. -
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f. Sensitivity analysis. A limited sensitivity analysis was performed to
examine the relationsnips between adjusted scores, raw scores, scores based
solely on feasibility, and scores based solely on importance. Graphical
analysis was the primary technigue employed to investigate sensitivity. The
graphs are explained in detail in appendix I. A summary 3is provided in the
following subparagraphs.

(1) Comparison of leaf plots. Five analytic aids consistently scored
in the top two cells across all scoring schemes. The specific aiding
opportunities are: Air Movement Analyzer, Fuel Consumption Rates, Assign
Critical Replacements, Unit Movement Planner, and Force Movement Analyzer.
These aids were robust across all scoring schemes, The methodology embedded a
sensitivity data collection scheme. The raw scores reflect an equal weighting
of utilities across subcriteria, while the adjusted scores reflect the net
effect of the pajrwise comparison of subcriteria and criteria. Further
decomposition of scores in terms of feasibility and importance clarified their
net effects on adjusted scores. Additional variation of scores was not
feasible nor necessary based on the results of the initial investigation.

(2) Comparison of scatter plots. Graphical techniques were also
employed to examine the relationships between adjusted, raw, importance, and
feasibility ranks. Figure 9 shows a scatter plot comparison of adjusted ranks
and raw ranks. This figure shows that the top four aids were dominant (low
rank) for both raw and adjusted ranking procedures. Further, the bottom five
aids were consistently inferior. However, in the rark interval 5-47 there was
a great amount of varijability between raw and adjusted ranks. Additional
scatter plots are in appendix I.

(3) Conclusions from sensitivity analysis. Of the top 20 aids, based
on adjusted score, six consistently ranked in the top 20 over all
scoring/ranking schemes. Aids in the midrange (approximately 10-40) are
highly sensitive to the effects of alternative subcriteria weights.

6. DISCUSSION. The following subparagraphs summarize the analysis and
highlight the key constraints which 1imit the extension of the analysis to
other related command and control development activities.

a. Limitations.

(1) The analysis was based on the best available doctrinal literature
and references documenting aiding technologies. However, a corps headquarters
ARTEP has not been developed and the division headquarters ARTEP is under
revision, The Combined Arms Training Activity (CATA) is working to
standardize the critical tasks at division and corps, but a doctrinally
approved and operationally validated consolidated 1ist does not currently

exist. In many cases, substantial additional research, experimentation, and
field observation will be required prior to development of specific automated
aids which will actually improve performance.

(2) Though analytic techniques were decomposed in the targeting
process, it is possible that a combination of analytic techniques may be
embedded in a single aid.

(3) The possibility exists that analytic aids will evolve as the
automated environment and the literacy of automation users mature. In this
event, an application which {nitially employs math model techniques might
later be revised to use artificial intelligence techniques.
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(4) Tnere may be a precedent relationsnip between canaidate aids. v
I8M's Information Systems Planning Guide recommends that the initial .
application development project span the most tasks to facilitate follow-on —
application development. Tne IBM concept suggests a different prioritization s
methoadology. In the event a formal program is estaplished to cevelop el
applicetions, tne IBM approach deserves consideration pbut was not feasxb]e in :n:\
tne initial constrained analysis of 63 Main tasks. N
b. Analysis summary. :&:
. N
(1) Seven major functions of the G3 and 43 G3 Main critical tasks wo
were identified. Decomposition of critical tasks facilitated identification NER
of aiding opportunities. A single comprenensive, doctrinally approved and Ry
operationally validated Tist of G3 critical tasks does not currently exist. 'E.
Focused, structured observation and experimentation may nelp to further define I
G3 critical tasks. N
(2) Fifty-nine 63 Main products were identified. G3 tasks were :f%f
mapped to the products wnhicn they support to clarify opportunities for .;;:
q aiding. As witn G3 tasks, a single comprenensive, doctrinally approved and ‘i;g
operationally validated list of G3 products does not currently exist. :;J
(3) A classification scheme (taxonomy) for aiding technoloqgies was :ﬁ§j
developed and elaborated. Tne taxonomy facilitated targeting of appropriate e
tecnnoloygies to aiding opportunities identified during tne detailed task and )
product analysis. Tne taxonomy is agequate as a first-order technique for =
assessment of potential tecnnology solutions to command and control B,
deficiencies. -
(8) Fifty-tnree different G3 Main analytic aiding opportunities were ff;
igentifiea wnicn have potential to support tne development of specific (3 L
products. 2
(5) A methodology for prioritizing analytic aiding opportunities was ijnf
developed. Tne methodology employed a hierarcnical model to assess the R
relative importance and feasibility of eacn aiding opportunity. The Yy
metnodology was consistently applied to the G3 analytic aiding opportunities N
to generate a recommendea priority list for aid development. o
(6) Several aiding opportunities were dominant for all scoring ;{\'
scnemes and several were clearly inferior across all scoring scnemes. ;;:
Dominant aiding opportunities were Air Movement Analyzer, Assign Critical ¢
Replacements, Force Movement Analyzer, Fuel Consumption Rates, and Unit Coe
Movement Planner. b
7. CONCLUSIONS. The following conclusions resulted from the 63 analysis. j?f?
a. Tne objectives of the G3 analysis were accomplished. ::f
b. Specific opportunities for aiding tne performance of tne 63 during N
tactical operations were identified and appropriate aiding tecnnologies were i 2
targeted. i
c. Fifty-tnree distinct 63 analytic aiding opportunities were identified. o
S
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d. Criteria or imporcance and reasinility provide a rationa! pasis for
prioritizing analytic aid development. Tne two primary criteria can be
furtner deconposed to facilitate gualitative assessment of relevant factors
such as cevelopment cost, training, frequency of product development, and
potential time savings.

e. A recomr:nded priority for development of G3 analytic aids was
compiled based on the abrve criteria using a nierarcnical prioritization
structure. Tne five aids wnich consistently ranked at tne top of tne priority
list are Air Movement Analyzer, Assign Critical Replacements, Force Movement
Analyzer, Fuel Consumption Rates, ang Unit Movement Planner.

f. Additional researcn, field observation, and experimentation are
required to gefine and standardize 63 tasks and products.

g. Tne methodology employed to analyze the G3 Main may be applied to
otner functional areas to igentify and prioritize davelupment of automated
aias.

n. Tne prioritized list of G3 analytic aiding opportunities provides a
rational basis for focusea development of decision aid prototypes.

8. RECOMMENDATIONS.

a. Tnat tne G3 analysis be approved as an accurate, comprenensive study
wnich identifies and prioritizes G3 aiding opportunities baseo on current
doctrine.

p. That tne 63 analysis be presented to tne Compat Developer (C3I, CACDA)
to assist in focused development of decision aids for tne Maneuver Control
System (MCS).

¢. Tnat G3 Main products and tasks be standardized to enable efficient
training of hign-performing staffs and to facilitate rapid, successful
transition from a manual to an automated U.S. Army Tactical Comnand and
Control System.

d. Tnat tne analytic methodology descrioed in tnis report pe approveg as
an appropriate methodology for identifying aiding opportunities in battlefield
functional areas.

e. Tnat increased empnasis be placed on analysis of tne command and
control process througn observation and experimentation to define the process
and to improve procedures within tne process.
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