The Other Aggregate Attrition Method
Force Ratio/Fire Power Scores

Agenda
— Intro/definitions
— The FPS approach
— Attrition/movement tables, formulas, curves
— Some example scores

— Adjusting the values based on the situation
» Adjusting for Terrain, battle posture, etc.

— The Anti-Potential Potential method to getting scores
(ideain TACWAR)



The ldea

 Theideaof force ratio/fire power score (FPS)
attrition modelsisto:

— (1) aggregate al of the individual combatants in a unit
INto a single scalar measure of the unit’ s combat power,
then

— (2) theratio of attacker to defender combat power is
used to determine the amount of combat power
destroyed (attrited) by the enemy in a battle timestep
and the FEBA movement.

e Usedin TACWAR, RAND’sJCM, Dupuy’s
Quantified Judgment Model (QJM)



Some definitions

Let S =“value” of one system of typei
Let X; = Number of systems
Then, the combat power of aforce

- (systems)xi*sl

Do thisfor each side, get FPA, FPD
Force Ratio = FPA/FPD

Do this for each sector (Piston mode!)

Allocate casuaties, movement as a function of the force
ratio for atime step

Adjust values and repeat...



Some Comments

* Inthebasic setup
— Linear value of systems
— No explicit interactions

o Very difficult to specify asystem’s value



Getting Fire Power Scores

e Military judgment (RAND)
— See picture
e Measures of Lethality (Dupuy)

— OLI = F(rate of fire, reliability, accuracy,
number of targets per strike, range)

« Anti-Potential Potential (APP)—more |ater
— Objective



E.g., RAND Fire Power Scores

-89.

* Thisisconstantly
being revised
— See JICM
Homepage

Table E.2
Proposed Scores Ranked by Weapon Score

Group Category Score  Group Category Seore
At Hel AH-64 10,0 Tanks M4AT 14
5P Arty MLRS 10.0  ADef Stinger 1.3
SPArty 200+ mm MRL 7.5 APC IFV/No AT 13
Tanks MI1-A1 7.5 ARWV/AA Gun/Armor 1.2
At Hel Hind 65 LREAAYm Aslt/ATGN Hvy 1.2
Tanks M1 55 LRAArm Imp Tow/MP 1.2
SP Arty 152+ Hw Good 50 LRAArm TOW/MIn-Veh 12
SP Arty 160- mm MRL Good 5.0 Mortar 5P 81 mm 12
SP Arty 152+ Hw Fair 40 TdArty  105-mm How 12
At Hel AH-1 3.5 ADef 20+ mm SP ADA 1.0
TFV/AA M-2 8.5 ADef 57+ mm ADA 1.0
SPArty  SPGun 35 APC APC L0
Tanks M60-A3 8.5 ARV/AA Gun/Let 1.0
SPArty  160-mmMBLFair 3.0 SRAArm  Lrg Rewil 1.0
Td Arty 122+ mm Go/How 30 Tanks T34 1.0
SF Arty 122- Hw 27 Td Arty 100+ mm Mortar 1.0
Td Arty 152+ mm How 2.7 ADef SA-14 0.9
ADef SA-13 2.5 LRAArm Tow/Mn-MP 0.9
ARVIAA ITV 25 APC Half Trk 0.8
IFV/AA BMP-1 2.5 LARV Lgt Veh 0.8
Tanks M&0 25 LEAA™m A=lt/ATGN Lt 0.8
Td Arty 107+ mm MRL 2.5  ADef 2040 mm Td ADA 0.7
Td Arty 130+ mm Gun 2.5 Mortar 81 mm 0.7
At Hel Lot Attack 22 SRAArm Sml Recoil 0.7
ADef SA-B 1.8  ADef SA-T 0.5
ARV/AA ATGM 1.8 SEAAMM Dragon 0.5
Tanks M48 1.8 ADef AAMG 0.4
Td Axty 122-130 mm How 1.8  Mortar 60 mm 0.4
ADef 20+ mm Rad ADA 1.5 SRAA™mM LAWs 025
ARVIAA Lgt Tank 1.5 SRAArm Sml LAWs 02
LRAArm Imp TOW/Veh 15 SmArm Small Arms 0.15
SP Arty 100+ Mortar 1.5

Td Arty 122- mm Gun 1.5




Adjusting Fire Power Scores

e Some examples (from TacWAR [ATLAS]
and RAND)

— Reduced effectiveness due to attrition
— Low on logistics

— Type of battle

— Terran

— Weapons mix




Adjusting Combat Power for...

ATLAS Percent Effectiveness Dueto Casualties
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Adjusting Combat Power for...

Adjust ATLAS Percent Effectiveness Dueto L ogistics
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RAND’s Situational Force Scoring

o Adjust basic scores by factors (multiples) to
account for
— type of terrain (table lookup)
— type of battle (table lookup)

— Also can adjust for weapon mix nationality
factors, ... (again, table lookup),

— See enclosed pictures
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Table 3.1

EX am pI e: - Attncker Situational Category Maltiplier

Categury of Weapon

atl att aty

) Typeof  Tanks att LR SR att abt
S Typa of Battle Terrain IFVs APCs atgms utgmas inf arty
Breskthrongh = Open 1801 2098 04255 0524 0.288 0.440

EBreakthrough Mixad 1400 1.820 0380 0, 350 320 0400

Breakthrough Rouph 1280 1.838 0787 0972 864 0810
- - Broakthrough Urbar 1120 1.120 03RS 1215 1.080 0.630
Ereakthrough Mount 1120 1456 0718 1.256 1152 0720
Withdrowal Open LB 1.784 0,532 0,406 0350 0550
Withdrowal Miwed 1200 L.5ED 0475 0.450 0,400 0500
‘Withdrawal Raugh 1080 1404 LR 0,664 0,768 0720
- ‘Withdrawal Urban 0860 0930 0818 1080 0.980 0.580
Withdrawel Meunt D580 1248 0588 1.152 1024 QB0
Delay Oipen 116D 1405 0538 0.485 0.432 DUSED
Dalay Mimed 1. 1.300 BT 0,540 0.430 080K
Dalay Rough 05040 1170 0L 0,645 Q575 0540
Dralny Urkban  0.800 0,804 0239 0.810 0720 0430
n . Dielay Mount 0800 L.O40 0478 0,884 0,758 0450
Hazty Open 1350 0.966 1277 0,872 0,864 1320
Hasty Mixed 1200 0540 1.140 1.060 0.980 1.200
Husty Rough 1080 0.756 1040 1.298 1.152 1.080
Hasty Urban 0880 0880 0478 1.620 1.440 0840
Haszty Mount 0980 0.E72 0.958 L7268 L.536 0,960
Delibarats Open 1,150 0208 1.0 0810 0.720 LI00
Daliberate Mixed  2.000 0.70¢ 0,950 0. 000 OB 1.000
Duliberate Heagh 0900 0,830 0.5874 1,080 550 0900
Deliberata Urban  0.B00 0,800 0,399 13560 1.200 0700
Disliberate Mownt  O.E00 0.560 0788 1,440 1.280 0,300
FPrepared Open 1.083 0.765 1.011 1018 Q.68 1.M5
FPreparad Mixed  08BED 0868 0.803 1123 0.TE0 0850
Praparad Bough 0855 il ] 0.830 1,350 0.512 0858
Propared Urban 0780 0760 [ ] 1888 1.140 0.885
Prepared Moant  (hT7E0 0532 0758 1800 1.216 0760
Fortified Open 1.035 0.725 558 k] Lfds 0880
Fortified Mixed 0200 0,630 0.855 1080 720 DS00
Fortified Rough 0810 0567 0.787 1.906 D884 G510
Fortifiad Urban 0920 0720 0355 1.620 1.080 0630
Furtified Moant 0520 0504 0.718 1.728 1.152 0.720
Beatic Dpan 0530 0920 0560 D450 0450 1.520
Btatie Mized 0800 0800 0.500 ] 0.500 1200
Statie Raugh  0.720 0720 DABD TLE00 0800 L.OS0
Static Urban  0.640 0840 0210 0750 0.750 0840
Seatiz Mount  0.640 0640 0,420 LB 0800 08GO
Mesting Chps 1.3B0 1.380 L.084 0.810 0720 0850
Meeting Mized 1200 1.200 0as0 0,900 0,500 0500
Mesting Rough 1080 1080 (LET4 1.080 0.960 0.720
Mecting Trban 0980 0560 0398 1.350 1.200 0560

Masting Mount 08960 0,560 07498 1420 1.280 QuB40




Example RAND Situational
Adjustments

Table 2.1
Sampie Precombat Calculations in the SFS Methodology &
Categories of Weapons
Calculation Step: Tanks Inf Arty Total
1. Number of Assets (input) 300 2000 200
2. Asset Score

(multiplier from foree scoring

mechanism, WELWUVP 1.0 0.05 1.0
3. Raw Category Strength

Points (row 1 times row 2) 300 100 200 600

. Force Score Multipliers® (optional) 1.0 1.0 10
5. Base Category Strength Points
(row 3 times row 4) 300 100 200 6800
6. Situational Category Multipliers

(obtained from look-up table that varies

by combat situation) 0.8 1.0 1.2
7. Situational Category Strength

{row 5 times row 6€) 240 100 240 580
8. Shortage Category Multipliers

{obtained from look-up tables that vary

by combat situation) 08 1.0 1.0
9. Final Category Strength

(row 7 times row 8) 192 100 240 532

Ancludes first two stager of SFS caleulations.

BIf the scoring mechanism ineludes a category weight, it is assumed to be included in this
multiplier. One may wish to override the existing eategory weights in a scoring methodology.
If 0, one is then required to make sure that the category aultipliers are defined with this as-
sumption in mind.

“Optional force multipliers to account for the effectiveness of the unit. For example, the
RSAS employs multipliers for training, nationality, and cohesiveness to determine the effec-
tiveness of the unit before combat. '




At each time step In each sector

Calculate attrition
INn ATLAS (TACWAR)
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Equations for the Curves

o Attackerscasualtyrate = a* (x/y)d+ Db
 Defenderscasualtyrate= b* (y/x) =+ a

e Where

X = attacker’ s combat power
y = defenders combat power

e aDb,ea,andb depend on the combat posture (make the curves)

Engagement Type

Fortified

Prepared

Hasty

Meeting

Withdrawal

Delay

Disorganized Retirement

Rout
Holding

0.03593
0.02781
0.022384
0.02
0.015434
0.015434
0.015434

0.015434

0.012
0.012
0.015
0.02
0.0085
0.006
0.012

0.015

0.008
0.008

0.01
0.011
0.006
0.004
0.008

0.01
0.009

b

0.02407
0.01919
0.016616
0.011
0.004566
0.004566
0.004566

0.004566
0.009

0.9
0.87
0.95
0.89
0.93
0.93
0.93

0.93

e

0.899021312
0.899021312
0.929916219

0.89166815
0.879364086
0.778385397
0.899021312

0.929916219
0



Example

Attack of afortified positionby X onY:
Attacker casualty rate = .03593* (A/D)"(-.9) + .02407
Defender casualty rate = .012* (D/A)(-.899021312) + .008

Force Ratio (A/D) Attrition Rate (A) | Attrition Rate (D)

RS 091 014
1 .060 .020
2 043 .030
4 034 .050
38 .0296 .086




RAND’s Algorithm: At each
time step in each sector

Calculate attrition (some “intensity” multipliers are left out
for understanding)

In RAND’ s JICM (for each day)

MFR = Force ratio adjusted for situational factors
Defense Loss Rate (DLR) = .03* MFR”.64
Exchangeratio = ER” = 4.5*MFR?(-.57)
Attacker Loss Rate (ALR) = (DLR*ER)/MFR

Let’ s do an example



MFR
DLR
ER'
ALR
FER (A/D)

Examples

1.000
0.030
4.500
0.135
4.500

2.000
0.047
3.031
0.071
1.516

4.000
0.073
2.042
0.037
0.510

8.000
0.114
1.375
0.020
0.172



ATLAS FEBA/FLOT Movement

ARMORED DIVISON MOVEMENT RATES
(Terran TypeA, No Bariers)
(InMiles per 24 Hours)

FORCE RATIO (ATK / DEF)
05| 10| 15 ] 20| 25 30| 35 ] 40 | 45 | 50
Fortified Zone — — — Jo23]056] 09 ] 13]16] 20] 24
Prepared Postion — — — | 08| 20 | 31 | 40 | 47 | 535 | 60
Hadly Position — — |oe6| 27| 40| 55| 64 | 78 | 865 | 95
MegingEngegement | — | 00 [ 29 [ 56 | 73 | 89 [ 103 116 | 124 136
Ddaying Action — | 52| 83 110|130 140 | 150 | 160 | 165 | 170
Orderly Retirement 00 | 130 | 160 | 174 | 185 | 189 | 192 | 195 | 198 | 20.0
Disorganized Retrest | 0.0 | 150 | 181 | 200 | 208 | 215 | 219 | 222 | 224 | 226

Figure 4.3.3 — Typical ATLAS FEBA Movement Rates



RAND JCM FEBA/FLOT Movement

Then, the base value of FLOT movement rate (FME-base) is caleulated by type of battle as:

Type of Battle FMR-Base
Breakthrough (30.0 + 5.0* (DLR "/ALR "))
Withdrawing (40.0 + 6.0* (DLR "/ALR "))
Delaying (10.0 + 18,0 * (DLE /ALR "))
Hasty ( 0.0+ 9.0*(DLR /ALRE "))
Deliberate ( 0.0+12.5* (DLR /ALR "))
Prepared { 0.0+ 12.0*(DLR JALR ")
Fortified ( -0.5 + 10.0 * (DLR JALR "))
Meeting { 0.0+ 5.0%(DLR /ALE "))
Stalemate 0

This is then combined with the intensity multiplier:

FME = FMR-Intens * FMR-base

Note: DLR™ = DLR + air effects (helos+ CAYS)



Allocating Casualties to Systems

* Distribute equally
— Common assumption

e Based on history
— E.g., Dupuy

e Situational adjustments
— E.g.,, RAND



Dupuy--Tank Losses as Function of
Personnel Losses

Figure 59
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Dupuy—Other System Losses as
Function of Personnel L osses

Dupuy has many others, e.g., annual Helicopter lossrate in
Vietnam ranged from 2.7 to 7.2 times annual personnel casualty
rate—see Dupuy (1995), Attrition, Nova Publications



Let’sdo an Example

Indices. 1=Infantry, 2=Tanks, 3=Arty
X, = 10000, X, =100, X; =50
S5=1,S5=10,5,=20

Combat power = 12000

Suppose, we lose 3% CP (in atime step)
— l.e.,.03*12000 = 360

Let Y = % manpower |ost

360 = Sgygams S*M* Y*X;, where m is the multiplier of
the loss rate relative to the base (infantry)

Thus, 360 = 1*1*Y* 10000 + 10*6* Y* 100 + 20*.25* Y*50
Solvefor Y, get Y =.022154



Example continued

Men lost = .022154* 10000 = 221.54
Tank lost =.022154*6* 100 = 13.29
Arty lost = .022154* .25*50 = .28

Combat Power Lost =221.54*1+ 13.29*10+ .28*20
= 360

Repeat in following days



RAND Losses Allocation

.46 -
Table 6.1
Category Loss Multipliers

Pri

Assnaliﬁ Attacker Defender

Weapon TypeofBattle Armor Infty  Arty® Armor Infty  Arty?
Armor Assault 1.5 10 07¥CB 12 10 0.7*CB
Infantry Assault 0.5 20 07*CB 05 20 0.7*CB
Armor Meeting 1.5 1.0 067*CB 15 1.0 0.7*CB
Infantry Meeting 0.5 20 07*CB 05 20 0.7*CB
Armor Stalemate 1.5 1.0 20*CB 15 10 20*CB
Infantry Stalemate 0.5 1.0 20*CB 05 1.0 20*CB
- Withdrawal 2.0 1.0 02*CB 1.2 10 04*CB+04
— Breakthrough 2.0 1.0 02*¥CB 12 10 04*CB+04
— Delay 1.5 1.0 07*CB 15 10 05*CB

34CB" is the opponent’s counterbattery capability as discussed in Section 4.



An Objective Approach to Assigning System Fire
Power Scores. Anti-Potential Potential (APP)

e TheBasicldea

— The value (score) of aweapon system isdirectly proportional to
the rate at which it destroys the value of opposing enemy weapon
systems.

— Thus the value of a system depends on itskill rates and on the
value of the enemy systemsiit kills.



Some Notation

Two opposing forces (X and Y) made up of heterogeneous weapon
systems.

Let X. =the number of weapons of typei inthe X forcefori=1,2,...,m,
with Xt={X,, ...., X}
Y, =the number of weapons of type] inthe'Y forceforj=12,...,n,
withYt={Y, ....., Y}

Define the weapon values (or scores to be determined) as:
SX, =the value of onetypei weapon in the X force, with
SXt={SX,, ...., SX.}

SY, = the value of one type | weapon inthe Y force, with
SYt={Sy, ..., SY}



More Notation

e Needtodefinekill rates

— Let K, =therate a which one X; systemkills Y, systems ( with
K the mxn matrix)
L, = therate at which one Y, system kills X; systems (with
L the nxm matrix)

« Kill rate values are usually obtained from the killer-victim
scoreboards from high-resolution simulations



Applying the APP principle

The value for a system of typei inthe X forceis
given by totaling the values of the enemy system
that it Kills:

CXxSX;=a,; K;; x SY,
Similarly for the Y force:
CY><SYj = éi Lji x SX.
CX and CY are proportionality constants (more later)

Total of m+n equations and m+n unknown values



Put in Matrix Form

(1) CXxSX =K x SY

(2) CYxSY =L x SX

e Substitute (2) in (1),

¢ get CXxCYxSX = (KxL) m*SX
e Letl =CXxCY,

 Facts:

— (1) anon-negative, largest eigenvalue | (the same for
both eguation systems), and

— (2) non-negative eigenvectors SX and SY (unique up to
a scale factor) that satisfy the equations.



In Practice

Solve for SX

— Scale by taking a base weapon system (say
M1A1 tank) and set equal to 1. Thisgivesall
other SX values.

Given SX, solvefor SY directly
We will let the computer do the calculations

This gives the APP scores



Let’s Do an Example

* In S-plus/see attached



