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Yy
Vv = tan [ - —+tan ( )] o A Ao A A tan(A-B)= tanA-tanB
Vi Vig' o 1+tanA*tanB
Vo t 5 -1ﬁ B
W-tanT A= tan (Vk) B b
= Vo t 'IJ\‘% N /IJ\&E%VO
1+ WtanT
Vo? t
Vi Vota”T (V—°+Vk) (Vk+Votan—)
B Vo f - Vo
(1+ than . ) Vo (1+ WtanT) Vi
L P
% _)VOVk(1+VtanT) L-i=bc a*d
g Vo k —59 ¥ a*c
L% VtantT) Vo a=1+ M &
Vo k Vk ok
i, 3,58 Vo2 Vi
Vk Vo Vk b=(—°+Vk)/vo=V—°+—
= - 9% K IR Vk Vk Vo
VO t VO p IR 7 C:V
1+ WtanT 0
d = Vk
Vo | Vk
Vk V t 1
J‘ Vo Ot d (T) L B Ja +b tanx RIS
1+ —tan—
Vk ok _ax+ b*In(acosx + bsinx)
B +Vo B %1 2
( )In(cos —sin— ) aZ+b
Vo Vk) V 5 b_V_o 8
Vk l Vo (V_o 5 a Vi X = "
Vo? + VK?
Vo« Vk Vo? + Vk?




{55/ EXCEL FEIT (DN RAT A 22 R B (H 2 58

Vk 1B (ﬁ) t Vo ot
WX[ c Uy In(cos+y, sm?)]

S Vv
RAREEH= [V dt=Virk [ od () BABSER

t"i’ VyO . t'ff'
= VWVk * ky * In(cos + sin
; V ( ky VVk ky )

2 0 R B A TR 22 55 e e AR R TR R R KRB = JE 2 N2 > IR (R TR 8
A T 95 B 1 s 22 R R AR ]+ T TR 22 58 o s AR R T R PTG 5
BORITHHHE > P SE BRI THR ] (F AT HEE H/KFRITRERE - R8st ) RS2 8
SRR AR B > FE ARSI HEEERE - (EF M ESEHHEEAR

Ao Eaeits ¢ Vyk*ky*ln[cosh(%)] =H ;#AHBREt:

WRITER T=ts +ts
Vik * kx ) B34 e 5 %] RER

N EE TSRS ES A= A EXCEL NHERETE Rt E T EE—
RS o DAEES ERTER TR A2 455 - (A 105 MR (55 7 hiv) 1 574
22 5] > SITASEECEN T > Wi STHSEUE S A AT EATEaE R nR 1
~ SR WIER Vo=195.0719997 -
~ BFFRIE ©=205.5 5 BFEEME=2000 ; HFMFf=11.2 ; HRHE =154 -
CZEREE 0 =1.225-
~ E IR ¢=9.81 o
~ ML FE A = 0.008785748 -
~ 105 MY AE S B m = 14.96854821 -
~ B fEfE AL =0.001 ©
~ PH3{%85 Cdx = 0.132 ; Cdy = 0.4838 °

2 1 WE Sy ~ SRS ST R4S L 105 ARG R EUE B IR 5=
(pti-va) WETRE | BAfES T RS
AR e | mpap | mrmenst

KFRATIEEEL=Vk * ke *In( 1+

0O 3 O L A W DN

TR 22 9B T A e R
| (e )

5.586854063 5.587 +0.0026%
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ARMY ARTILLERY QUARTERLY

mONGEERS (H> &

) 154.4780093 | 154.477015 -0.0006437%

H HEAGIFE (t

- 5.637114316 5.637 -0.00203%
%o )

ARITHFE] (T ) . 11.22396838 11.224 +0.0002817%

RPIRATEERE (L
NN,

2000.0058509 | 2000.010436 +0.0002293%

ERIIOR © e BT
i ER A REHREAERE A W AMHEZ2EE - Frfesd R T
5] > N RTRE B AT B AL (ERE R TT > S/ N RS T RS R EASS R EEEE 2000 AR »
SPRIRFTE] 11.2 BD ~ SER5RIE S 154 N RUHELER » IS8R ET R ATV IEHE Y Rat
ST UILEFIWNG Pl
{2/ EXCEL ZfesEmtEet
AIE Eae A RS E B A Gt Eamal (R A 17 REFER RS LT A
EXCEL I » HERIEAEHFEAATETRRR » 280 EXCEL AU B AR Al
WFEASC R ER RS - ASCE G A A B EMALZ e > A E BB A
S A E AR N EEE A - 5 EXCEL (B B —ERefE TR A > (R DIPRER
SERRIL SR EIAH T HERE B {THAE - 5o EXCEL At Fea Al Al s B (R URET
S{EngfFﬁﬁﬁZﬁ%&&ﬁ%i’]u%%ﬁﬁﬁ*” EXCEL 55 i HaHH e /& T R
Tﬁéﬂ*% SUS/EE
- ARBRNSER
B e AT PR AT B iRa T SR N B E Rl —2—A% (18 7) > FLAREIE &
SN Z AL R S 8UE > Bl AR RN R I REEERI ] (RN ET
B ) ARIUEEHEENIE R 2 88k > AR R S IREE R A K (FEIR
/3.2808399) ~ (iR & (FAL/L7.777777778) ~ FHWIEEKE/KEERE 2 A
FERy IR E*COS (IEERRALEPI () /180) , ~ REFEHE 2 AFE
/2&2%, WAL E*SIN (IR E P () /180) > BIARTR BBl o3 il Ry /K P 22K
f& "B6*COS (B8*PI () /180) , K\ EH#HE "B6*SIN (B8*PI () /180) > 5
SRl Ve > BFEIERRAL EES)] - FEHREMEERAL 20F /T
Z—Fb (0.001 ) > FEARBEERER S AHE [ - At E AR EIERE T2
—FOC AR THFE] 20 RP2GER » [F)— el B A pa XA T R B & Ry 200 FH S )ERE/]N -
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{55/ EXCEL FEIT (DN RAT A 22 R B (H 2 58

m =5 IEE 4% RE BN ud

“Jt:; s 2 AN SEe o FEeen  asex . ]lﬂJ ) \—ﬂﬁ L 7 " AR, = & [ ;i';l o
S5 samnx B U E-I A - EEE wE Eeamse sy gy BERRCECAlNONG | G [ i - AL We BT oy, BEANR

% : sEs ra g 8 % e

05601 S
A B © D E F G H I ]

1 L] HEVHE ~ HEROE R E (7 ) 0.008785748 m

2 105kA R 155 640 295.5 10543 5 (m) 14.96854821 kg

3 ERBE 1225 kg/m"3 BELfydx ~ dy=(Cd*Ze 5 ERE)/2 0000710328 | 0.002603459
4 TESEECH | 0432 | Mhtmcy | 04838 | KFAIEVX(0) 1869206102 | mis

S 105HE-ERE | 00528828 m FEETEVY() 55.80116975 m/s

6 ik 195.0719997 ms At 0.001 s

7 ENEEQ | 98I m/s o — AT E O -(HA)*VXOYD | -1658034184

8 113 16.621875 i " EF R ay(0)= (Hd/m)*Vy(Oy2+) | -1035157379

7T HIESR ST
A B C D E F G H I ]

1 , 4 REHE  HROE B AR TR 72) 0008785748 m"
N R 640 295.5 105754 & (m), 14.96854821 ke

3 EREE 1.205 ke/m3 B Fydx ~ dy=(CA*ZE 28 kiE)I2 0000710328 | 0.002603459
4 MENBEex | 0432 | mEhtscdy | 04838 | KFIEVX(0) 1869206102 s

5 10SHEEEE | 00528828 m TEFEVY() 55.80116975 ms

6 ok 195.0719997 ms At 0.001 s

7 ENIEEG | 981 m/s2 g P 0= (Hdm)*Vx(012 [ 1658034134

8 [ils 16621875 iz E T av(0)= (CHUM* VYO 2s) | 21035157379

9  VKy) 45466859009  237.4920013

o] ke 4634746085 2420917445 vy HbEIE  55.02900718

11| o R ] o A5 o e 2 ) TRt 7

8 ot et B S W BE N E B
ZORIACH © B 7 - B 8 A EH LI

=~ BAEESHEAR

RHE et B A A A EXCEL R A EFEHEIFE TENEE] RE S
BRRERE )~ T EUE R T TR R ) T AR TR & TOKSEIRATEERE , F
IERERUE > L b E B A RS s A M B R HREI B 2 E - &
ER R E AR NEREEERNSHFE NS (B 8)  a[ FELLE REHK
SRR R AT
1~ vzk= ((2*12*B7) / (B4*B3*I1)) 0.5 °
2~ vyk= ((2*12*B7) / (D4*B3*I1)) 0.5 -
3 ~ kx =BY/B7 -
4 ~ ky =C9/B7 °
5~ BEEBEERT= (ATAN (RADIANS (I5/C9) *180/PL ())) *C10 -
6 ~ JEIE B e BE=C9*C10*LN (COS (RADIANS (B11/C10) *180/PL ()) + ((I5/C9)
*SIN (RAD

IANS (B11/C10) *180/PI ()))) -

7 ~ BEEIERS= (ACOSH (EXP (D11/C9/C10))) *C10 -
8 ~ MEMATHFI=B11+F11 -
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9 ~ JKIERATEERE=B9*B10*LN (1+ ((I4*H11) / (B9*B10)))
=~ BEAMHNBEE AT

2 EXCEL g mdharE - siAZAIEE 2 X Y SR
MR A A F) AR R e Bt Ri: - T A e AT EL AT Y128 U 5e 52 2 S
Fe AT > 2B A EXCEL N » 51 10 (@K > SIERKEEEEW T -

1~ %R (t) =0+$1$6 (AR 0 BHAS) : BERE (t+At) =A13+$1$6 (124
FFEI R AT —(ERFE+ AL > PRz N EEAZCETR] (& 9) -

2~ KRR Vx (t) =14+ (I7*$1$6) > [ Vx (t+AL) ZBUE Ryri—(E5F
EIE NHVRE Vx () I ER— (@R E MRV ax (t) BARFERERR 2 ef&
At BEGEEE R VX (t+At) =B13+ (H13*$I1$6 ) » 1&EHE T AAMEEIES > 1
Z i N AERAETA] (& 9) -

3~ SHEZREEVAE Y Ry BB N RSB AR E TR (B 9) 0 EFAFEER
Vy (t)  _E=I5+ (18*3$1$6) » 7t Vy (t+At) BUEFAiT—{ERFHEE NAYERE
Vy () Ji_ERT—{EEEE MY B PEEINZEE ay (t) BAFRFRIERE < ffEAL
PREEEE R VY (t+At) | =C13+ (113*3$1$6 ) > 12EH T BEERES > 1%
A TR RIT] > Vy (t+ A ZBUER Rz 22 R SH 52 Ehag o)
B ERIEEER > o BRI S T R 0 TREFRgEE Vy (1) & =C5599-

(J5599*$1$6) > T fEZ Vy (t+/At) BB BRI —(ERFEE FHYEEE Vy (O ik
Al — (@R E NEY NP ELINZEE ay (t) BARFRAHERRE ZRBEAL - EEEE R
Vy (t+At) F& =D5600- (J5600*$1$6 ) » %48 A & il EINES: > FARZIEAL T
PR B =CEIT]

4~ JKIEFESEE X (1) =0+14*$1$6+ (17*$I1$672) /2 (HEsE#I4E X JEFE R 0)
i X (t+A) 2 S Ry RiT—({EHF FE AR X BRI b A — (@R EE N AYZKSE 2R
& Vx (t) BIFERERAL 2368 - Bl ERT—(EREE T 70 2 —INZEE ax

(t) BAFFRRIRRAL EJ7 23k - lBEEER X (t+At) =E13+B13*$I$6+

(H13*$1$6"2) /2 » 1248 /K FEERES R MRS > A RZ I M@ Bl =BT

(& 9)-

5 $NEMMBEIAE ST Fy BB RSB E s HE (EJL) - k
FHEBEE Y (t) E=0+I15*$1$6+ (18*$I1$672) /2 > i EFZ Y (t+At) HE AR
— (B RIS Y AN B R — (@R R & N AVKEEE Vy () Bl RIRR AL
ZIFE - P BRI —ER R E N o 2 —IERE ay (t) BARFRIEFRAL SEJ7
IS EREEE Y (t+AL) B =F13+C13*$1$6+ (113*$I1$672) /2 » A%
iz M HAERLAF & VY (A 2 EYE IR &R - (F o] HErEE RS N
TREREE: Y (t) FE=F5599+C5599*$1$6+ (J5599*$I$672) /2 » g Y (t+
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{55 EXCEL F i b s 32 st 2 S B > SR A
A) BUE BRT—EEFRETE NHVERE Vy (O JILERT— (@R E Y RS
HE ay (t) HEFHHEREZRBEAL REEELER VW (t+At) B
=G5600+D5600*$1$6+ (J5600*$I$6"2) /2 - 12L& R AHEIES > TR T
fiIft *”Q’FEEDTo
~ KRR ax (t) ($I1$3/$1$2) *B1372 » jfj ax (t+At) ZEHE K
X $H3I3Hjjf”%§é§dﬁ (Cdx) DA EFRDL VX (t+AL) FJ5 > FEEE T AE5SE
LZ@ BEFy ax (t+At) =- ($I1$3/$1$2) *B14"2 » &4 /K RIS 3 Ryl [F
N AL N AR R AR (AL -
7~ SE RS FEER VA S By BB N ERIPE B AR E R TR (AETL) -
EFAPEEE ay (1) E=-$B$7- (($I$3/$1$2) *C13"2)» FFf >~ ay (t+At) ¥
HAENETIEEEERE Y #iH&EE (Cdy) FRUHEEFZEM Vy (t+
AU FSEH o EEEEE ay (t+At) _F=-$B$7- (($I$3/$I$2) *C1472) > F
FEFEES ay (t) [&E=F5599+C5599*$I$6+ (J5599*%$1$6™2) 12 » &> ay (t+/A\t)
SUE BB EE TR EME R Y #HE TR EE (Cdy) FrLASEEFEFEL Vy (t+
At) T EGEE R ay (t) FE=$B$7- (($I$3/$1$2) *D560012 ) » 124E By
FREES » RaZf Mg S A =B -
REGTEEERE 1BEE;3J:ﬁﬁ%ﬁ@ﬁﬁﬁi_$ﬂfﬁxzﬁfﬁgﬁiﬁﬁ1_$b/\‘ti_—~%giz
i 2 T BRI AR 5] i FE 2 e B N HF — I 2 R A - ) %Eﬁ? 3
AT BHE AR [EI R - WK SRR PR RV P A I EEE A 2 8im A ZI*E
?m%\'ﬁ%ﬁm?ﬁ%ﬁﬁ%Z@ﬁ@T%MﬁE’%EﬂfLﬂﬁ%A’
BUEEFR(ETE 2-3 /NFEIE] 52 (& 10) -

B € D E F G H I ]

1 g A SR B R T 7 12) 0.008785748 m"2

2 105HEER 15k H5aE 640 295.5 105457348 2 (m) 14.96854821 kg

3| ZEREBE 1.225 kg/m™3 FHdx ~ dy=(Cd* 252 #kiEi )2 0.000710328 | 0.002603459
4 | FESIABCx 0.132 [H&#Cdy | 0.4838 \ KFERIEEVX(0) 186.9206102 m/s

5 10SHEER | 00528828 m L FIEVY(0) 55.80116975 m/s

6 ik 195.0719997 m/s At 0.001 s

7 EIIINEEE) 9.81 m/s™2 T IR KPR ax(0)= -(PHd/m)*Vx(0)"2 -1.658034184

8 {oprz 16.621875 i - EFF DI ay(0)= -(Hd/m)*Vy(0)2+e) | -1035157379

9 Vk(x.y) 4546685909 237.4920013

10 k(x,y) 4634746085 24.20017445 Vy#& bR 55.02900718

11 fe iR PS.58685406 | ik i G FIS4.47801 | [ %] 156371143 4aes T[] T112 8 JRfTEERE 20000058509
12 IRFfEI (L) Vx(t) Vy(t) | Vy()F X Y| Y(OF% ax(t) ay(t) | ay(O)b
13 0.001 1869189522 55.79081818 0.186919781 0055795994 -1.6580047702  -10.35137288

14 0.002 1869172942 55.7804668 0373837904 0.111581636 -1.657975357  -10.351172

15 0.003 1869156362 55.77011563 0.56075437 0167356928 -1.657945944  -10.35097117
5597 5.585 1780975126 0017924767 1018916024  154.4769988 -1.505202074  -9.810000056
5598 5.586 1780960074 | 0.008114767 1019.094121  154.4770118 -1.505176632 [ -9.810000011
5599 5.587 1780945023 | -0.001695233 1019272216 154477015 -1.50515119 -9.81 0.8 |
5600 5.588 1780929971 = -0.011505233  -0.011505233 101945031 1544770084 154.4770182  -1.505125749  -9.810000023  9.809999977
5601 5.589 178091492 -0.021315234  -0.021315233 1019.628402 154.476992 1544770116  -1.505100308  -9.810000079 ¢

k

Wt)z#fadh s g » KREBERSI

25 4 0% R /) #25.586%) £5.587F) & 4]

).809999977
).809999921
PSRBT IR AR

hoik B E & AR
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0 AT EH-HETSE) LHESUIE D50 I TR TES ST LEOH S SIS < BSISRBR 5357 AUSSITOS0YY)
50 IS ERFETSS) IS 050 SIS TR TR BN T2 DR ST (SIS B? 4387 (S AUSEITOR001)
0 AR EHFESE) LHUASSE 54 IS e FENS EEN ST LRSS < (OB 4357 SALSS25)
s TS EEAESY) HEAIESY] 5 T e TS B 0 OO SIS < GO B 33T SRV
30 ATHAE EHHEESE) LHOHASY, 7575058 0TI B 6T EGBO IS 2 SO BHM 387 LSRR

10 SR ARLH P 108 {12 o s A e B

BN © EEEE

’d -~ SBOREEEE

Ry T EKHL Cdx K Cdy {H - {5 B A & S BEME AT DS REUE » A
T ESEAEEE - #E o E A PTS(EATRF ERE 2 K2R (VX)) RS E 2R
& (Vy) RlETEZIFR %% E - S5 AerU) ROREERE - FEEFRAmRE
BEM T PR DR RN Cdx K Cdy {8 » Ili{# A EXCEL' VLOOK UP |
HBOHEER BN E AR A 0 R RE @) Cdx & Cdy i i+ EEEHEE
BRMEg[EFEH) > =H T VLOOK UP | EINRE » oI KIE4E M EER R > 48
BEREGE AT (& 11)
1~ Vx (t) =VLOOKUP (L2,$A$13:$B$70000,2,TRUE) > 1t N #EHELATHTHT o
2~ Vy (t) B&=VLOOKUP (12,$A$13:$D$70000,4,TRUE) » 13 N & #LAZENA o
3~X (t) =VLOOKUP (L2,$A$13:$E$70000,5,TRUE) > 1 F#E#L/AZCENH]
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{FH EXCEL fa i (DI G FoAmiote 2 SR B = B 4H
5~ %A= (- (ATAN (N2/M2) *180/PI ())) *17.7777777777777 °
6 ~ FEAERTI=- (M2/N2) -
7~ K (FER) = ((M222+N2A2) 20.5) *3.2808399 -

8~ RE (AR) =S2/3.2808399 -

L M N 0 P Q R [— T
L5 (0) V() Vy(FF X Y(ORF A Z&FHERY) A ALHH(m)

10 | 1716910411 1282011451 1790901565 = 595138078 2489599915 4.009588557 5805453 17695021
ATOO0T | 1716896423  -12.8296056 = 1791073255 = 5947099244 249.0149503 ' 4.008667366 580.548383 17695115
10002 1716882434 -12.83909655  1791.244944 249.0699076 4007746598 580551468 176.95209
10003 1716868446 -12.84858735 1791416631 249.1248636 4006826251 580.554554 176.95303
10004 | 1716854458 -42.85807802 1791.588317 249.1798182 4005906325 580557642 176.95397
10005 | 171.6840471 4286756855  1791.760002 2492347713 400498682 580560732 176.95491
10006 1716826483 4287705893 1791931686 = 59.25677323 249.2897231 | 4004067737 580563823 17695585
10007 1716812496 1288651917 1792.103368 = 59.21390091 2493446734 4003149073 580566916 1769568
10008 1716798509 -42.89603927 1792275048 249.3996223 400223083 580570011 17695774
10009 1716784522 4290552923 1792446727 = $9.12812781 2494545698  4.001313007 580573107 17695868
1001 1716770535 1291501905 1792.618405 5908522703  249.509516 _4.000395604 580.576205 17695963
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{EERRE( Combat Effectiveness ) Hli& &k /7 - i 52 - EE LI 4S iff Hodgson,
J. (1957) f2HAEEREE (Combat Effectiveness ) ¥ EHXREE TH)—TEE & >
TR A FRAYIE Y T H2E A R T8 TRk H AT - *Philip Hayward

(1965) isH—ES mENE S S E B EEGGREN 7 A B A EE TN
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Horp x (REIGERAIEETT » z (URIERE L TRIATA AN = - BIEOA -
BEAER - AFfS
p (z) = {ERRIFEFRN z HUER -

AR PRI A
P (S)=|f(x,z)p (z) dz =G(x) (2)

Hayward FIEERHY T ZUERFRGHEE - 2 M EE1LE B Z MRV ELEHE -
R ME RN ERAIEE S - BHUARBANRE ~ (FHERTE T

! Hodgson, J., "A Generalized Analysis of War Gaming (CORG Memorandum),” CORG Memorandum,
Tech/Ops, Combat Operations Research Group, 1957.

2 Philip Hayward, "The Measurement of Combat Effectiveness, " INFORMS Operations Research, 196
5, Vol.16, No.2, pp.314-323.
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® Hammes, T.X., The Sling and the Stone: On War in the 21st Century (St. Paul, MN:Zenith Press, 2
004).
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15 e 1 o S R R g -
Jung W. et al. (2019) B[RRI E R BCIN A — » BE L &
7 5096 (BT ZE SR B B s AR Al P A B S (R RE A B T ([ 1)° -
B AR AR F 22 i A RS T F e SO =B 72 S - s A B EER
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EEAS A LIS EERREEERNE - W5 TIESAVEET® © Zheng
(2011) % H SEHTHE4E E TN B 2 SR T BV MR e e At - smaB e A HL TR T4
G o A DUE S AR o 2 B M R A B A AR Y R T 2 1 - “Seo et al.

* Moorthy, J., Lahiri, R., Biswas, N., Sanyal, D. et al., "Big Data: Prospects and Challenges, " Vikalpa,
2015, Vol.40, No.1, pp.74-96.
° Jung W., Mario Marin, Kyungeun Lee, Luis Rabelo, Gene Lee & Daeho Noh, "Weapon Combat Effe
ctiveness Analytics Using Big Data and Simulations: A Literature Review," SAE International Journal
of Advances and Current Practices in Mobility, 2019, Vol.1, No.2, pp.357-374.
® Jin, C., Pang, Z., Li, H., Yuan, Z., and Wu, J., "Study on Improving Operating Performance of Hum
an Factors," Proceedings of the 13th International Conference on ManMachine-Environment System
Engineering, Springer, 2014, pp.527-534.
" Zheng, Y., "Research on Combat Effectiveness Evaluation of Radar EW System Based on Bayesian
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Network," Advanced Materials Research, 2011, Vol.204, No.1, pp.1697.

® Seo, K., Song, H., Kwon, S., and Kim, T., "Measurement of Effectiveness for an Anti-Torpedo Comb
at System Using a Discrete Event Systems Specification-Based Underwater Warfare Simulator,” Jour
nal of Defense Modeling Simulation, 2011, Vol.8, No.3, pp.157-171.

® Chusilp, P., Charubhun, W., and Koanantachai, P., "Monte Carlo Simulations of Weapon Effectivenes
s Using PK Matrix and Carleton Damage Function,” International Journal of Applied Physics and M
athematics, 2014, Vol. 4, No.4, pp.280-285.

lOBoppe, C.W. and Martorella, R.P., "Thrust Vectoring/ Reversing Tactics in Air-to-Air Combat," Journal

of Engineering for Gas Turbines and Power, 1994, Vol.116, No.1l, pp.124-132.

M, K., Wang, L., Lv, Y., Gao, P., and Song, T. ",Research on the Rapid and Accurate Positioning a
nd Orientation Approach for Land Missile-Launching Vehicle," Sensors (Basel, Switzerland), 2015, V
0l.15, No.10, pp.26606-26620.

> Osder, S., "Integrated Flight/Fire Control for Attack Helicopters," in IEEE/AIAA 10th

Digital Avionics Systems Conference, 1991, pp.287.
BLudvik, F. and Konecny, P., "Influence of the Air Defence Rocket Ballistics on the Rocket Weapon S
ystem Costs,” Sbornik, 1996, Vol.1, pp.71-84.
Yin, T. and Xie, W., "Static Analysis of Acquisition Performance of Weapon and Equipments Based
on Cost and Effectiveness," Journal of Equipment Academy, 2015, Vol.26, No.5, pp.36-40.
®Ru, W. and Gao, X., "Weapon Target Allocation Based on Cost-Effectiveness, " Fire Control and Co
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®A. S. Manne, "A target-assignment problem," Operations Research, 1958, Vol.6, pp.346—351.

YR, H. Day, "Allocating weapons to target complexes by means of nonlinear programming,” Operation
s Research, 1966, Vol.14, No.6, pp.992-1013.
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Dense Urban Environments:

The Crucible of Multi-Domain Operations
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Multi-domain operations (MDO) and dense urban operations are two
significant topics in contemporary Army research. While researchers have
looked at these topics in isolation, very little research has been done to
demonstrate the challenges and benefits of adopting an MDO mindset in a
dense urban environment. The dense urban environment provides many of
the challenges identified in MDO research in a compact and rapidly changing
space. Given the importance of cities in contemporary states, it is important to
look at how MDO thinking and research on dense urban areas can mutually
inform and provide insights. Dense urban areas and MDO intersect in three
key areas: (1) the concepts of layers and convergence, (2) the definition of
victory, and (3) the growth of the battlefield. Further, analysis of these
intersections can illuminate the character of conflict in large dense urban
regions.
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MDO in the Contemporary Operating Environment
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MDO represents the next evolution of joint operations thinking and is
significant in that it views the battlespace as extending beyond traditional
conceptions to include discussions of cultural, political, and economic factors
present in the region. The U.S. Army Training and Doctrine Command
(TRADOC) emphasizes that MDO is a ‘“layered standoff,” in that the
operations must consider multiple spatial, political, economic, social, military,
and cultural layers, amongst many others.! This fundamentally changes the
way we view areas of operations (AO) and areas of responsibility. Gen. Robert
Brown emphasizes the importance of the economic and demographic
complexities of the Indo-Asia Pacific area of responsibility in his analysis of
MDO.? TRADOC sums this up by emphasizing that multi-domain formations
must be able to “access and employ capabilities across all domains.” The
modern battlefield not only extends beyond the military domain into the human
domain, but it also will shift scales from global to local and most layers in
between. Also, these scales and domains are never fixed but are constantly
changing as conditions evolve.
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TRADOC identifies this continuous evolution of scales and domains as

! U.S. Army Training and Doctrine Command (TRADOC) Pamphlet (TP) 525-3-1, The U.S. Army in M
ulti-Domain Operations 2028 (Fort Eustis, VA: TRADOC, 6 December 2018), viii—x.

2 Robert B. Brown, “The Indo-Asia Pacific and the Multi-Domain Battle Concept,” Military Review 97,
no. 5 (2017): 15, accessed 20 October 2020, https://www.armyupress.army.mil/Portals/7/military-revie
w/Archives/English/BROWN_PRINT_The_Indo_Asia_Pacific.pdf.

® TP 525-3-1, The U.S. Army in Multi-Domain Operations 2028, iii.
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convergence, where “ multi-domain formations possess the capacity,
endurance and capability to access and employ capabilities across all
domains to pose multiple and compounding dilemmas on the adversary.” *
Daniel Kull emphasizes nonlinearity as the standard of warfare.® In other
words, operations are constantly changing, sometimes in an unpredictable
manner. Lt. Gen. Gary Volesky and Maj. Gen. Roger Noble expand on the
evolution, convergence, and nonlinearity of domains and scale through their
observation that “cyber and human domains are not limited by space or
time.” ®One concept that remains constant is the need to seize the initiative;
in this case, working in the domain(s) and/or scale(s) that best sets the
conditions for success.

3[R0 Ry B SR AU B & SH IR R R i R R SR - IR 2SI
B ARIR R A ] DUE ARUTHY S A E ~ Be I RFFET) - R E S Sy &%
FRAEST (AR 2 S - ST ER - FERIFTS BRI ETE
GESERE - S (EEUS SRR o ARHE R ELTEN © FRE - SR
SRFEAZERS - B H /DR B R B SRS E SRR B CHIE R - AR
JEARVESS AT TER T P SR A SRR R 2 22 P B PR = PR
B F B S (ERE B R E A Y - AL 18 CoAR A5 B R Y 48 2 R 2 BB
B e

While the United States seeks to seize the domain and scale initiative in
modern operations, foreign adversaries are quite adept at challenging its
efforts. Based on recent U.S. superiority in combat operations, near-peer
states seek to compete at a level below armed conflict, or as TRADOC terms it,
“win without fighting.”” Jeffrey Reilly identifies an example of this “win without
fighting” concept in his discussion of Chinese authors who advocate going
beyond traditional boundaries of warfare to achieve national political
objectives by suggesting the use of financial attacks or a virus to bring down
the electric network.® George Fust emphasizes that these layered standoffs in

* Ibid.

Daniel J. Kull, “The Myopic Muddle of the Army’'s Operations Doctrine,” Military Review (Online Excl
usive, 2017), 3, accessed 8 September 2020, https://www.armyupress.army.mil/Journals/Military-Revie
w/Online-Exclusive/2017-Online-Exclusive-Articles/Myopic-Muddle-of-Army-Ops-Doctrine/.

Gary Volesky and Roger Noble, “Theater Land Operations: Relevant Observations and Lessons from
the Combined Joint Land Force Experience in Iraq,” Military Review 97, no. 5 (2017): 22, accesse
d 20 October 2020, https://www.armyupress.army.mil/Portals/7/military-review/Archives/English/VOLESK
Y_Theater_Land_Operations.pdf.
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political, economic, and military realms seek to separate the United States
from allies.® Gen. Stephen Townsend, in his review of the National Defense
Strategy, highlights the importance of winning the competition before and after
conflict.’ All of these examples emphasize the importance of adopting an
expanded view of conflict, one that includes various domains and scales
which are constantly evolving as a result of actions on all sides of a conflict or
operation.

5 B B AR PR AUV T Bl T B 25 B B B 2SIy B - SRR A
T e RPREGERIYIE Ry o BB SE BRI TEIA BB AL - B I VCRE 1R LA
(AR el 28 T SR 5 - SR TR RS B e Y T A BRI A2
TT o "R AR GIRET T RETE A ST, AR S R AR A
HEANE R - 558 AR P FH R FAVIEZS - A RE 2R R BUE H AR -
B AR A BN B EURAE R T YA AR - & G BT R RS L AR
Sh ~ GOF R RIS G E - BAE BRI « PSS AR E B
M CEUPIEINS ) HEUaram o - fEEZEprEE2e(t mivm +EE 2
ST o 1O bl B T B PR 2 O R T BRI - R R (R A L £ 4
SEFFEHEAE T > F TS S ER T TR A [F [ -

Dense urban areas represent one of the most complex operational
environments due to the coalescence of various domains and scales. Here,
the contest to control scale and domain plays out in a relatively small region,
with a very dense and complex population. It is in dense urban areas where
the challenges of MDO reach their zenith and where complexity is fluid and
rapid, both in a spatial and temporal sense.
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" TP 525-3-1, The U.S. Army in Multi-Domain Operations 2028, vii.

§ Jeffrey M. Reilly, Multidomain Operations: A Subtle but Significant Transition in Military Thought (Ma
xwell Air Force Base, AL: Air Force Research Institute, 2016), 66.

° George Fust, “Multi-Domain Operations, Bad for Civil-Military Relations?,” RealClearDefense, 8 Augu
st 2019, accessed 8 September 2020, https://www.realcleardefense.com/articles/2019/08/08/multi-dom
ain_operations_bad_for_civil-military_relations_114650.html.

1% Stephen Townsend, “Accelerating Multi-Domain Operations: Evolution of an Idea,” Military Review
(Online Exclusive, 2018), 3, accessed 8 September 2020, https://www.armyupress.army.mil/Journals/
Military-Review/Online-Exclusive/2018-OLE/Aug/Accelerating-MD/.
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The Wicked Complex Environment of Dense Urban Areas
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Today, the maijority of the world’s population live in cities. Most of the key
elements of societies including economic, social, political, and cultural
structures are more focused on urban areas than in any other period of history.
Therefore, as we study places, it is essential to understand the key cities of
the region.
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What makes dense urban spaces complex? The size, density, and social
elements of a city create a complex and changing environment. Cities are
continuously changing and are influenced by human activities as humans
strive to understand and influence activities within them. The city is a dense
and diverse settlement with a dynamic population. While certain
characteristics exist in many cities, the way these characteristics influence
specific cities is unique. Dense urban areas are also highly interconnected
internally and to the rest of the world. All this complexity creates a challenging
set of problems for an urban analyst to consider. First, what are the critical
factors that influence the evolution of cities? Once these factors are identified
and defined, how do analysts measure and model those factors? Finally, how
do the factors interact to create a series of systems that influence how a city
functions?
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To identify the important factors to consider when operating in a dense
urban area, a conceptual model is needed to organize analysis. Richard
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Wolfel, Amy Richmond, and Peter Grazaitis adopted Leonard Binder’'s model
of political development to conceptualize functions in a city."* Binder identifies
five categories of political development, and Joseph LaPalombara and William
Fierman later added allocation.”® While many other networks are also
important to dense urban regions analysts, the focus here is on the
sociocultural systems due to their complexity. The six categories all provide
insight into TRADOC's conception of MDO and how the thinking surrounding
MDO helps explain operations in dense urban terrains.
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1. Production. Production refers to the manufacturing of commodities. In
cities, labor can be divided into two categories, formal and informal. However,
the informal and formal sectors of cities are often so intertwined that it is
impossible to separate them. The formal sector of the economy is regulated,
mostly through laws and taxes, by the government. Traditionally, informal
activities are the dominant forms of employment in slum settlements and are
governed by informal leadership structures.
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2. Allocation. Allocation is the process of distributing goods and services

1 Richard L. Wolfel, Amy Richmond, and Peter Grazaitis, “Seeing the Forest through the Trees: Soci
ocultural Factors of Dense Urban Spaces,” Urban Science 1, no. 4 (2017), https://doi.org/10.3390/ur
bansci1040040.

2 Joseph La Palombara, “Distribution: A Crisis of Resource Management,” in Crises and Sequences i
n Political Development, ed. Leonard Binder and Joseph La Palombara (Princeton, NJ: Princeton U
niversity Press, 2016), 233; William Fierman, Language Planning and National Development: The U
zbek Experience (Berlin: Mouton de Gruyter, 1991), 6.
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through society. In urban areas, there are many allocated goods including land,
food, water, and medicine, among others. Allocation has an important
influence on the legitimacy of a government as insurgencies and
antigovernment movements often grow in regions where people struggle
getting basic needs from the government and rely on other sources for the
provision of those basic needs. Often, insurgent organizations use their ability
to provide goods as a method of gaining loyalty and legitimacy within a dense
urban region.
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3. Identity. In dense urban areas, groups who share an identity based on
ethnic, linguistic, religious, or other shared beliefs or attributes tend to live in
organized communities in certain neighborhoods of the city.
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4. Legitimacy. If a population believes that the government is legitimate,
it is likely to follow the laws of society. At the most basic level, legitimacy is
forged when a government provides for the basic needs of its population.
When those needs are not provided for, then the population will look for other
leaders.
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5. Political participation. Political participation can run the full spectrum
from traditional methods that include voting to violent actions against the
government. In many cities, the most common methods for participating in
politics can be significantly limited. As a result, people seek to find alternative
methods of political participation.
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6. Political penetration. Political penetration refers to how much
effective control the government exercises. This is also seen in the ability of
the government to implement programs in a specific area. Examples of this
include formal law enforcement activities within a region, monuments
promoting the national identity of the leadership, and urban redevelopment
programs that often include slum clearance. In informal urban areas, political
penetration is often minimal if the slum does not gain the attention of the
government. However, as development increases in many cities, slums are
often the target of destruction in the name of development. This represents the
most extreme method of political penetration in a slum environment. In typical
slum communities, the informal leadership has the most control.
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These six elements function differently depending on the characteristics
of a specific city. All elements of the framework are not exclusive but influence
each other. They are multispatial and multidisciplinary. The goal is not to be
reductionist but to highlight how these elements inform analysis of a city.
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MDO in Dense Urban Environments: The Connections
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As urban centers become more important, it is essential that doctrine is
reviewed to ensure that people are prepared for operations in large cities. In
concert with the rise in the importance of cities, the importance of MDO cannot
be understated. With the importance of both dense urban areas as future

\
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operating environments and MDO as a cornerstone doctrine, it is important to
review linkages between the future operating environment and evolving
doctrine. There are three key intersections between dense urban areas and
MDO that help provide some insight on what operations would look like in
large dense urban regions.
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Intersection 1. Layers and convergence. First, TRADOC refers to
MDO as a layered standoff. It would be difficult to find an environment with
more layers than a city.!®> Dense urban areas include multiple levels, from
subterranean through the surface to above ground, and both in buildings and
in aerial technology (drones, planes, etc.). Beyond the physical layers of the
city, there are also significant amounts of human geography layers that exist in
the city. From economic to political to cultural, cities are a complex
combination of frameworks that influence the functioning of the city.
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Identity is one of the key themes that begins to shed light on the
complexities of the layers of the city. One example of how identity influences a
dense urban region is the creation and perpetuation of migrant communities
and transnational identities. Victoria Lawson describes transnationalism as
“the extent to which migrants maintain plural identities and experience
complex relations of incorporation and resistance to projects of globalized
modernization, urban progress, national belonging.”** This concept of
transnationalism is critical as migrants navigate new influences on their sense

B TP 525-3-1, The U.S. Army in Multi-Domain Operations 2028, iii.
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of identity and reexamine their sense of belonging, exclusion, and affiliation.*
The process of transnationalism shows the complexity an individual faces as
various networks are all intertwined to influence a person’s experience in a
City.
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TRADOC also emphasizes that multi-domain formations must be able to
“access and employ capabilities across all domains.”*® Traditionally, the Army
has looked to multiple physical domains (e.g., subterranean, surface, and sky).
However, in the modern dense urban environment, this extends to multiple
layers of human geography operating in a city. This extension brings a
renewed emphasis on intelligence, civil affairs, host-nation counterparts,
regional experts, reach-back capabilities, and a commander who is not
necessarily an expert on the specific AO but has a well-developed sense of
general knowledge to ask the right questions of the right experts.
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In addition to the various layers of an MDO, TRADOC stresses the
convergence of these layers in a given area. TRADOC sees convergence as
the “rapid and continuous integration of all domains across time space and
capabilities.”*” Scale is never a given in any modern operation. Actors will

Y Victoria A. Lawson, “Arguments within Geographies of Movement: The Theoretical Potential of Migr
ants’ Stories,” Progress in Human Geography 24, no. 2 (2000): 173, https://doi.org/10.1191%2F0309
13200672491184; Wolfel, Richmond, and Grazaitis, “Seeing the Forest through the Trees,” 5.

% Wolfel, Richmond, and Grazaitis, “Seeing the Forest through the Trees.”

6 TP 525-3-1, The U.S. Army in Multi-Domain Operations 2028, iii.
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attempt to shape the operational environment to function at the level where
they have the greatest influence. This is especially relevant in a city where
multiple scales and geographies converge on a block-by-block basis. Hostile
forces might use subterranean environments to shape the battlefield due to a
perceived advantage there. This is countered by efforts to force hostile forces
above ground into a decisive conflict on terms beneficial to friendly forces.
This negotiation of space is one of the key competitions that will take place in
any urban operation.
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In addition to the physical convergence of scales, there is also the
convergence of human geographic frameworks that influence development
within a region. Whether a government is viewed as legitimate, and therefore
has the ability to have its message penetrate a local region, it is strongly
influenced by its ability to allocate basic services within a region or if the local
population believes it shares an identity with the government. In a large city,
where populations are extremely diverse and provision of basic services is a
complex operation, governments struggle to remain legitimate, often for
reasons that are not transparent. The reasons are often hidden by the
complexities of converging scales and geographies.
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Intersection 2: What does victory look like? The changing nature of
modern military operations has increased the difficulties in defining objectives
and, as a result, defining success or victory. Near-peer states compete below
armed conflict, what TRADOC refers to as winning “without fighting” or
blurring the distinctions between below conflict and conflict.'®> An example of
winning without fighting is identified by Reilly in his review of Chinese authors
who advocate going beyond traditional boundaries of warfare to achieve
national political objectives to include financial attacks or a virus to bring down
an electric network.'® Anthony Clas echoes these conclusions in his review of
soft power and noopolitics, which is a political science concept referring to
knowledge politics using media as a vehicle for knowledge dissemination.”
He emphasizes soft power and noopolitics as tools to control the attitudes,
opinions, and moral values of the general population. On the strategic level,
Kull sees competition at the below conflict level as a method to control
population or dominate terrain without a protracted, attritional campaign.”
Fust sees layered standoffs in the political, economic, and military realms as a
key method to separate the United States from its allies.?
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*® Ibid., vii.

9 Reilly, Multidomain Operations, 66.

% Anthony M. Clas, “Commanding in Multi-Domain Formations,” Military Review 98, no. 2 (2018): 92,
accessed 20 October 2020, https://www.armyupress.army.mil/Portals/7/military-review/Archives/English/
Clas-Commanding-Multi-Domain.pdf.

2L Kull, “The Myopic Muddle of the Army’s Operations Doctrine,” 2.

22 Fust, “Multi-Domain Operations.”
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In recent years, the United States has seen leaders declare success in an
operation, only to see that perceived (or misinterpreted) success devolve into
instability. This is the result of an AO that is no longer solely comprised of
combatants but is now more of a spectrum of combatants to noncombatants,
to varying levels in between, whose definition of success and security may
differ from traditional military definitions. This mismatch of definitions is
magnified in a dense urban environment, where people of differing identities,
levels of participation, and goals live and act in close proximity, often
overlapping. Understanding the vast differences in objectives between groups
Is a prudent point of departure for discussions of goals and achievement.
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TRADOC raises an important question: “How does the joint force
compete to enable the defeat of an adversary’s operations to destabilize a
region, deter the escalation of violence, and should violence escalate, enable
a rapid transition to armed conflict?”*® Unpacking this question introduces
some very complex problems that must be addressed in modern operations.
In order to defeat an “adversary’s operations to destabilize a region,” one must
understand how an adversary will seek to destabilize a region. This is often
done with the human geography of a region.
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Legitimacy is a key point of competition within a dense urban region. The
lack of formal government involvement in slum communities creates a power
vacuum that insurgent movements view as an opportunity to gain influence.

% TP 525-3-1, The U.S. Army in Multi-Domain Operations 2028, v.
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As Conrad C. Crane emphasizes, “Based on their own definitions of
legitimacy, the people of the contested region will decide the victor.”** This
victor may or may not be the group that physically occupies the territory at the
moment.
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In an environment of insurgency, the struggle is to be recognized as
legitimate. Frank Ledwidge echoes this statement in his conclusion, “Complex
insurgencies are powered by injustice” and ‘legitimacy is the main
objective --- without the host nation achieving legitimacy, COIN cannot
succeed.”” When a government does not provide basic needs for a place,
typically, a group outside of the government will fill the void and provide those
basic needs to gain legitimacy and potentially remove the power of the
standing government.
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Stuart Eizenstat, John Porter, and Jeremy Weinstein emphasize the
importance of legitimacy in a discussion on development. To them, the
‘legitimacy gap” refers to the government’s need to “protect the basic rights
and freedoms of its people, enforce the rule of law, and allow broad-based
participation in the political process.?® This is paired with two other gaps
identified by Eizenstat, Porter, and Weinstein: the “security gap,” where states
act to provide safety and security to their citizens; and the “capacity gap,”
where a country allocates basic services.”” When governments do not
address these gaps, their legitimacy declines.

# Conrad C. Crane, “Minting COIN, Principles and Imperatives for Combating Insurgency,” Air Space
Power Journal 21, no. 4 (2007): 57, accessed 20 October 2020, https://www.airuniversity.af.edu/Port
als/10/ASPJ/journals/Volume-21_Issue-1-4/2007_Vol21_No4.pdf.

% Frank Ledwidge, “Justice and Counter-Insurgency in Afghanistan: A Missing Link,” The RUSI Journa
| 154, no. 1 (2009): 6, https://doi.org/10.1080/03071840902818530.
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In a city, slum communities are often source regions for alternative
sources of governance because basic needs and security of the local
residents are often not met by the government; as a result, a legitimacy gap
appears. In these gaps, insurgents often operate to foster volatility. In slum
communities where populations are quite large and can approach one million,
political legitimacy is an essential component of stability and ultimately, victory.
Traditional concepts of victory, or achievement of the objectives of the
operation, are clouded in cities. The physical occupation of space, which is
challenging at best and more than likely impossible, may not even be the most
important objective in an operation. This requires a multi-domain approach to
thinking and defining objectives. While physical occupation might be important,
the provision of basic needs, or a certain need, might be more important and
will create a sense of legitimacy within the region. Understanding the nature of
the region will help generate a greater level of success.
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Intersection 3: The growth of the battlefield. One of the primary
changes in modern military operations is the growth of the battlefield and the

% Stuart E. Eizenstat, John E. Porter, and Jeremy M. Weinstein, “Rebuilding Weak States,” Foreign A
ffairs 84 (January-February 2005): 136, accessed 8 September 2020, https://www.foreignaffairs.com/a
” rticles/2005-01-01/rebuilding-weak-states.
Ibid.
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AO. No longer can the AO be delineated as a discrete line on a map. Modern
technology has enabled connections to extend beyond a single region. Kull
emphasizes that nonlinearity is now the standard of warfare.”® The adversary
will endeavor to strike a support area using a variety of means including, but
not limited to, cyberattacks, information campaigns, terrorist actions, and
traditional kinetic actions. Gen. David Perkins echoes this conclusion in his
observation that hackers are looking to target dependents in the homeland.?
Volesky and Noble succinctly explain the increased range of threats in their
conclusion that cyber and human domains are not limited by space or time.*
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This increase in the size of the AO has substantial impacts on mission
planning. The effect of linkages, facilitated by globalization, advances in
communication technology, including social media and traditional media
access, represents a shift of geographical scale that challenges the
conventional concept of a distinctive operational environment (OE) that can be
isolated for analysis at a local scale. Modern regions exist in multiple scales
from local actions to global decisions that impact local citizens. In terms of
modern military operations, actions at the smallest scale, even down to the
scale of the individual soldier, have potential strategic impacts at the theater or
even global level. These interactions across scales must part of any analysis
of a dense urban region.
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% Kull, “The Myopic Muddle of the Army’s Operations Doctrine,” 3.

# David G. Perkins, “Multi-Domain Battle: Driving Change to Win in the Future,” Military Review 97, n
0. 4 (2017): 11, accessed 20 October 2020, https://www.armyupress.army.mil/Portals/7/military-review/
Archives/English/MilitaryReview_20170831_PERKINS_Multi-domain_Battle.pdf.

% \olesky and Noble, “Theater Land Operations,” 22.
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In addition, the conventional notion of the AO and the OE is also
challenged by the connectivity of the modern urban center. Cities are
interconnected globally by many different mediums, including economics,
culture, modern communication technology, and social media. While some
Army doctrine does address cross-border threats, the influence of information
is vastly different than military or paramilitary forces crossing a border and
influencing an AO.*' Recent examples including the Arab Spring and the
Occupy movements demonstrate that the ability to control information in the
modern age is limited at best. Also, actors create virtual communities and
shared ideologies using social media and modern communication/information
dissemination techniques in an effort to gain influence in a region.** These
examples also show that as governments tried to restrict access to social
media in an effort to slow the influence of social movements, those efforts to
restrict access had the opposite effect and acted as a unifying force to bring
together various disparate social movements under a common goal and
created, or increased, a legitimacy gap.*
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%1 Army Techniques Publication 2-01.3, Intelligence Preparation of the Battlefield (Washington, DC: U.S.
Government Publishing Office, 2019), 7-8.

% Richard L. Wolfel et al., “It's in There: Rethinking (?) Intelligence Preparation of the Battlefield in M
egacities/Dense Urban Areas,” Small Wars Journal, accessed 19 October 2020, http006812s://small
warsjournal.com/jrnl/art/it%E2%80%99s-in-there-rethinking-intelligence-preparation-of-the-battlefield-in-me
gacitiesdense-urb.
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International social movements demonstrate how political participation
can impact actions in a dense urban environment, often from a great distance.
In cities, where conventional methods of political participation are limited,
people often look for alternative methods of participation. Participating in
social movements is often one of the most common alternative methods of
participation. While movements focus on local issues, the movements often
have strong local motives that link to international issues and tend to be
especially influential.
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Contemporary social movements developed through the rise of
globalization and the embracing of new communication and social media
technologies. Manuel Castells observes that the modern age of social
movements is less about at regime change and more about exploring the
“construction of meaning in people’s minds.”** New social movement theory
emphasizes that modern movements are about smaller groups coming
together to establish larger networks based on shared ideologies that are
typically centered on a larger societal issue. Castells identifies the Arab Spring
and the Occupy movements as two examples of contemporary social
movements that brought together disparate groups around a societal issue.*
Modern social movements are quite adept at the use of social media as a
medium to organize. Castells refers to these as “networked social
"% While the internet provides a virtual location for meeting and
planning, the movements are still required to occupy physical space in order to
be noticed by other groups and the state.®” The spaces occupied by social
movements are essential to the success of the movement as the places are

“charged with symbolic power of invading sites of state power or financial
institutions.”®® These “occupied” spaces also create a space for debate and

movements.

¥ Manuel Castells, Networks of Outrage and Hope: Social Movements in the Internet Age (New York:
John Wiley & Sons, 2015), 62.
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involvement in the political process.® It is in these occupied locations that
social movements shift from ideology to action.
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One important lesson we must learn from the Arab Spring and the
Occupy movements is that traditional conceptions of boundaries no longer
exclusively define political participation. These movements extend far beyond
traditional definitions of the battlefield, the AO, or the OE. Therefore, as we
plan for operations in dense urban areas, it is essential that we consider the
impact of actions on wider communities beyond the traditional boundaries we
have seen in the past. The actions in one area could embolden actors in a
completely different region.
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Conclusion

The sheer influence of dense urban areas in terms of demography,

3 \bid.
® \bid., xiv.
% \bid., 2.
% \bid.
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culture, economics, and politics requires the Army to prepare to operate in
cities. The wicked complexity of urban regions requires any operation to be
multidomain. The basic tenets of MDO add insight into operations in a dense
urban region. When the key notions of MDO are mapped against a framework
for dense urban analysis, the intersections that result provide critical insights
that commanders must address when operating in a dense urban
environment.
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First, cities are multiscale. This includes both physical and human
geographies. Operations will occur at subterranean, surface, and above
surface layers. In addition, operations will be influenced by the economics
(production and allocation), politics (penetration, participation, and legitimacy),
and cultural (identity) geographies that exist within a tightly packed, dense
urban region.
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Second, the definition of success is another challenge in modern
operations, especially in cities. No longer is victory defined as defeating an
adversary force on the battlefield. Modern conflict occurs at various levels,
and often adversaries will seek to contest the competition at the level that
serves them best. Often this becomes a competition of legitimacy in which
various actors seek to influence the local population. This is commonly seen
as an insurgency/counterinsurgency operation within a dense urban area. The
view of legitimacy has an impact on both the ability of a government to push its
message to the local population (political penetration) and the local
population’s participation in local politics.

HA > ERAERITE T > RIS —TAE - A FEUE &AL

117 FEEEmEETEE 193 #2021 46 A



% S EEAE A B
i DR - SRRV EZER A EEH - B ES E s Am ey
BT - &E RENEEENEEE T AET B GsORE Bt
ANRitifE 2] » THARW AR RESORELTEIF T #4E - AR E
TIHERBUN 2 S AR IEHE KEM N RATFEZ(BraziE )  IREAR
HEMBUAH 2 EEY -

Finally, the size of the AO has substantially increased in the modern era.
The rise of modern communications, especially social media, is especially
significant as information flows between an urban center and regions that are
not close to the city. Also, attempts to seize control of modern technologies
(e.g., cell networks and the internet) often have the opposite effect as intended.
Rather than bringing an oppositional force under control, it often emboldens
the force and extends its influence and creates sympathetic support in
formerly neutral or allied forces as its daily patterns are disrupted by the loss
of connectivity. This was especially visible during the Arab Spring protests in

Egypt.
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The future of warfare is both multi-domain and urban. Rather than viewing
these areas in isolation, urban operations need to be viewed as inherently
multi-domain. The conclusions from MDO research offer important insights for
planning operations in dense urban regions.
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