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Abstract

This study analyzed military personnel survivability in regards to offensive operations according to the
scientific military training data of a reinforced infantry battalion. Scientific battle training was conducted
at the Korea Combat Training Center (KCTC) training facility and utilized scientific military training
equipment that included MILES and the main exercise control system. The training audience freely engaged
an OPFOR who is an expert at tactics and weapon systems. It provides a statistical analysis of data in
regards to state-of-the-art military training because the scientific battle training system saves and utilizes all
training zone data for analysis and after action review as well as offers training control during the training
period. The methodologies used the Cox PH modeling (which does not require parametric distribution
assumptions) and decision tree modeling for survival data such as CART, GUIDE, and CTREE for richer
and easier interpretation. The variables that violate the PH assumption were stratified and analyzed. Since
the Cox PH model result was not easy to interpret the period of service, additional interpretation was
attempted through univariate local regression. CART, GUIDE, and CTREE formed different tree models
which allow for various interpretations.
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B A $EE FIAIAC|RR o]E Bty vl o]H7] wlRolty. ¥Hd 9] & HTEid
L7 #tsl AFEE W (Korea combat training center; KCTC)E 293le] Ryuidle] AA3} §AF
S AREFHES APt glon, FHIF AT BE AL dolH FEE S AW AgEe] £
FTES S A A

N

Eot 23 # ¢ AR At @ B F A 444, &/2HF 5
32k A3 5L 58 52 AFEHE (after action review; AAR)3F STt
S ARE] B F8 ATE Bed 20k Kimdt Kim (014)4% tE8ALAS B
TARAL 48 89de A 3Hgon, Kim S (2013), HodsonT}
Baldwin (2009) 52 &3 AETHES +H37] Hgt ]2 I M&S(modeling & simulation)
W gl gkl RS AAISEITE Herl 5 (2005)2 Hoje] 715 Wele4 fEE o =517 Y3 v
9] #stsl AEE A CMTC-LF(combat maneuver training center-live fire) ] o]E]& ©]-&3} it}
£ RE 5t AFEA st T3 SHA e A7 FE o] F e
= O FAnd A3 Aoz AEeA ) FARR P (military doctrine) 2
A A A5 2RH 245 A7 BA gt 333 AFEd A5 AsAd
AR E S AFshed] v EA o)1 WUist A8t FAHE JSAE B B2 A7 9
Sl TARR O EE Gl Ho] o2 tEe] 21 stdFEl A dtlolHE 73]
A oz FAdHETh 2 Aol 3k AEEH oy dE7EEE A dHeolHE FA
Aof| ZolatA Aghete] £ ot st AEXE R (survival data analysis) U] 44 2
S0l B BES XA, Barney (2002)¢] &AM §52d o]F 4aEE A8 AT
Schmidt3} Witte (1989)2] AA2F 24 & Al AT 5 TRt Fofof] Ago] At
714 S7E Bt ¥4 383 AFEH 235 Cox PH(proportional hazard) X
It AEEAE S FREH Fg3te] AeAY T[T A5 A2 - A
Attt ksl AFEEYH A7 = ST (censoring) ©] A3 2w AZEA|ZH(survival time)
Ao A Cox PH B o] AAsin, A= B8E ALTo RN thgst
A ARE 717 oy RUEE 749 4 EEdY S < fst A o] o5 FHSN
= 54 A B} o AEE AFER = A8 S ShedTol 48
H H % Alelel= Aoltl. 4], Grambsch and Therneau A& £3l Cox PH 239 v|gA 713 S
gl o] & Huishks BTE AA3] AEste] digE AAE YA AR, durdos a4
CART (classification and regression trees) 7|¥Fe] AAE U (survival tree) 23 ¥ olyz} A&
2o Mg Aele] HE(bias)EAI 7} FEH GUIDE(generalized, unbiased, interaction detection
and estimation) ¢} CTREE(conditional inference trees) 71WFe] 28-S F7} 283} ).
B =79 742 v 2k Al 28004 HEE ARFA NES ey A EAuse
Al AEEA d AEEAS A% YRR tisf avfsitt. A 3FA= Cox PH 28 2
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FEAZ A7 AT ERE A FlEd W 75 - 5ol o|277HA] et BAow &
S5 5349 Fslsl EAAAE LVC(live, virtual, constructive simulation) | A2}l 2} o] &
Live AAS 79 Edde TH 7} MILES(multiple integrated lazer engagement system) %}
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Rz A% 9 AelEn. o) 2o 29E FH6) A3 KCTC AF Fa4)A] MILESE 283}
T )Eeke Y W Bule) AFAF0] B BE ol AN FAFARRE 2315 0) A2 T,
AAEDC] AR = 4F 2 QPR A%, H9, FEAL, AR 5o A4 @ A ARE A

w5 wo] o3 ssl At £ Welo] A4 B ol

s 3719 A4 2 S ALAE QA% FAS BAR R
Aokn Aol dolA FA FAE LAN] AFA o

oW WALE B3 BAY PFolnE = AR thEEgeolq FAMACIh Ty

F Fulel 22 379 K-1, K-2 £32 WE3te] TOW taxals], admel, A% 52 u5ste]

5,60091%2) A Se] MILES Al2dlo] £t} £ Fdo] 371 95 AAS 24718 Dol

Rasin AREY] ANY FALS F3) TAvlH FUOE FAFARRA AT YT 213
T

= “ o
AFE A% DA} 5 ASWETh = AR BhIF (opposing force) T 2] WA 2 3}
T FAG BAL A5 A A2 AR AAse] £ A
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Figure 2.1. (a) Kaplan-Meier estimate and pointwise 95% confidence intervals of the survival function, (b) Survival
function by RPART for each terminal nodes, (¢) Survival function by GUIDE for each terminal nodes, (d) Survival
function by CTREE for each terminal nodes.
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AY AR 9], DAY oM E TiF ARE 7] w2 o] AxHBo=m J_E:h‘s} Save2} Cmax+
AgAow ofngle WS4 B £ Ark Misione A&7 Q%o e} AFR, 3 L ARFA=A
o, 2E 0 AT, TUROlS o7, B, A 5 A8 el 5 BEE RS, IWE B3,
K-1 ¥ K-2 &%, K-3 7|#&&9] 370 —?—E? 3t}

2.4. Cox PH 2% % U223 A0
H HoMe B A9 o224 Ao
S0l B3] HPR e PR P4
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oz fr

2.4.1. Cox PH 2d  F=8d 289 2TS & S5HC0E s AERAANEE 24
2 B % (life-table) ¥WH T} Kaplan-Meier 328 o] &3l H|R LA (non parametrw) “ﬂ AL

AZko] A52E, Shol ¥
9lth. &3 Cox (1972)9] A2 7V A ) +<=(hazard functlon) e 'HE
Cox PH 23e] SIoh o 2L $2ol 8 42 3 QAT fohe RFE FATHE Dol 2

3 A t)E w2 7 e 71AA %‘E‘—’F(basehne
hazard function)o]™, ﬂ = (B1,...,0p)= 3AAGTE FRFEF 7,7} 3 &9 Z71 wjulc) exp(Br) T
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A(t; Zi) = Xo(t) exp(Z:3). (2.1)
T A sk o] AR A 1@l Al &SR] ekl 4 RS frAE s 4ol o wlE
Admgolet drt. ojs 4P BFY BE ARSI BE ARNA ARl A S
Aoz Agarie n#9)e HoE Cox PH 2o 22 7bgolth. Altman S (1995)—3— 1307] =
B2 TR 5702 94 B9 AL A= A3}, Cox PH 39S A58 437 =8 5 1ANY
7149 S AFS =22 o 27dS st FUe] A KOMCI(Korean medical citation
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(http://komci.org) el Al 20063 1€HE 2010d 11-9]771-11 53d7F Cox PH R¥8< A&
Sk 1147] =8 S v]d9 g 7139 S92 AFS =82 670y BF T2z ks o] 83t FQl

33
I 3 F shbe @A ST aAskEAE Bt 28 Cox PH 23S B3 244 A3
B AFE PR AMA 7ol thst Eele] F gt v E TS Atk A Ad3] 2y
= 7RAdsforstth vl E 7HE e Auliehe A AEst By ko] B8 stal, I thto R AZR-9
& A% (time-dependent covariates)S Z-83F 23} H4E S (stratification) d+ R} T2 3

FH Cox 2L 0|88 4= It} (Leel}t Wang, 2003).

2.4.2. MZ=2AM 7129| LIL2H U232 o A2 12 (decision rule) S =3 A}
o]l Hl= FdE F 7 AT oz BF(classification) AL} of| 3 (prediction)& 43 3h= H
oItk (Choish Sco, 1999). LRR LS BF EL o|5g BHO2 st AFE AHSE & gon 7
M AR A e Asbenth Bamnge) Aol Aas A%l o F8aA AR
(Choi®} Seo, 1999; Ahn¥} Loh, 1994). & AoA= A2 EAo] Ao|dt Al 714 UYFEY 2 A&
o] Bje) YA AR AP

WA Breiman 5 (1984)°] CARTE HEY wkSHgo] U] Gini indexE, 943 93w o
of 4] ZAasS o]83te] o3} (binary split)3] }—* HgE 53] URRYE FAst Ho)
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UREES A3 o]F 388 (overfitting) A HAE 5] ¥]&-EF-T H = (cost-complexity mea-
sure) & A-§3to] 72X W23 (pruned tree)& THETE CARTE AAE B8 WO R AL
o] o, W4 AelA HaF(bias)o] WS A7} 9t} (Loh, 2009). CARTE F33t zo] Re]
rpart©| W, rpart+ best prediction error =+ %52 Z}(standard error) 10]U] 5 7F¥ ER=7 =
2 WEEHE 7HA At ZollA] CARTS 9t thg €aglES 71Kt} Loh (2002)¢] GUIDE:
Bonferroni-adjusted level®] F243<S ARSI WEE TS PAstL v EX|ulct 2044 ol =T oA
245 (impurity) S Z4A7]=A] g¢13ity. £3F GUIDE: AAES Zolul wWg M) Hiko] A
9o $& H ofet 71EY YRR o] HF == (terminal node)ol| A Y-SR BHFS ASXE F
+= constant &) =Z3FE Zlof| whalo] ©AA A3 3] (stepwise linear) 28, £ 3]7] (quantile
regression) 28, Z A~ 3] (logistic regression)23d 52 AT ¢ = o] A} (Chang,
2010). Hothorn & (2006)2] CTREE+ UFE3 EXE 13 W A"A &

test) o] 12 && (p-value) & °©]-§sh= el o] Y2 7HAA 715 skA] gk
rule)< Bonferroni-adjusted 2] &-&0l 7]= 3t}

AEEA AR PR ST (swrvival tree) RS FEEUARE thFEed 7€ 94
T (regression tree) ¥} 2po]7} 9ltt. rpartol] 7+¥H BEUFE YL Poisson 37| R 7123}
m EX(splitting) 7+2-& F Poisson 157t likelihood ratio test® k11, == A& =5 o|&
5 (deviance) 2 <£T}. o]z gt WL B3 CV(cross-validation) 23} o|2E7} F3izhs 2= &
AL 7HAH, ol == A& (event rate) 2] Bayes +42 59 s 2o] 7Fssttt. 53] CART
AE2URRHL PEAT log¥lEHE 3t TE28Wd 289 7AYPATETE AP g 7Hse 5
o] A% ALA WHEH(pre-scaled)S F3 T ACE Therneau 5 (2015)¢} LeBlancd} Crowley
(1992)°l] rpart AEVFEF tiaf 2pA3] AFHo] gty GUIDE+ =E=XHE AZ e 734 7
ANPETE 7HAERE =282 Cox PH 239 A2 AglE = FAE 7Hth. 22y Poisson 3
FAERY w37t E Cox PH 239 event indicators, offset H4--Z 7| A9 logHEs= 4
AE 53] GUIDE A&UERd 33 o] 71s3lth (Loh 5, 2015). CTREE A&UFE 3L log-rank
test A3} §-2)3ES o] &3 HollAl CART, GUIDE A& W22 33} th2t} (Hothorn 5, 2006).
UFEge 54 9 459 Aol Loh (2014)9} Lim 5 (2000)°l A3 Ao} glr. £ Ao
A ez e YRR & Hole EXFF o2 CARTE A g4 (exhaustive search) & 3=
1l GUIDE+ &3 (main effect) 9} A% 2H-8-(interaction) 7ol 2J3 W] # & (unbiased) WS Al
g5t31, CTREE: permutation testE dsto] v|HdF W4E AHSIRRE W Mdo] A5 HEF 24
7F A glok= Aottt &3 CARTS} CTREE+ Wasserstein Metrics& ©]-8-3Fo] Kaplan-Meier A3
247 249 A AUHIES Bek B4E Ael5jel YRERL I, WE GUIDEE
piecewise Cox PH 28-S Z&3to] YFE 232 A3t} (Loh, 2014; Bou-Hamad 5, 2011).

% (o

¥ AA (permutation
] 2|t 2 (stopping

N

Table 3.1 A 2@ oA A|AE H=of T3l df(degrees of freedom)2} AIC(Akaike Information Crite-
ria) & 4335 oA 4 (stepwise) HEAE ]S 283 295 Jepd Zojt}. o] A3e} FAREA
A7 o) AS 185t POS, BMI, Save, Cmax, MissionS AW A4 2 5= Model 45 7|2 230
2 ARt

Table 3.2+ A4 W4 tfsl] Cox PH 28-S 483 27 2 Cox PH 2&9] v/ 714 &3t
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Table 3.1. Result for Stepwise variable selection

Model Covariate df AIC Difference
1 POS+Sight+BMI+Save+Cmax+SA+IW-+Mission 12 3578.13 -
2 POS+Sight+BMI+Save+Cmax+SA-+Mission 10 3574.95 3.18
3 POS+BMI+Save+Cmax+SA+Mission 9 3573.84 1.11
4 POS+BMI+Save+Cmax+Mission 8 3573.81 0.03

Table 3.2. Result for Cox PH model and assumption test

Covariate B exp(B) S.E. p-value 1 p X2 p-value 2
POS 0.1454 1.1565 0.0519 0.0051 —0.0420 5.20e-01 0.6830
BMI 0.0795 1.0828 0.0556 0.1525 0.0267 0.1704 0.6800
Save —0.1631 0.8495 0.0800 0.0416 0.0145 0.0536 0.8170
Cmax 0.1651 1.1795 0.0737 0.0252 —0.1694 7.2911 0.0069
Mission (Main attack) 0.8772 2.4041 0.1985 9.88e-06 0.1809 9.6614 0.0019
(Sub attack) 0.7471 2.1109 0.2079 0.0003 0.1711 8.6322 0.0033
(Artillery) —0.4688 0.6257 0.2285 0.0402 0.2601 19.8840 8.23e-06
(Support) —0.7444 0.4750 0.3167 0.0187 0.1145 3.8385 0.0501
Global - - - - - 29.2691 2.84e-04
- == Main attack =1 === Hand lalie Sessiiaassasiiae
Sub attack — Hand signal ;
® — Command center P 2 Pack radio
o 7| = Atilery R d
- Support 1 (I —a
g P S 7l
¢ ' ¢ 31 i
FEp H i
o ° o o iy
o ": ‘Y
° 5 /’f
s ST o = /’/
° __\ T T T T T T e T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000

Time({Minutes) Time(Minutes)

Figure 3.1. Baseline hazard functions for Mission and Cmax.

Grambsch and Therneau 77 ZA3}o|t} (Grambsch®} Therneau, 1994). p-value 12 & uw] POS<2}H
Mission©o] mj-¢- §2]e2 & 4= Itk p+ scaled Schoenfeld ZHxpe} A|7F W=7t @A GolH &
A2 Azl thsll scaled Schoenfeld kx}e] 71277} ‘0ol 2l A F 7ol tist A4 A= o]
st &5 p-value 22 & wf Cmax2} Mission2 A7l e} =] 37 uQH-E M43t
£ AFMEE 7148 A7 T2 E Cox PH B39 714-E Suidhe AlZ-9)& i olt].

WA A 7F-9)& FHEF = MissionS W33 Hgolmng 23)3lo] Cox PH 239 w4z AL39Th
o] Byl Missionol] W2 Z+ Z(stratum)s°] M2 OhE 7|4 AFFFE 7HAvkaL 7pE st 9]
WUGE AT 5 U T2t Mission® DAY W52 F3} 0TS DET 49 0A B
H Fof g7 W}E} A (hazard ratio) 7} AlZbell whet Wslsty o WGl thdt e A
g4 glong 27HAQ RS B3 sl o] 8 ditt weEbA B AelAl = Figure 3.1 F 3’4’ ol
Mission®] 7zt S35 HLEE 7A@ TTE FHeo 714 siAS 3t £33 4453 e
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Table 3.3. Final Result for Cox PH model

Covariate B8 exp(B) S.E. p-value

POS 0.0131 1.0130 0.0048 0.0066

BMI 0.0313 1.0320 0.0218 0.1516

Save —44.6400 4.103e-20 25.5700 0.0809
Cmax(hand talkie 1) —1.4760 0.2284 0.5584 0.0082
Cmax(hand talkie 2) —1.2430 0.2884 0.5541 0.0248
Cmax(pack radio) —1.6080 0.2004 0.5717 0.0049

Cmax+ $A% #1742 (hand signal), Eths F47] 872 (hand talkie 1), £t5 737 &
78] (hand talkie 2), SUIF F27] & 72 (pack radio) 2 F&3to] WF3 W42 Weslal Figure
3.1 =3} o] F319 Wl 7AYETrE FA9 Y. HEE W4 Z W3S Cmax® Grambsch
and Therneau A7 A7} {9252 77t 0.3553, 0.4908, 0.411328 v A F 713S wEso).
% Byl A& Mission2 5318 W42 3L, Cmaxts AEF uE Roid 4 9l BFY W
T2 stk

Table 3.39] Cox PH B3 3 Ayl o2 £ 4 thg} &tk POS7E & &) S71e of A
E850] @ 9P Eo] oF 1.013W] Z7}3k2, Cmax(hand talkie 1)7} Z7F8 wf @ Eo] oF 0.22u) 7

-+

.
Aol Bt FAme A FEse A5 AFe] A R A 3HAS Fase Aoz sfale] Ak
=3 Missiono] e} AFAe] AT 2 Aol7h 9e- F348 A4 /AN VIR & 5 Ak
Mission& %348l W48 Cox PH 28 A8 78 A7he A55e] 4% g At 2
Aol 3748 4% 9B S/ Aoz 2w AT AA B AT
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Figure 3.2. Local regression superimposed on the plot of survival time against POS.
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Figure 3.3. Survival tree models.
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A $743t Kaplan-Meier AJ&3H=olt}. WA RPART+ AFUF Rl & Cmax® £A)38t] =& 63}
72 239t RPART Aol m2d ARAF R d Aet= At A7t 713A /A= H YL
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o] RIAAY BA PRl ALHoR YANFE ST Hopol= B3I AHE A A
FelolE, 44 BUL olgdte] A5 % WAL L o] Adolrh. 2 AekAlrle] 2w @
FAA GAER EA 5L T3 R Agol o FelHelAw, FEoR BuHE ALAte] T4
Wels A 715EA AR 03t B40) 7bg Eataoln AMH 02 KU Wolth ot AT )
Aol BRE WAT A&H Yol Fste] 7% W AAtE ATYELS AFED BAS0 93
A3 7] w ol ch

B dve Al BA8 33 424 B4 93 Asor & AFBF) e FAY B 4%
B 94 2AE NS Aol eJnl7) glek. Cox PH B2 B3 B2770] 3718 45 938 9%
£ Houm HolA =29 AFe] S50l Y240l AW, AEY 32 99 A B A 714
2 29wl AE4e] FAT w3 HUIQT WSS SH5e] 488 AT ANRE B0 2%
=, 0 FUF Aie 240 3748 £5% 424 gasE, £3 2 AAFASARTY S 57
25 BMIZF 323 8492 Sstgnt. 53, B77)70] 242 9357 3745 2e Qe
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Sdrh 2eu 598 ARstet @At AR AL wek AEFET} Holstul, FAT AR
SRl BEI30] et 4ERS HES B FUIAT ® okl B dveld 44% e ws
So] AEA ATl FLFS L 4 ATk

=

TAFE o7 23 24 E YEY= METT+TC(mission, enemy, terrain and weather, troops and
support available, time available, civil considerations) & & AFoA 43 g AsAY &4
2o duisr 23ekA] B3t LEAS, 2 A9 R SR 58 53 A agde A
o B dAFolA 23eA] 3t 715EE A, 8 RO o]AAE § uue AYHes F7H4
ol FHRY 5 FHE T3 BFP HYo] g3t 53], BMNT(beginning morning nautical
twilight), EENT(end of evening nautical twilight), AF&}x], £ 2 ARG S FALF o7 ZQ731 9
& Zte AlFZE A9E B x@ohe 22 3 AT E Fth
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