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The Application of Reinforcement Learning for Interceptor Guidance

Daniel M. Porter

(ABSTRACT)

The progression of hypersonic vehicle research and development has presented a challenge
to modern missile defenses. These attack vehicles travel at speeds of Mach 5+, have low
trajectories that result in late radar detections, and can be highly maneuverable. To counter
this, new interceptors must be developed. This work explores using machine learning for the
guidance of these interceptors through applied steering commands, with the intent to improve
upon traditional guidance methods. Specifically, proximal policy optimization (PPO) was
selected as the reinforcement learning algorithm due to its advanced and efficient nature,
as well as its successful use in related work. A framework was developed and tuned for
the interceptor guidance problem, combining the PPO algorithm with a specialized reward
shaping method and tuned parameters for the engagements of interest. Low-fidelity vehicle
models were used to reduce training time and narrow the scope of work towards improving the
guidance algorithms. Models were trained and tested on several case studies to understand
the benefits and limitations of an intelligently guided interceptor. Performance comparisons
between the trained guidance models and traditional methods of guidance were made for
cases with supersonic, hypersonic, weaving, and dynamically evasive attack vehicles. The
models were able to perform well with initial conditions outside of their training sets, but
more significant differences in the engagements needed to be included in training. The
models were therefore found to be more rigid than desired, limiting their effectiveness in new
engagements. Compared to the traditional methods, the PPO-guided interceptor was able

to intercept the attacker faster in most cases, and had a smaller miss distance against several



evasive attackers. However, the PPO-guided interceptor had a lower percent kill against non-
maneuvering attackers, and typically required larger lateral acceleration commands than
traditional methods. This work acts as a strong foundation for using machine learning
for guiding missile interceptors, and presents both benefits and limitations of a current
implementation. Proposals for future efforts involve increasing the fidelity and complexity

of the vehicles, engagements, and guidance methods.



The Application of Reinforcement Learning for Interceptor Guidance

Daniel M. Porter

(GENERAL AUDIENCE ABSTRACT)

Hypersonic vehicles are advanced threats that are difficult to intercept due to their low tra-
jectories, maneuverability, and high speeds. Machine learning is used to have a model learn
to intelligently guide an interceptor against an attack vehicle, with the goal of protecting a
target. A framework is developed and tuned to address the specifics of this problem space,
using an existing advanced algorithm. Various case studies are explored, with both ma-
neuvering and non-maneuvering attackers. The non-maneuvering cases include supersonic,
constant velocity engagements with one or more targets as well as ones with hypersonic
attackers and an initially stationary interceptor. The evasive methods include preplanned
weaving maneuvers and dynamic evasion. The test results from these guidance models are
then compared to traditional methods of guidance. Although the performance varied by
case, the machine learning models were found to be fairly rigid and did not perform well
in engagements that significantly differed from what they were trained on. However, some
performance benefits were observed, and additional strategies may be required to increase
adaptability. This work provides a foundation for proposed future work, including improving

the fidelity of the models and the complexity of the engagements.
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Recent advances in the development of hypersonic vehicles have presented new threats to
current missile defenses. These hypersonic missiles travel at more than five times the speed
of sound and are highly maneuverable, making them difficult to intercept. They also have a
lower flight profile than ballistic missiles, which makes them difficult to detect and track as

shown in Fig. 1.1.

Detected _,\“
by radar

Detected
... byradar

.
..
N

Hypersonic glider ”aje(tory “\\

O . o
% Launchsite Target ™.
* N Not to scale

Figure 1.1: Detection of Ballistic Missiles vs Hypersonic Glide Vehicles [2].

Machine learning has recently been explored as a method to train a missile’s guidance algo-
rithm to respond to a rapidly changing dynamic environment. Examples of research in this
area will be covered in Section 1.2, along with gaps in the literature that provide further
research opportunities. The work in this thesis explores the potential benefits for machine
learning, specifically reinforcement learning, to be used for the guidance of missile intercep-

tors. The role of these interceptors is to protect a target against both non-maneuverable
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and maneuverable attack vehicles.

Oi0 OO0 DOboooiod 0b ibooib boootboobooo

This section provides a brief background on the history and current state of domestic missile
interceptor capabilities. This overview also presents the opportunity for advanced guidance

algorithms to fill a capability gap against modern threats.
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The first programs within the United States to address the missile interception problem was
Nike-Zeus in the 1950s, subsequently followed by Nike-X in the 1960s [3, 9]. These were
anti-ballistic missile (ABM) systems designed to intercept Soviet intercontinental ballistic
missile (ICBM) warheads. Nike-Zeus, using the Zeus B missile, was designed to intercept
in the upper atmosphere and experienced several successful tests against both warheads
and satellites [9]. Nike-X was the successor to Nike-Zeus and addressed a number of issues
that faced the prior program, including the rapid increase of the Soviet nuclear arsenal and
Zeus’ limited target-tracking capabilities. Nike-X changed to execute low-altitude intercepts
to allow for decoys to fall behind the re-entry vehicle due to atmospheric drag, as well as
for the vehicle to pass through nuclear blackout [9]. This occurs when a nuclear warhead
is exploded in the upper atmosphere and releases highly-energized particles, causing poor
radar tracking of the following vehicles [34]. The new short-range Sprint missile would be
used as the interceptor in this system, which was able to accelerate at 100 Gs and was armed
with a thermonuclear warhead [9, 11]. In addition to this new interceptor, new phased array

radars were developed to provide the capability for Nike-X to detect and track many targets.
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However, Nike-X was ultimately terminated due to the cost of deployment and the concerns

of expanding the nuclear arms race [3, 9].

Sentinel, later renamed Safeguard, was announced in 1967 as the Nike-X successor and im-
plemented both the Sprint missile and a new longer range Spartan missile [3, 9, 11]. Sentinel
was designed to protect the majority of the United States, but was scaled down to defending
ICBM silos within the US. The Anti-Ballistic Missile Treaty between the United States and
the USSR allowed each country to only have two ABM systems with 100 interceptors each
[3, 16]. The U.S. deployed Safeguard briefly in North Dakota to protect ICBM launch sites,
and the USSR deployed its own ABM system around Moscow whose successor is still in
place [3, 16, 27]. The ABM Treaty was in effect until 2002 when the United States with-
drew, causing Russia to withdraw from the Strategic Arms Reduction Treaty 'START IT’,
which banned multiple independently targetable re-entry vehicles (MIRVs) [3, 16]. This set
the stage for the U.S to proceed with the development of a missile defense system designed

to protect against a small number of ICBMs.

00000 ODo00000 4Jiboit CJ00bdod toooooo

The current United States missile defense system is a layered network of sensors, interceptors,
and command and control. Ground, sea, and space sensors work together to detect, track,
and identify projectiles and their flight paths. Command and control is the connection
between the sensors and interceptors, and includes hardware, software, and communication
networks that allow rapid and informed decisions to be made in response to immediate
threats. Land and sea-based interceptors can then be launched as needed to protect against

an incoming strike.
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IXaX "Kv M/ Bbi?2 H biHv2 Q7 i?2 |XaX KBbbBH2 /272Mb2X Ai +
bvbi2Kb BMi?2J.a- M/ T QpB/2b T Qi2+iBQM ; BMbim)IR h22@ " M;Z
S i'BQi bvbi2K Bb /2THQvV2/ "QmM/ i?2 rQ"H/ M/ mb2/ #v R3 +QmM
r?2°2Bi? bBMi2 +2Ti2/ #Qi? KBHOEXH2b M/ B+ 7i (

>vT2 bQMB+ 02?B+H2 .272Mb2b
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6B;m 2 RXe, ai M/ "/ JBbbBH2@j UhQTV M/ ai M)/X'/ IBbbBH2@

Hi?Qm;? i?72°2 "2 bvbi2KbBMTH +2 7Q bK HH@b+ H2 # HHBbiB+ |
bBH2b TQb2 M2r i?°2 iiQ i?2 IMBi2/ ai i2b- Bib HHB2b- M/ i?2B
aJ@e Bbi?72 QMHvV BMi2 +2TiQ i? i +QmH/ 2772+iBp2Hv T ' Qi2+i ;
P2?B+RIDb £Qr2p2 - i?22°2 "2 BMi2 +2TiQ  /2p2HQTK2Mi T°Q; Kb /
272MDb2 /p M+2/ 2b2 “+?2 S QD2+i ;2M+vU. S VBb7mM/BM:;i?2:
Q;v/2KQMbi™ iQ -r?BH2i?2J. Bb 7mM/BM; i?2 :HB/2 S? b2 AMi2 -
h?2b2 "2 /2bB;M2/7Q 2M/Q@ iKQbT?2 B+ BMi2 +2Tib ; BMbii ;2]
BM; J +?2 8X h?2 b2MbQ b "2[mB 2/ 7Q  ?2vT2'bQMB+ KBbbBH2 i* +F
#Qi? i?°Qm;? i?2 T'2pBQmbHvV K2MiBQM2/ b2MbQ" mT;  /2b b r2Ht
>vT2 ' bQMB+ M/ " HHBbiB+ h™ +FBM; aT +2 a2MbQ  U>"haaV b i2HF
+ T #BHBiv 7Q i?2 KBbbBH2 /272Mb2 bvbi2K- M/ irQ T QiQivT2 b
H mM+?2/7Q QM@ Q #Bi i2biBM;X h?mb- ?2vT2 ' bQMB+ p2?B+H2 /27
M/ /2p2HQTK2Mi rBi? p 'BQmb T Q;" KbrQ ' FBM; QM 2 +? bT2+i Q7

RXk _2pB2r Q7 GBi2 im 2
h?2 +m "2Mi + T #BHBiv ; T '2; "/BM; /p M+2/ ?B;?2@bT22/ p2?B+H

+iBp2 "2b2 “+? bT MMBM; #'Q /"  M:2 Q7 iQTB+bX h?Bb b2+iBQM 7
i? i? b#22M/QM2iQ 2tTHQ 2i?2 KBbbBH2BMi2 +2TiQ T Q#H2K M
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KBbbBH2 :mB/ M+2 K2i?Q/bX h?Bb "2pB2r ?2HT2/ 7" K2i?2b+QT2 (
i?2 +m>"2Mibi i2 Q7i?2 "2b2 “+?2 bT +2 M/r?2°2; Th 2tBbi BM i?2 H
"2b2 "+?2 T T2'b T 2b2Mi bi> i2;B2b 7Q  bQHpPBM; "2H i2/ T Q#H2Kb
H2 "M2/ +QMi'B#miBM; iQ i?2rQ " F BM i?Bb i?2bBbX

ii +F 02?B+H2 :mB/ M+2

?2 pBHv "2b2 "+?2/ "2 BM '2+2Miv2 'b ? b #22M 2tTHQ BM; /p |
7Q° ii +F p2?B+H2bX u M@imbix LAY KXKBEM7Q +2K2Mi H2 "MBM; K2i?
TQHB+v QTiBKBx iBQM USSPV BM ?B2° “+?B+ Hbi'm+im 2 iQ ;mB
i ;2ir?BH2 2p /I BM; M BMi2 +2TiQ X h?Bb RpR b+2M "BQ ? b bi iB
bT22/ p2?B+H2bX h?2 BMi2 +2TiQ  BM i?Bb rQ'F mb2b T'QTQ iBQ
i?72 T°QTQb2/ :mB/ M+2 K2i?Q/ 7Q  i?2 ii +F p2?B+H2 Bb +QKT "2/ i
7B2H/b U S6V K2i?Q/X h?2 T°QTQb2/ K2i?Q/ QmiT2 '7Q Kb S6 BM
2M2 ;v +QMbmKTIiBQM rBi? bBKBH "~ KBbb /Bbi M+2X h?Bb rQ F 7C
M/ /]"2bb2b i?2 ii +F p2?B+H26b ;mB/ M+2 K2i?Q/ " i?2 i? Mi?2
HX UKWOYMP2HQT2/ K2i?Q/ 7Q° M B #'2 i?BM; 2vT2°'bQMB+ p2?
irQ bm++2bbBp2 BMi2 +2TiQ b r?BH2 KBMBKBXBM; 2M2 ;v +QMbm]
7Q  2p /IBM; M BMi2 +2TiQ Bb T°QTQb2/ BMNMX ; Hir? Qn2;i? KX+ UEKMR
H2 MBM; BbMQimb2/BMi?BbrQ F- bvMi?2bBb K2i?Q/Bb +72 i2/i"
"2 +?2b i ;2imM/2 b2p2° H+QMbi® BMibX am pBp #BHBivK Th Q7
M/ QT2 iBQM Hb+2M "BQb "2 2tTHQ 2/ mbBM; i?2B  K2i?Q/X h?22
bT22/ M/i?2BMi2 +2TiQ Bb ; BM ;mB/2/#vT QTQ iBQMkR M pB; il
2tTHQ 2/ KBbbBH2 KQ/2H2/ b TQBMi K bb BM i?2 2QKBM; T? b2-
i ;21 1 +QMbi MibT22/rBi? ~ M/IQK ?2 /IBM; M;H2X h?2 mi?Q br
.2i2 " KBMBbiB+ SQHB+v :° /B2Mi U..S:V H;Q'Bi?K 7Q° KBbbBH2 ;n
“2bmHib iQ T'QTQ'iBQM H M pB; iBQM USLV- b?QrBM; i? i bBKBH
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M/ 2M2 ;v +QMbmKTIiBQM Q++m X h?2'2 "2 MQ BMi2 +2TiQ b BM,
TTHB+ iBQM +QmH/ #2 2ti2M/2/ B7 i?2 bi iBQM "vi ;2i Bb +? M;2/
2i HX UK§%MKVbQR/ /22T M2m > H M2irQ Fb 7Q" 2vT2 bQMB+ p2?B+H2 |
BMi?2 22Mi v T? b2X h?2 Th2m/Q@bT2+i" HK2i?Q/ Bb mb2/ 7Q" +
i?72 .LL KQ/2Hb Q77HBM2- M/ i?2b2 KQ/2Hb ;2M2" i2 QMHBM2 i° D
BMBiIiB H M/ 7BM H bi i2bX .22T Z@H2 MBM; Bb mb2/ 7Q" ?2vT2' &L
“22Mi‘v T? b2 #v a?B 2i9 ¢ Ukn2pRV-(i?Bb T T2  Bb 7Q+mb2/ QM +Q
2p bBp2 K M2mp2'b Q7 i?2 p2?B+H2 ; BMbi KBMK t@+QMi QHH2,
2 +? bi iBQM ‘vi “;2iX AMBIiB H TQbBiBQMb Q7 i?2 irQ p2?B+H?2
i BMBM; i?2 ii +F p2?B+H2r b #H21iQ "2 +?2i?2 i ;2i #QmiirQ@i?
TT2 b7Q+mb QM mbBM; /p M+2/ ;mB/ M+2 H;Q Bi?Kb 7Q" ii +F pz
? p22M; ;2K2Mib rBi? i /BiBQM HHv@;mB/2/BMi2 +2TiQ b-i?2 /p
2p bBQM M/ Tm bmBM; i ";2ibX AM //BiBQM-i?2 mi?Q b mb2 +QM
reB+? /Q2b MQi ++m’ i2Hv /2TB+i "2+2MiHVH mM+?22/ BMi2 +2TiQ

AMi2 +2TiQ :mB/ M+2

a2zp2  HT T2'b 2 KQ 2 7Q+mb2/ QM M BMi2 +2TiQ 6b ;mB/ M+2
KBbbBH2X :2M2iB+ M/ T "iB+H2 br "/KQTiBKBx iBQM USaPV H;Q’ B
iQ@ B KBbbBH2T i? TH MMBMRXvhw BAY B & QYIREKEXx2b 7Q " K tBKm
M/ ?22B;?i- M/ +QM+HmM/2/i? i SaPr b bHB;?iHv H2bb ++m’ i2 #mi
iBK2i? Mi?2;2M2iB+ H;Q Bi?KX Hi?Qm;?i?Bb T T2 2tTHQ 2b K2i
M+2-i?22°2 Bb MQ b2+QM/ p2?B+H2 Q i ;2iBM i?2 2M; ;2K2Mi M/
BMi2 +2TiQ 6b T2 ' 7Q°K M+2 K2i'B+bX KQ 2 +QKTH2t KBbbBH2 K
UKykRW(rBi? 7Qm " i? mbi2 b M/ p B #H2 7Tm2H r2B;?ii? Qm;?2Qmi
Bbmb2/ BMi?BbrQ F- M/ ;mB/2b M BMi2 +2TiQ  BM 2?Q 'BXQMi H -
h?2 "2bmHib +QKT "2 7 pQ ™ #Hv iQ i?2 m;K2Mi2/ x2 Q 277Q i KBbb |
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SSPQMHV mMbBM; M;H2 M/ M;H2  i2b M/ m;K2Mi2/wlJ 2biBK iBM
++2H2" iBQMX h?2 SSP K2i?Q/ QmiT2 ' 7Q Kb m:K2Mi2/ wlJ BM p
BM+HmM/BM; p "BQmb ?2 /BM; 2°°Q'b M/ QTTQM2Mi p2?B+H2 ++2H
P2?B+H2 Bb T2'7Q KBM; # “"2H 'QHH K REmD2/b.XS..m Qi; mBX 2U Ky k R
BMi2 ' +2TiQ ' ; BMbi M 2M2Kv p2?B+H2 i? i Bb T2'7Q KBM; +QMbi
Q7 i?2 M2m" H M2irQ ' F Bb M pB; iBQM " iBQ 7Q  T'QTQ iBQOM H M
I2p2HQTBM; M2r ;mB/ M+2 K2i?Q/-i?2 . _G@i BM2/ KQ/2H /Dmbib
iBOM HM pB; iBQMX M BMi2 +2TiQ" Bb ;mB/2/ #v [22T Z@M2irQ"
K2i?Q/ ; BMbi r2 pBM; p2?B+H2 #v8piX 2?2 K2URQKKkVb2b HBM2@ Q
02 bi?2BMTmiiQi?2 M2irQ ' F- M/i?2 "2r '/ 7TmM+iBQM Bb KQ/2H:
7 bi b TQbbB#H2X h?Bb rQ"F QMHvV 7Q+mb2b QM i?2 KBbb /Bbi M+
BMi?2 T 'QTQb2/ 2M; ;2K2MibX h?2 "2b2 "+?2 T 2kPMIR/ #QNMnBM @H >
m iBQM Q7 i?Bb rQ F- b?QrBM; i? i h.j QmiT2 ' 7Q Kb .ZL #Qi? BM i’
i2bi 2M; ;2K2MibX ; BM- i?2 7Q+mb BM i?Bb T T2 Bb QMHV iQ ~2/
K M2mp2'BM; QTTQM2MiX L2m" H M2irQ ' Fb 2 mb®2) 2Qai®P8; M/ |
j@/BK2MbBQM H ;mB/ M+2 Q7 M BMi2 +2TiQ"  ; BMbi # HHBbiIB+
Q7 ii +F M/ # MF M:;H2X h?2 T°QTQb2/ K2i?Q/ b?Qr2/ BKT Qp2K2|
HBM2 "[m /" iB+ 2;mH iQ UGZ_V ;mB/ M+2X h?Bbr b7QmM/iQ "2/
T '2/iQ i  /BiBQM H SL BKTH2K2Mi iBQM rBi? +QMbi Mi M pB; iB
#22M /IQM2 iQ +°2 i2 :mB/ M+2 H rb 7Q  BMi2 +2TiQ b rBi? MQ@ 7H v
*22M UKyROV M/ w? Q 2¢ REXXUKYROY (p "B2iv Q7 "2b2 “+?2 2 b #22M -
"2, /IBM;i?2 ;mB/ M+2 Q7 BMi2 +2TiQ b-mbBM; /B772 2Mi K2i?Q/b
h?2b2 BMi2 +2TiQ'b HbQ ? p2 ~ M;2 Q7 KQ/2H 7B/2HBiv- M/ 2 -
/IBiBQM H ;mB/ M+2 K2i?Q/bX h?2b2 T T2'b/Q MQi //"2bb p "B #H2
#2+ mb2 i?2 2M; ;2K2Mib 2 MQi KQ/2H2/ 7°QK H mM+?2 iQ BMi2 +2T
HbQ HBKBi2/iQ bBKTH2 K M2mp2'b " i?2 i? M / TiBp2 QM2b- M/
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2vT2°bQMB+ bT22/bX h?2 BMi2 +2TiQ'b HbQ /Q MQi ? p2 7 B2M/H\
T Qi2+iBM:X
h “:2i@ ii +F2° @.272M/2° 1M; ;2K2Mib

/IBiBQM H rQ F 2 b #22M /QM2 2tTHQ 'BM; i *;2i@ ii +F2 @/272M/
i :2i@KBbbBH2@/272M/2° UhJ.V-2M; ;2 KRWMimbbR / @ M} "B + b K o K @k#V
/22T "2BM7Q +2K2Mi H2 "MBM; iQ i BM M ii +F2" iQ ?Bi KQpBM
'mB/2//272M/2 X h?2M-SSPr bmb2/iQ +'2 i2 M +iBp2/272Mb2 bi
K M2mp2"  #H2 BMi2 +2TiQ iQ T Qi2+ii?2i “:2i 7°QK #2BM; ?BiX |
h . T Q#H2K Bb T 2b2Mi2/ #v a?9BX KE@Ip DKyRMY (2K2Mi-i?2 i *;2i iiz
iQ2p /2 M ii +F2° M/ H mM+?2b /272M/2" i +2'i BMiBK2/m BM;
i?2 /272M/2° M/ i?2 ii +F2° "2 ;mB/2/ pB T QTQ'iBQM H M pB; iB
M2irQ " F U.LLV Bb mb2/iQ /2i2 ' KBM2 i?2 QTiBK HiBK2iQH mM+?i?
7Q+mb ?2°2Bb QM /272M/BM; M B+  7i7°QK KBbbBH2-? pBM;

#2 TTHB2/iQ MmK#2 Q7 b+2M "BQbX MQi?2" B '+ 7i/272Mb2 b-
2i HX UKRAW2 2 i?2 mi?Q b 7Q KmH i2 KBMBKMK@277Q i QTiB!
K +?BM2 H2 "MBM; Bb mb2/BMi?Bb rQ F-#mii?2/272M/2° M/i *;2i
i?2 0 ;201 7°QK #2BM; ?Bi r?BH2 mbBM; i?2 H2 bi KQmMi Q7 2M2;vX
T Q#H2K Bb // 2bb2/ #v S2 2HK N)2nbBM; UKYRRY (Bp2 HBM2 " [n
/B772 2MiB H ; K2 ;mB/ M+2 H rb7Q 2 +? :2MiBM i?2 h . 2M; ;2K2
Q772 [B7722Mi TT ' Q +?iQ i?2BMi2 +2Ti T'Q#H2K- M/ "2 T 'BK
rBi? MQM@#Q '/ BMi2 +2TiQ  iQ T'Qi2+i Bib2H7 7°QK M ii +FBM;
i?Bb rQ F +QmH/ #2 TTHB2/ M/ b+ H2/iQ Qi?2 b+2M "BQbX 6Q
2tTHQ 2/ #Qp2/Q MQi //'2bb ?2vT2 'bQMB+ ii +F p2?B+H2b Q" MQN
i “:2i M//272M/2° HbQTrQ'F b i2 K ; BMbi M ii +F2 - rBi? /B77
B7 KmMHIBTH2 BMi2 +2TiQ b r2 2 rQ FBM; iQ;2i?2 iQ /272 i M ii +F
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JMHIB@ :2Mi *QQ /BM iBQM

MQi?2" "2 Q7 "2b2 "+? "2H2p MiiQ i?BbrQ'F //"2bb2b KmHIiB@ ;2
Ai Bb mMHBF2HV i? i RpR 2M; ;2K2Mib rBHH #2 i?2 T'BK v bi i2;v [
b HpQb M/ +QQ /BM i2/ KmHiIBH v2 2/ /272Mb2 bi" i2;B2b #2BM; KQC
KmHiB@ ;2Mi “2b2 +? bT +2 Bb M BKTQ'i Mi 2ti2MbBQM Q7 i?2 rQ"
2i HX UKWGKMTHQ 2 i?2 iQTB+ Q7 ;mB/ M+2 M/ +QMi"QH K2i?Q/b
h™ /IBiBQM HK2i?Q/b "2 +QKT "2/iQ BMi2HHB;2Mi BMi2;" i2/ K2i?Q/
7Q  ?B;? bT22/10bT2'7Q'KBM; +QQT2  iBp2 ii +FX h?2b2 KBbbB
ii +F iBK2 Q" ii +F M;H2 +QQ ' /BM iBQM iQ BM+'2 b2 2772+iBp2M.
;21X *QQT2 iBp2 ;mB/ M+2 #2ir22M KmHIBTH2 KBbbBH2b bm#D2+i
+QMbi® BMib Bb HbQ bim/B2/ #v RQMhbBM HKQUXNKIRZ/B+iBQM +QM
SaPX h?2j.2M; ;2K2Mib mb2 pB'im HH2 /2  KBbbBH2-rBi? 7TQHHQ
;mB/ M+2 H;Q Bi?KBM i?2 /Bp2 TH M2 M/ T2 7Q KBM; K M2mp2'b
Q' /BM i2i?2B  iBK2 Q7 ""Bp HX h?2 KQ/2H r bi2bi2/ M/ T2 7Q K2/
HBM2 "Hv KQpBM;- M/ K M2mp2 ' BM; i 3);22bB; B2 HXBUKMRNN ( 7Q
+QQ /BM i2/ ii +F QM bi iBQM "vi ;2i mbBM; 7B2H/@Q7@pB2r -
+QMi " QH TT Q +?X h?Bb Bb irQ@T? b2 ;mB/ M+2 K2i?Q/-r?2" 2 i?
Q /BM i2/ M/ 2 +? KBbbBH2 Bb BMbi2 / ;mB/2/ #v Tm 2 SLX KmHIB
2M; ;2K2Mi Bb BHHmbi™ i2/ #v (kR 2P2HX Mky&Gk (b2/ i1 “;2i bbB;Ml
bi” i2;v +QmTH2/ rBi? +QK#BM2/ BKT +i iBK2 +QMi QH M/ m;K2]
Bb mb2/iQ +'2 i2 +QQT2 iBp2 BMi2 +2TiBQM K2i?Q/i? i QmiT2" "
JmMHIB@ ;2Mi +QQ ' /BM iBQM T 2b2Mib MQi?2  QTTQ imMBiviQ mb:
K2Mib Qp2 i’ /BiBQM H K2i?Q/bX >Qr2p2°- KQbi Q7 i?2 HBi2  im 2
ii +FbX 12 KQ7 BMi2 +2TiQ b rQ FBM; iQ /272M/i ";2ib ; BMbi |
+QmH/ +°2 i2 M 2772+iBp2 /272Mb2 bi” i2;vr?BH2 mbBM; H2bb 2tT
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+Qbir?BH2 KBbbBQM TH MMBM: Bb MQi Q7i2M /Bb+mbb2/ BM i?2 HE
iQr /b BMi2:;  iBM; BMi2HHB;2Mi :mB/ M+2 H:Q Bi?Kb rBi? /272Mb]

RXj] P#D2+iBp2b M/ amKK v

h?2 T'BK “v "2b2 "+? Q#D2+iBp2 7Q  i?Bb i?2bBb Bb iQ mM/2 bi M/
TTHB2/ iQ /2p2HQT /p M+2/ ;mB/ M+2 H;Q Bi?Kb 7Q° KBbbBH2 B
"2b2 “+? [M2biBQMb 2 //°2bb2/iQ +?B2p2i?Bb Q#D2+iBp2,

RX qg? i /p Mi ;2b/Q G@;mB/2/ BMi2 +2TiQ b ? p2 7Q  BMi2 +2T
+QKT "2/iQi /BiBQM HHv@;mB/2/ BMi2 +2TiQ b\

kX >Qrr2HH/Q G@# b2/ H:Q Bi?Kb T2 7Q°K M/ / TiBM/VM KB+

X q? i +? HH2M;2b K v #2 2tT2+i2/ r?2M BMi2,; iBM; _G@# b2/ ;mB
KBbbBH2 /272Mb2 bvbi2Kb\

SSP 7 K2rQ Fr b /2p2HQT2/iQH2 "MiQ ;mB/2 MBMi2 +2TiQ BM
b+2M "BQb- "2[mB BM; ?2vT2 T * K2i2  imMBM; M/ 2r */b? TBM; iQ
_GKQ/2Hbr2 2i2bi2/ QM #Qi? MQM@K M2mp2 'BM; M/ K M2mp2 BM
T2 7Q°K M+2r b +QKT "2/iQ i  /BiBQM H K2i?Q/b Q7 KBbbBH2 ;mB

h?2 2K BM/2 Q7 i?2i?2bBbBb Q" ; MBx2/ b 7QHHQrbX *? Ti2  k +QN
T°Q +?2 Q7 i?Bb "2b2 “+?2-BM+HmM/BM; i?2/2i BHb Q7 i?2 /vM KB+b- i
M/i?2 G K2i?Q/bmb2/X *? Ti2 jBM+HmM/2b i?2 p HB/ iBQM Q7 i?2
[2p2HQT2/ SSP BKTH2K2Mi iBQM M/ bi M/ '/ SA7Q _Gi2biBM;X
"2bmHib 7 QK i?2 + b2 bim/B2b-rBi? #Qi? MQM@K M2mp2 BM; M/ K
*?2 Ti2° 8 +QMi BMb i?2 +QM+HmMmbBQMb M/ T QTQb Hb7Q 7mim 2 r



*? Ti2 K

*QKTmi iBQM H TT Q +?

h?Bb +? Ti2  T'QpB/2b bmKK v Q7 i?2 p2?B+H2 /vM KB+b mb2/ BM
b+ BTiBQMb Q7 #Qi? i’ /BIiBQM H ;mB/ M+2 M/ 2BM7Q +2K2Mi H2
‘mB/ M+2 H;Q ' Bi?Kb "2 mb2/ b # b2HBM2 +QKT "BbQMiQ M _Ga@
b7Q i?2 ;mB/ M+2 Q7 i?2 ii +F p2?B+H2X M Qp2'pB2r Q7 '2BM70Q
+ M/B/ i2 K2i?Q/b Bb HbQ T QpB/2/- HQM; rBi? i?2 /2i BHb Q7 i?2
/IBiBQM Hbi® i2;B2b "2 /Bb+mbb2/i? ir2°2 mb2/iQ BKT ' Qp2i?2 T2
H;Q Bi?Koébi" BMBM; M/ i?2 [m HBiv Q7 i?2i2bi 2bmHibX

kXR 02?B+H2 .vM KB+Db

h?2 p2?B+H2b BM i?Bb rQ'F "2 KQ/2H2/ b TQBMi K bb2brBi? #Qi? ;
M/ "2 +QMbi°> BM2/iQ ?Q'BxQMi HTH M2X h?Bb Bb +QKKQM T°
KBbbBH2 BMi2 +2TiQ  2M; ;2K2Mib- M/i?2b+QT2 Q7 i?BbrQ F Bb -
H;Q Bi?Kb * i?2 i? M i?2 7B/2HBiv QKkiR]R Se28ei)K2 KBI P2itPIR If 2

bbmKTiBQMb- i?2 p2?B+H2 KQ/2Hb /B 2+iHV K i+? e)Xbh MBd2/ #v
T 2b2Mib "2bQm +2 iQ p2 ' B7v i?2 BKTH2K2Mi iBQM Q7 i?2 /vM KE
BMi2;" iBQM b+?22K2X h?2 ;2QK2i'v7Q  ;2M2  HBXXXRWP2 2K2Mi B
t M/ x 2T 2b2Mii?2/QrM° M:2 M/ +'Qbb" M;2BM2'iB H+QQ /BM i2
MQi iBQM Bb mb2/i? ' Qm;?2Qmii?2 2R /BM/Qi2Q7 iB®D MHIRQ,+Biv

R8
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