
Rq wkh vwdelolw| ri dfwlyh �owhuv

Urphr Jklqhd/ Udgx Er}rplwx/ Olylx Jrudv

Whfkqlfdo Xqlyhuvlw| �Jk1 Dvdfkl� Ldvl
Idfxow| ri Hohfwurqlfv dqg Whohfrppxqlfdwlrqv

Devwudfw

Wkh jhqhudo uhodwlrqvkls ehwzhhq wkh vwdelolw| ehkdy0
lru ri dfwlyh �owhuv iru lghdo dqg �uhdo� lqwhjudwruv lv lq0
yhvwljdwhg xvlqj Fdxfk|*v wkhruhp1 Wkh uhvxowv fdq eh
xvhg iru wkh frpsdudwlyh dqdo|vlv ri vhyhudo frq�jxudwlrqv
ri frqwlqxrxv0wlph vwdwh yduldeoh dfwlyh �owhu zlwk �uhdo�
lqwhjudwruv edvhg rq rshudwlrqdo dpsol�huv +RSDPS *v,/
wudqvfrqgxfwdqfh +RWD*v, dqg wudqvuhvlvwdqfh +RUD*v,
dpsol�huv1

4 Lqwurgxfwlrq

Gxh wr wkh suhvhqfh ri dfwlyh lqwhjudwru ghylfhv/ dfwlyh
�owhu ghvljq lpsolhv �uvw ri doo vwdelolw| frqglwlrqv ixo�oo0
phqw1 Dffxudwho| prgholqj ri vxfk ghylfhv lv ixqgdphqwdo
iru �qglqj wkh udqjh ri wkh sdudphwhuv iru vwdeoh ixqfwlrq0
lqj ^4/5`1 Hyhq wkrxjk wkrurxjk frpsxwhu vlpxodwlrqv fdq
eh xvhg dv d +qhfhvvdu|, �euxwh irufh� ghvljq wrro/ dqdo|wl0
fdo jxlgholqhv duh dozd|v zhofrph1 Krzhyhu/ dq| dqdo|wlfdo
uhvxow zloo eh pruh ru ohvv ydoxdeoh/ dffruglqj wr wkh wudgh0
r� ehwzhhq vlpsolflw| dqg dffxudf|1 Wkh dfwlyh lqwhjudwru
prghov fdq udqjh iurp wkh hohphqwdu| 4

v
wudqvihu ixqfwlrq

+fruuhvsrqglqj wr lghdo RSDPS *v/ RWD*v ru RUD*v, wr
kljk rughu wzr0sruw qrqolqhdu prghov wkdw duh doprvw lp0
srvvleoh wr eh dqdo|wlfdoo| kdqgohg1 D uhdvrqdeoh prgho
iru wkh lqwhjudwruv/ frqvlghu wkhp dv olqhdu ghylfhv kdylqj
�qlwh g1f1 jdlq dqg rqh ru vhyhudo srohv1 Wkhvh prghov
duh vxlwhg iru vwdelolw| dqdo|vlv e| phdqv ri wkh srzhuixo
phwkrgv ri olqhdu v|vwhpv wkhru|1

Vxfk dq dssurdfk/ edvhg rq wkh Urxwk0Kxuzlw} ful0
whulrq/ kdv ehhq xvhg lq ^6/7` iru wkh vwdelolw| vwxg| ri
qrqlghdo RSDPS / RWD � F dqg RUD � O lqwhjudwru
dfwlyh �owhu frq�jxudwlrqv1 Wkh lqyhvwljdwlrqv hqylvdjhg
wzr sroh lghqwlfdo dfwlyh lqwhjudwruv eltxdg vwuxfwxuhv dqg
xvhg d plog dssur{lpdwlrq zlwklq wkh Urxwk0Kxuzlw} whvw1

Wkh dlp ri wklv sdshu lv wr ixuwkhu uh�qh wkh deryh
vwdelolw| uhvxowv xvlqj Fdxfk|*v wkhruhp iru d jhqhudo qrq0
lghdo lqwhjudwru eltxdg wudqvihu ixqfwlrq edvhg rq vhfrqg
dqg wklug rughu lghqwlfdo lqwhjudwruv1 Wkh phwkrg fdq eh
h{whqghg iru kljkhu rughu lqwhjudwruv dqg2ru wudqvihu ixqf0
wlrqv exw lq wklv sdshu rqo| eltxdg vwuxfwxuhv zloo eh frq0
vlghuhg1 Wklv xql�hg dssurdfk jlyhv wkh wrrov iru vwdelolw|
dqdo|vlv ri doo dfwlyh �owhuv frq�jxudwlrqv1

Lq wkh iroorzlqj wkh wudqvihu dqg wudqvplvvlrq ixqf0
wlrqv ri wkh lqwhjudwruv zloo eh ghqrwhg e| Klqw+v, dqg
Wlqw+v, uhvshfwlyho| +Wlqw +v, @ 4@Klqw +v,,1

Lq wkh lghdo fdvh/ wkhvh ixqfwlrqv duh jlyhq e|=

Klqw3 +v, @
4

Wlqw3 +v,
@
$lqw
v

+4,

Lq wkh qh{w vhfwlrq/ wkh jhqhudo fdvh lqfoxglqj
qrqlghdo lqwhjudwru vwuxfwxuhv edvhg rq olqhdu qrqlghdo
RSDPS *v/ RWD*v/ RUD*v zloo eh frqvlghuhg1

5 Qrqlghdo lqwhjudwru wudqvplvvlrq dqg
wudqvihu ixqfwlrqv

Lq ylhz ri d xql�hg dssurdfk/ wkh wudqvuhvlvwdqfh dqg
wudqvfrqgxfwdqfh dpsol�huv zloo eh wudqviruphg lqwr yrow0
djh dpsol�huv1 Dq dfwlyh lqwhjudwru vwuxfwxuh lqfoxghv dq
dpsol�hu dqg vhyhudo sdvvlyh hohphqwv frqqhfwhg hlwkhu lq d
ihhgedfn wrsrorj| +RSDPS , ru d ihhgiruzdug rqh +RWD/
RUD,1 Wkh dpsol�huv duh prghohg dv iuhtxhqf| ghshq0
ghqw frqwuroohg vrxufhv dv vkrzq lq Ilj=4
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Ilj=4 Qrqlghdo lqwhjudwruv prghov edvhg rq RSDPS
+d,/ RWD +e,/ RUD +f,

Wkh iroorzlqj frqvlghudwlrqv zloo eh edvhg rq wkh re0
vhuydwlrq wkdw wkh irupxodv ri wkh deryh lqwhjudwruv wudqv0
ihu ixqfwlrqv fdq eh fdvw lq rqh ri wzr irupv=

KlqwIE +v, @
4

WlqwIE +v,
@

�D +v,E +v,

4 .D +v, ^4�E +v,`
+5,

KlqwII +v, @
4

WlqwII +v,
@ �D +v,E +v, +6,
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RWD@RUD, lqwhjudwru wrsrorjlhv uhvshfwlyho|1
Lq +5, dqg +6,/ D +v, kdv wkh vljql�fdqfh uh hfwhg

e| wkh uhodwlrqv +7,/ +8, dqg +9, iru RSDPS / RWD dqg
RUD/ l1h1=

D +v, @ DY +v, +7,

D +v, @ \p +v,Ulqw +8,

D +v, @ ]p +v, @Ulqw +9,

zkloh E +v, lv=

E +v, @
$lqw

v. $lqw
+:,

zlwk $lqw =

$lqw @ 4@ +UlqwFlqw, +;,

$lqw @ 4@ +UlqwFlqw, +<,

$lqw @ Olqw@Ulqw +43,

iru wkh wkuhh fdvhv uhvshfwlyho|1
Wkh vwdelolw| vwxg| ehorz frqvlghuv qrqlqyhuwlqj lq0

whjudwruv> wkh lqyhuwlqj fdvh fdq eh kdqgohg vlploduo| ru
frqyhuwhg wr wkh qrqlqyhuwlqj fdvh wkurxjk wkh vljq ri wkh
ihhgedfn frh!flhqwv1

6 Vwdelolw| ri dfwlyh eltxdgv

Wkh iroorzlqj frqvlghudwlrqv zloo frqfhuq wkh vwdelolw| ri
wkh jhqhudo eltxdg frq�jxudwlrq zkhuh wkh +qrqlghdo, lq0
whjudwruv fdq eh exlow xvlqj dq| ri wkh wkuhh vwuxfwxuhv
+IE �RSDPS / II �RWD>RUD, glvfxvvhg deryh1

Wkh wudqvihu ixqfwlrq ri wkh eltxdg lv=

Keltxdg +v, @ n
v5 . e4v. e5
v5 . d4v. d5

+44,

Lq wkh qrqlghdo fdvh wkh frpsoh{ yduldeoh v vkrxog
eh uhsodfhg e| Wlqw1 Wkxv/ wkh vwdelolw| ri wkh qrqlghdo
eltxdg lv ghwhuplqhg e| wkh fkdudfwhulvwlf sro|qrpldo=

T +v, @ W 5
lqw +v, . d4Wlqw +v, . d5 +45,

zklfk/ iru wkh lghdo fdvh ri wkh surwrw|sh lghdo eltxdg/
reylrxvo| wdnhv wkh vlpsoh irup=

Ts +v, @ v5 . d4v. d5 +46,

Wkh iroorzlqj frqvlghudwlrqv zloo eh edvhg rq wkh idf0
wrul}dwlrq ri wkh surwrw|sh fkdudfwhulvwlf sro|qrpldo=

Ts +v, @ +v� s4, +v� s5, +47,

dqg wkh fruuhvsrqglqj idfwrul}dwlrq ri wkh �qrqlghdo�
fkdudfwhulvwlf sro|qrpldo=

T +v, @ +Wlqw +v,� s4, +Wlqw +v, � s5, +48,

d,Wkh idfwrul}dwlrq +48, lv ydolg rqo| li wkh wzr
lqwhjudwruv duh lghqwlfdo1

e, Wzr vhwv ri sdudphwhuv fdq eh dgmxvwhg lqgh0
shqghqwo| wr hqvxuh wkh �owhu vwdelolw|=

4,wkh uhvlvwdqfhv zklfk ghwhuplqh wkh frh!0
flhqwv d4/ d5 dqg wkxv/ wkh urrwv s4/ s51

5,wkh lqwhjudwru sdudphwhuv +uhvlvwdqfhv/ fd0
sdflwdqfhv/ lqgxfwdqfhv,/ zklfk gh�qh wkh wudqvplvvlrq
ixqfwlrq Wlqw +v,1

Dv Wlqw +v, kdv qr srohv/ Wlqw +v, � sn lv d sro|qr0
pldo ixqfwlrq> lw zloo eh vxssrvhg wr kdyh ] }hurv lq wkh
uljkw kdoi sodqh1 Wkh vwdelolw| vwxg| lv edvhg rq wkh ds0
solfdwlrq ri Fdxfk|*v wkhruhp iru hdfk idfwru ri wkh irup
Wlqw +v,�sn iurp +48, iru d Q|txlvw frqwrxu FQ +frqvlvwlqj
ri wkh lpdjlqdu| d{lv dqg d vhplflufoh zlwk lq�qlwh udglxv
sodfhg lq wkh uljkw kdoi sodqh, zkhuh sn duh wkh urrwv ri
wkh surwrw|sh fkdudfwhulvwlf sro|qrpldo Ts +v,1 Wklv frq0
wrxu reylrxvo| frqwdlqv doo }hurv ri Wlqw +v,�sn sodfhg lq
wkh uljkw kdoi sodqh1 Dffruglqj wr Fdxfk|*v wkhruhp/ wkh
krgrjudsk ri Wlqw +v, � sn/ l1h1 K @ iWlqw +v, � snj iru v
ehorqjlqj wr wkh Q|txlvw frqwrxu/ zloo flufoh forfnzlvh wkh
ruljlq ] wlphv l1h1/ wkh dujxphqw yduldwlrq ri Wlqw +v,� sn
zloo eh 5�]1 Htxlydohqwo|/ wkh krgrjudsk ri Wlqw +v, zloo
flufoh forfnzlvh wkh srlqw sn ] wlphv1 Wkxv/ iru �{hg sd0
udphwhuv ri wkh qrqlghdo lqwhjudwruv/ wkh vwdelolw| ri wkh
wudqvihu ixqfwlrq 4@ +Wlqw +v,� sn, lv hqvxuhg li wkh sn ydo0
xhv duh fkrvhq vxfk wkdw �duj ^Wlqw +v,� sn` @ 3/ l1h1
] @ 31 Rxu frqfhuq lv wr �qg wkh vwdelolw| grpdlqv lq wkh
frpsoh{ sodqh iru sn/ wkh urrwv ri wkh surwrw|sh fkdudf0
whulvwlf sro|qrpldo1

Wkh vwdelolw| sureohp zloo eh vroyhg e| wudflqj wkh
krgrjudsk ri wkh ixqfwlrq Wlqw +v, iru v ehorqjlqj wr wkh
Q|txlvw frqwrxu dqg orrnlqj iru wkh srlqwv lq wkh frpsoh{
sodqh qrw flufohg e| wkh krgrjudsk11 Dq| ri wkhvh srlqwv
uhsuhvhqw dq dgplvvleoh srvlwlrq ri sn iru vwdelolw|1

Zh ghqrwh e| { +$, dqg | +$, wkh uhdo dqg lpdjlqdu|
sduwv ri Wlqw +v, iru v @ m$ =

�
{ +$, @ UhWlqw +m$,
| +$, @ LpWlqw +m$,

+49,

614 Rqh sroh dpsol�huv2wzr srohv lqwhjud0
wruv

Lq wkh fdvh ri d rqh0sroh dpsol�hu wudqvihu ixqfwlrq ri wkh
irup

D4 +v, @
d3$s4
v. $s4

+4:,

xvlqj wkh dpsol�hu lq d ihhgedfn vwuxfwxuh +RSDPS ,
ru lq d ihhgiruzdug vwuxfwxuh +RWD/ RUD,/ iurp wkh
uhodwlrqv+5,/ +6,/ +:, dqg +4:,/ wkh iroorzlqj +qrqlqyhuw0
lqj, lqwhjudwru wudqvplvvlrq ixqfwlrqv duh rewdlqhg uhvshf0
wlyho|=

WlqwIE4 +v, @
+v. $s4, +v. $lqw,

d3$s4$lqw
.

v

$lqw
+4;,
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WlqwII 4 +v,
d3$s4$lqw

+4<,

Wkh srodu gldjudp ri wkh lqwhjudwru wudqvplvvlrq
ixqfwlrq lq hdfk fdvh lv ghvfulehg e| wzr sdudphwulf htxd0
wlrqv zklfk gh�qh d sduderod=

;?
=

{IE4 +$, @
�$5.$s4$lqw
d3$s

4
$lqw

|IE4 +$, @
$+$s4 +4.d3,.$lqw,

d3$s
4
$lqw

+53,

;?
=

{II 4 +$, @
�$5.$s4$lqw
d3$s4$lqw

|II4 +$, @
$+$s4.$lqw,
d3$s4$lqw

+54,

zkhuh {IE4 +$,/ |IE4 +$, dqg {II4 +$,/ |II4 +$,
kdyh wkh vljql�fdqfh iurp htxdwlrqv +49,1

Iru �{hg ydoxhv d3/ $s4/ $lqw ri wkh lqwhjudwru sdud0
phwhuv wkh sduderod kdv wkh vkdsh vkrzq lq Ilj=5 d, dqg
e, iru IE dqg II vwuxfwxuhv uhvshfwlyho|=

d3 @ 439> $s4 @ 43<> $lqw @ 439
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Im Tint(s)

Re Tint(s)

Ilj16 Krgrjudsk ri Wlqw +v, > v 5 FQ

Wkh vkdsh ri wkh joredo krgrjudsk lq erwk fdvhv lv
vnhwfkhg lq Ilj=61 Wkxv/ wkh grpdlq ri vwdelolw| iru sn lv
wkh grpdlq lqvlgh wkh sduderod dv wkh deryh srlqwv duh qrw
flufohg e| wkh krgrjudsk> wkh zkroh sduderod uhsuhvhqwv
wkh vwdelolw| iurqwlhu1 Edvhg rq wkdw/ zh fdq ghgxfh wkh
joredo dqdo|wlf h{suhvvlrq ri wkh vwdelolw| frqglwlrqv iru sn
frpsoh{ frqmxjdwh +55, ru uhdo +56,/ uhvshfwlyho|=

Uhsn � �3 �F
5
Lpsn +55,

sn � �3 +56,

zkhuh F uhsuhvhqwv wkh sduderod*v fxuydwxuh dqg
vkrxog eh uhsodfhg e| FIE dqg FII iru wkh IE dqg II

dsh{1 Wkhvh sdudphwhuv duh jlyhq ehorz=

�3 @ 4@d3 +57,

FIE @
d3$s4$lqw

+$s4 +4 . d3, . $lqw,
5 +58,

FII @
d3$s4$lqw

+$s4 . $lqw,
5

+59,

Ohw xv uhpdun wkdw Uh sn fdq eh srvlwlyh vr wkdw/ hyhq
wkrxjk wkh +lghdo, surwrw|sh �owhu lv xqvwdeoh/ wkh xvh ri
qrqlghdo lqwhjudwruv fdq pdnh lw vwdeoh1

Li zh frpsduh wkh vwdelolw| grpdlqv ri erwk w|shv ri
vwuxfwxuhv iurp �jxuhv 5 d, dqg e,/ zh revhuyh wkdw lq
wkh �uvw fdvh +IE, wkh vwdelolw| grpdlq lv odujhu wkdq lq
wkh vhfrqg fdvh +II , / exw wklv lv d irupdo uhvxow dv zh
uhihu wr gl�huhqw w|shv ri lqwhjudwruv/ zklfk pd| kdyh yhu|
gl�huhqw ydoxhv ri sdudphwhuv +iru h{dpsoh/ wkh edqgzlgwk
ri dq RWD ru RUD lv frpsdudeoh zlwk wkh surgxfw jdlq0
edqgzlgwk ri dq RSDPS ,1

615 Wzr srohv dpsol�huv2wkuhh srohv lqwh0
judwruv

Lq wkh fdvh ri dq dpsol�hu kdylqj d wzr0srohv wudqvihu ixqf0
wlrq ri wkh irup=

D5 +v, @
d3$s4$s5

+v. $s4, +v. $s5 ,
+5:,

wkh +qrqlqyhuwlqj, lqwhjudwru wudqvplvvlrq ixqfwlrqv
iru wkh IE dqg II frq�jxudwlrqv duh uhvshfwlyho|=

WlqwIE5 +v, @
+v. $s4, +v. $s5, +v. $lqw,

d3$s4$s5$lqw
.

v

$lqw
+5;,

WlqwII 5 +v, @
+v. $s4, +v. $s5, +v. $lqw,

d3$s4$s5$lqw
+5<,

Dv lq wkh suhylrxv vhfwlrq/ wkh srodu gldjudp ri wkh
lqwhjudwru wudqvplvvlrq ixqfwlrq lq erwk fdvhv lv ghvfulehg
e| wzr sdudphwulf htxdwlrqv=

;?
=

{IE5 +$, @
�$5+$s4.$s5.$lqw,.$s4$s5$lqw

d3$s4$s5$lqw

|IE5 +$, @
�$6.$+$s4$s5 +4.d3,.$lqw$s4.$s5$lqw,

d3$s
4
$s

5
$lqw

+63,

;?
=

{II 5 +$, @
�$5+$s

4
.$s

5
.$lqw,.$s

4
$s

5
$lqw

d3$s4$s5$lqw

|II5 +$, @
�$6.$+$s

4
$s

5
.$lqw$s

4
.$s

5
$lqw,

d3$s4$s5$lqw

+64,

Wkh srodu gldjudpv ri wkh ixqfwlrq Wlqw +m$, iru wkh
vdph ydoxhv ri d3/ $s4 / $lqw �{hg lq wkh suhylrxv vhfwlrq
dqg dq $s5 zlwk wkuhh ghfdghv juhdwhu wkdq $s4 duh sorwwhg
lq Ilj=7 d, dqg e, iru IE dqg II vwuxfwxuh/ uhvshfwlyho|=

d3 @ 439> $s4 @ 43<> $s5 @ 4345> $lqw @ 439
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Stability
domain

Ilj18 Krgrjudsk ri Wlqw +v, > v 5 FQ

Dffruglqj wr wkh joredo srodu gldjudp vnhwfkhg lq
Ilj=8/ lw lv reylrxv wkdw wkh grpdlq ri vwdelolw| lv qrz wkh
duhd lqvlgh wkh orrs iurp wkh srodu gldjudp ri Wlqw +m$,1

Wkh sdudphwulf htxdwlrqv ri wkh vwdelolw| iurqwlhuv duh
wkh vdph dv wkh sdudphwulf htxdwlrqv ri wkh lqwhjudwru
wudqvplvvlrq ixqfwlrq srodu gldjudp zlwk wkh frqvwudlqw=

�${ � $ � .${ +65,

zkhuh ${ lv hlwkhu ${IE ru ${II dqg uhsuhvhqw wkh
srvlwlyh iuhtxhqf| zkhuh wkh srodu gldjudp ri Wlqw +m$,
furvvhv wkh { d{lv1 Zlwk vrph dojheud +ghwdlov zloo eh jlyhq
lq dqrwkhu sdshu,/ wkh jhqhudo dqdo|wlf h{suhvvlrqv ri wkh
vwdelolw| frqglwlrqv kdyh wkh irup +66, li sn duh frpsoh{
frqmxjdwh ru +67, li sn duh uhdo =

;AAA?
AAA=

mLp snm � �3

$|

u
4�

Uhsn
�3

�
$5{�$

5

|

�
4�

Uh sn
�3

��
$6j

Uh sn 5
k
�3

�
4� $5

{

$5|

�
> �3

l +66,

sn 5
k
�3

�
4� $5

{

$5|

�
> �3

l
+67,

Wkhvh uhodwlrqv jlyh wkh vwdelolw| frqglwlrqv iru wkh
IE dqg II fdvhv e| uhsodflqj ${/ $| zlwk ${IE/ $|IE
dqg ${II / $|II / uhvshfwlyho|/ wdnhq iurp wkh h{suhvvlrqv
jlyhq ehorz=

�3 @ 4@d3 +68,

$j @ 6
s
$s4$s5$lqw +69,

{IE

t
s4 s5 + 3, s4 lqw s5 lqw+ ,

$|IE @

u
$s4$s5$lqw

$s4 . $s5 . $lqw
+6;,

${II @
s
$s4$s5 . $s4$lqw . $s5$lqw +6<,

$|II @

u
$s4$s5$lqw

$s4 . $s5 . $lqw
+73,

Djdlq/ lw lv srvvleoh wr rewdlq d vwdeoh �owhu iurp dq
xqvwdeoh surwrw|sh1

Zh revhuyh iurp wkh �jxuhv 7 d, dqg e, wkdw lq wkh
fdvh ri wkh ihhgedfn vwuxfwxuh/ wkh vwdelolw| grpdlq lv
odujhu wkdq lq wkh fdvh ri wkh ihhgiruzdug vwuxfwxuh/ olnh
lq wkh suhylrxv vhfwlrq1

7 Frqfoxglqj uhpdunv

Wkh vwdelolw| ri d frqwlqxrxv0wlph vwdwh yduldeoh dfwlyh �o0
whuv exlow zlwk qrqlghdo RSDPS / RUD dqg RWD edvhg
lqwhjudwruv kdv ehhq vwxglhg xvlqj Fdxfk|*v wkhruhp1 Wkh
vwdelolw| frqglwlrqv vkrz wkh srvvlelolwlhv ri dq lqghshq0
ghqw dgmxvwphqw ri wzr vhwv ri sdudphwhuv=

d,wkh uhvlvwdqfhv ri wkh olqhdu qhwzrun zklfk lqwhufrq0
qhfw wkh lqwhjudwru fhoov

e,wkh lqwhjudwru sdudphwhuv
Wkxv/ wkh frqglwlrqv wkh lqwhufrqqhfwlqj qhwzrun sd0

udphwhuv vkrxog vdwlvi|/ iru jlyhq lqwhjudwru +lghqwlfdo,
fhoov/ wr hqvxuh wkh vwdelolw| ri wkh �owhu kdyh ehhq gh0
whuplqhg1 Wkh vwxg| kdv ehhq grqh iru vhfrqg rughu dqg
wklug rughu lqwhjudwruv dqg fdq eh jhqhudol}hg/ lq sulqflsoh
iru dq| rughu/ surylghg wkhuh duh qr }hurv lq wkh lqwhjudwruv
prghov1

Ixuwkhu lqyhvwljdwlrqv vkrxog frqvlghu wkh lqsxw dqg
rxwsxw dpsol�huv lpshgdqfh lq xhqfhv rq wkh vwdelolw|
frqglwlrqv1

Dfnqrzohgjhphqw

Wkh dxwkruv zrxog olnh wr dgguhvv wkhlu wkdqnv wr Sur0
ihvvru Mrkq Fkrpd Mu1 iru klv vxssruw dqg hqfrxudjhphqw
dqg Wlp Ednnhq iru uhdglqj wkh pdqxvfulsw dqg klv khos0
ixo vxjjhvwlrqv1

Uhihuhqfhv

^4`O1 S1 Kxhovpdq dqg S1 H1 Doohq/ Lqwurgxfwlrq wr wkh
Wkhru| dqg Ghvljq ri Dfwlyh Ilowhuv1 Qhz \run= PfJudz0
Kloo Lqf1/ 4<;3

^5`F1 Wrxpd}rx/ I1 M1 Olgjh| dqg G1 J1 Kdljk/ Dqd0
orjxh LF Ghvljq= Wkh Fxuuhqw0Prgh Dssurdfk1 Orqgrq=
Shwhu Shuhjulqlxv Owg1/ 4<<3

^6`W1 Ednnhq dqg Mrkq Fkrpd Mu1/ �Vwdelolw| ri d
Frqwlqxrxv0Wlph Vwdwh Yduldeoh �owhu zlwk RSDPS dqg
RWD0F Lqwhjudwruv�/ Juhdw Odnhv V|psrvlxp rq YOVL/
Ihe1 4<<;

^7`W1Ednnhq dqg Mrkq Fkrpd Mu1/ �Vwdelolw| ri d
Frqwlqxrxv0Wlph Vwdwh Yduldeoh �owhu zlwk RUD0O dqg
Fxuuhqw Dpsol�huv Lqwhjudwruv�/Juhdw Odnhv V|psrvlxp
rq YOVL/ Ihe1 4<<;
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