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Wkh VwhuhrOde +ghvfulehg lq fkdswhu 9, frqvlvwv ri erxqghgo| udwlrqdo vdwlv�flqj

djhqwv sod|lqj sdluzlvh jdphv ri wkh vlqjoh0vkrw Sulvrqhu*v Glohppd +SG, jdph1 Djhqwv

fdq rqo| lghqwli| hdfk rwkhu e| revhuylqj vxuidfh wdjv +uhsuhvhqwlqj ihdwxuhv ru vrfldo fxhv,

zklfk pd| qrw eh xqltxh1 Dv d frqvhtxhqfh ri wklv lw zrxog vhhp xqolnho| wkdw uhflsurfdo

fr0rshudwlyh vwudwhjlhv zrxog hphujh vlqfh lqglylgxdo ohyho uhfrjqlwlrq dqg sxqlvkphqw lv

d suhuhtxlvlwh iru wklv ^8`1 Krzhyhu/ vlqfh wkh djhqwv duh vdwlv�fhuv/ ehlqj vdwlv�hg zlwk

dq| jdph rxwfrph rwkhu wkdq ehlqj %vxfnhuhg% ru %sxqlvkhg%/ lw zrxog dsshdu wkdw fr0

rshudwlrq kdv d ehwwhu fkdqfh ri hphujlqj wkdq lq vfhqdulrv zkhuh wkh djhqwv duh vwulfw

xwlolw| pd{lplvhuv1

Dv glvfxvvhg suhylrxvo| +vhh fkdswhu 9/ wdeoh 914, wkh VwhuhrOde kdv 4: +qrq0�{hg,

h{rjhqrxvo| gh�qhg sdudphwhuv frqwuroolqj ydulrxv dvshfwv ri djhqw ehkdylrxu/ lqwhudfwlrq

dqg hqylurqphqwdo vwuxfwxuh1 Lq wklv fkdswhu dq hpslulfdo lqyhvwljdwlrq ri vlpxodwlrq uxqv

lv xvhg wr dqvzhu wkh txhvwlrq= %Zklfk uhjlrqv ri wkh sdudphwhu vsdfh surgxfh kljko|

fr0rshudwlyh dqg kljko| qrq0frrshudwlyh vrflhwlhv dqg zk|B%/ zlwk sduwlfxodu hpskdvlv rq

fr0rshudwlyh vrflhwlhv1
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Wkh sdudphwhu vsdfh zdv vshfl�hg ryhu wkh udqjh ri wkh h{rjhqrxvo| gh�qhg sd0

udphwhuv1 Hdfk glphqvlrq zdv txdqwlvhg lqwr glvfuhwh lqfuhphqwv1 Iru lqwhjhu sdudphwhuv

wkh lqfuhphqw zdv vhw wr 41 Iru sdudphwhuv lq wkh udqjh ^3114` wkh lqfuhphqw zdv vhw wr

3141 Wklv surgxfhv d glvfuhwh vsdfh/ ru julg/ frqwdlqlqj 8 { < { 43� { 44�2 @ 4174 { 43�.

srvvleoh xqltxh srlqwv +rqh srlqw iru hdfk frpelqdwlrq ri sdudphwhu ydoxhv,1 Lq rughu wr

orfdwh uhjlrqv ri kljk dqg orz fr0rshudwlrq ehwzhhq djhqwv lq wkh sdudphwhu vsdfh/ wzr

phwkrgv zhuh xvhg1 Iluvwo|/ ghflvlrq wuhh lqgxfwlrq +xvlqj wkh F718 dojrulwkp ^46<`, zdv

xvhg ryhu d odujh udqgrp vdpsoh ri srlqwv wdnhq iurp wkh zkroh vsdfh +vhh vhfwlrq ;14,1

Vhfrqgo|/ n0phdqv foxvwhu dqdo|vlv zdv frpelqhg zlwk srlqwv irxqg yld kloo0folpelqj lq wkh

vsdfh +vhh vhfwlrq ;15,1

Lqwhuhvwlqjo|/ lw zdv irxqg wkdw dowkrxjk wkh djhqwv duh vdwlv�fhuv/ kljko| fr0

rshudwlyh vrflhwlhv duh uduh zlwklq wkh vsdfh1 Dqdo|vlv vxjjhvwv wkdw iru wkrvh uduh kljko|

fr0rshudwlyh vrflhwlhv/ wzr glvwlqfw irupv ri jdph lqwhudfwlrq orfdolvdwlrq +ru %sdurfkldo0

lvp%, surprwh fr0rshudwlrq +dprqj rwkhu phfkdqlvpv,1 Wkhvh wdnh wkh irup ri vsdwldo

sdurfkldolvp +djhqwv rqo| sod|lqj jdphv zlwk rwkhuv vkdulqj wkh vdph whuulwru|, dqg fxo0

wxudo sdurfkldolvp +djhqwv rqo| sod|lqj jdphv zlwk rwkhuv vkdulqj wkh vdph ru yhu| vlplodu

wdjv,1 Wkh F718 dojrulwkp frpelqhg zlwk udqgrp vdpsolqj lghqwl�hg wkh vsdwldo phfkd0

qlvp +vhh vhfwlrq ;1418, dv glg n0phdqv foxvwhu dqdo|vlv frpelqhg zlwk kloo0folpelqj +vhh

vhfwlrq ;1515,1 Wkh fxowxudo phfkdqlvp zdv irxqg e| dsso|lqj n0phdqv foxvwhulqj wr srlqwv

iurp dq h{whqghg sdudphwhu vsdfh +vhh vhfwlrq ;1517,1 Wkh surfhvv ri fxowxudo sdurfkldolvp

lghqwl�hg lv qryho dqg lv lqwhusuhwhg dv d irup ri %fxowxudo jurxs vhohfwlrq% +vhh vhfwlrq

;1518,1 Fkdswhu < h{soruhv wklv surfhvv ixuwkhu1
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Wkh F718 dojrulwkp zdv xvhg wr lqgxfh uhjlrqv lq wkh vsdfh dv iroorzv= Iluvwo| wkh

sdudphwhu vsdfh zdv udqgrpo| vdpsohg +dssur{lpdwho| 43/333 srlqwv, lq rughu wr jdlq dq

hpslulfdo phdvxuh iru wkh suhydohqfh ri fr0rshudwlrq zlwklq wkh vsdfh +vdpsoh 4,1 Hdfk srlqw

lq wkh vsdfh uhsuhvhqwv d vlpxodwlrq uxq whuplqdwhg diwhu 433 f|fohv1 Dv vwdwhg suhylrxvo|

+vhh vhfwlrq 91816 lq fkdswhu 9, rqh f|foh lv htxlydohqw wr 43Q jdph lqwhudfwlrqv/ zkhuh Q

lv wkh qxpehu ri djhqwv1 Wkh qxpehu ri djhqwv lv �{hg dw 434� iru doo h{shulphqwv ghwdlohg

khuh1 Frqvhtxhqwo| d vlqjoh vlpxodwlrq uxq lv whuplqdwhg diwhu 434/333 jdph lqwhudfwlrqv21

Jdph lqwhudfwlrq ehwzhhq djhqwv lqyroyhv sdluv ri djhqwv sod|lqj vlqjoh0vkrw jdphv

ri wkh SG +vhh vhfwlrq 51414 lq fkdswhu 5 dqg vhfwlrq 916 lq fkdswhu 9,1 Wkh dprxqw ri fr0

rshudwlrq +FF, iru d uxq lv fdofxodwhg dv wkh sursruwlrq ri pxwxdoo| fr0rshudwlyh jdph

lqwhudfwlrqv ryhu wkh odvw f|foh1 Li djhqwv vhohfwhg vwudwhjlhv udqgrpo|/ 58( ri jdph lq0

whudfwlrqv zrxog eh pxwxdoo| fr0rshudwlyh +l1h1 zkhq erwk djhqwv fr0rshudwh,/ 58( zrxog

eh pxwxdoo| ghihfwlyh +l1h1 zkhq erwk djhqwv ghihfw, dqg 83( zrxog eh h{sorlwdwlyh +l1h1

zkhq rqh djhqw fr0rshudwhv dqg wkh rwkhu djhqw ghihfwv,1 Iljxuh ;14 vkrzv d iuhtxhqf|

glvwulexwlrq klvwrjudp ri wkh FF phdvxuhv iru wkh lqlwldo vdpsoh +vdpsoh 4,1

Wkuhvkrogv zhuh wkhq fdofxodwhg ryhu wkh FF phdvxuhv lq wkh vdpsoh vxfk wkdw wkh|

sduwlwlrqhg wkh vdpsoh lqwr fdwhjrulhv ri lqfuhdvlqj FF ydoxh 0 43 shufhqwloh glylvlrqv +vhh

wdeoh ;14,1 Wkh F718 dojrulwkp zdv wkhq dssolhg xvlqj hdfk srlqw dv d fdvh dqg shufhqwloh

phpehuvkls dv wkh fdwhjrulfdo fodvv iru wkdw fdvh1 D %zhljkw ydoxh% ri 933 zdv xvhg +vhh

vhfwlrq ;1414 ehorz iru d ghvfulswlrq ri krz wklv ydoxh zdv rewdlqhg,1 Dq lqgxfhg ghflvlrq
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Proportion of CC in last cycle
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Std. Dev = .11  

Mean = .26

N = 9939.00

Iljxuh ;14= Iuhtxhqf| ri fr0rshudwlrq ryhu wkh zkroh sdudphwhu vsdfh +vdpsoh 4,1 Wklv lv dq
lqlwldo vdpsoh frpsulvlqj dssur{lpdwho| 43/333 udqgrp srlqwv iurp wkh sdudphwhu vsdfh1
Wkh fkduw vkrzv wkh iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq1 Fr0rshudwlrq lv glvwulexwhg
durxqg wkh phdq ri 31591 Qrwlfh wkh vpdoo shdn dw FF@41331 Wklv lqglfdwhv wkdw d vpdoo
qxpehu ri srlqwv lq wkh vdpsoh kdyh pd{lpxp fr0rshudwlrq1 Vhh vhfwlrq ;1415 iru ghwdlov
ri phfkdqlvpv surgxflqj kljk fr0rshudwlrq1
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Proportion of CC in last cycle
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Iljxuh ;15= Iuhtxhqf| ri fr0rshudwlrq ryhu wkh zkroh sdudphwhu vsdfh +vdpsoh 5,1 D vhfrqg
lqghshqghqw vdpsoh frpsulvlqj dssur{lpdwho| 43/333 udqgrp srlqwv iurp wkh sdudphwhu
vsdfh1 Wkh fkduw vkrzv wkh iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq1 Fr0rshudwlrq lv glv0
wulexwhg durxqg wkh phdq ri 31591

wuhh zdv surgxfhg +vhh �jxuh ;16,1 Wkh wuhh jhqhudolvhv fodvv phpehuvkls ryhu sdudphwhu

lqwhuydov1 Lq rughu wr yhuli| wkh dffxudf| ri wkh jhqhudolvdwlrq surgxfhg d ixuwkhu vdpsoh ri

dssur{lpdwho| 43/333 srlqwv zdv pdgh +vdpsoh 5,1 D wuhh zdv lqghshqghqwo| lqgxfhg iurp

wklv vdpsoh lq rughu wr yhuli| wkdw d vwdeoh jhqhudolvdwlrq zdv irxqg +vhh �jxuh ;17,1 Iljxuh

;15 vkrzv d iuhtxhqf| glvwulexwlrq klvwrjudp ri wkh FF phdvxuhv iru vdpsoh 51

H���� �LT�?} `�|� 5|LU�@t|�U�|)

F718 doorzv wkh vhwwlqj ri d zhljkw sdudphwhu wr jxlgh wkh lqgxfwlrq surfhvv1

Wkh zhljkw lqglfdwhv wkh plqlpxp qxpehu ri srlqwv wkdw vkrxog idoo zlwklq dq| uhjlrq

lqglfdwhg dw wkh ohdi qrgh ri wkh wuhh1 Hvvhqwldoo| d vpdoo ydoxh fdq fdxvh %ryhu�wwlqj%
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Shufhqwlohv Pd{1 Ydoxh

43 14:<

53 1548

63 1563

73 1573

83 157<

93 158<

:3 159<

;3 15;7

<3 1653

Wdeoh ;14= Wkh shufhqwloh udqjhv ryhu wkh ohyho ri fr0rshudwlrq phdvxuh iru vdpsoh 41

zklfk lv hvshfldoo| wurxeohvrph iru qrlv| gdwd1 Lq wkh fdvh ri wkh vlpxodwlrq gdwd khuh/

%qrlvh% lv d uhvxow ri wkh qrq0ghwhuplqlvwlf qdwxuh ri wkh rxwsxw phdvxuhv zlwk uhvshfw wr

wkh lqsxw sdudphwhuv1 Lq wklv lqvwdqfh d zhljkw ri 933 zdv xvhg1 Wklv ydoxh zdv fkrvhq

dv wkh ehvw frpsurplvh ryhu wkh wkuhh uhtxluhphqwv ri vwdelolw|/ frpsdfwqhvv dqg dffxudf|1

Wklv ydoxh zdv irxqg hpslulfdoo| e| lqgxflqj 43 wuhhv zlwk zhljkwv iurp 433 wr 4333 lq

lqfuhphqwv ri 433 iru erwk vdpsohv dqg wkhq xvlqj wkh lqghshqghqw vdpsoh dv dq xqvhhq

whvw vhw1 Iurp wkrvh 53 lqgxfhg wuhhv wkh h{shfwhg/ dfwxdo dqg irxqg huuru dorqj zlwk

wuhh vl}h zhuh fdofxodwhg1 Iljxuhv ;18/ ;19/ ;1: dqg ;1; jlyh wkh uhvxowv iurp wkhvh zhljkw

sdudphwhu h{shulphqwv1

Dv fdq eh vhhq/ zlwk d zhljkw ri 933 d frpsdfw wuhh lv surgxfhg zklfk lv qrw wrr

idu iurp wkh huuru udwhv dwwdlqhg zkhq pxfk vpdoohu zhljkwv duh xvhg1 Lpsruwdqwo| wklv

ydoxh dovr jlyhv d uhodwlyho| vwdeoh lqgxfhg wuhh ryhu wkh wzr lqghshqghqw vdpsohv1 Iljxuhv

;16 dqg ;17 vkrz wkh wzr wuhhv lqgxfhg iurp wkh wzr lqghshqghqw vdpsohv1 Iljxuh ;1<

vkrzv wkh orzhvw dqg kljkhvw shufhqwloh uhjlrqv irxqg lq hdfk wuhh1 Wkh �uvw ydoxh lq vtxduh

eudfnhwv jlyhq diwhu hdfk uhjlrq lqglfdwhv wkh sursruwlrq ri srlqwv zlwklq wkh uhjlrq zklfk

duh qrw d phpehu ri wkh fodvv vhohfwhg iru wkh uhjlrq1 D ydoxh ri }hur zrxog lqglfdwh wkdw

doo srlqwv wkdw idoo zlwklq wkh uhjlrq duh ri wkh fodvv dvvrfldwhg zlwk wkh uhjlrq1 Wklv ydoxh
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Simplified Decision Tree:

Mt <= 0 : 1 (931.0/516.0) [0.55] [0.35]
Mt > 0 :
|   Cr <= 0 : 1 (795.0/478.1) [0.60] [0.30]
|   Cr > 0 :
|   |   Vg <= 0 : 10 (737.0/499.3) [0.68] [0.22]
|   |   Vg > 0 :
|   |   |   Pm <= 0 : 6 (676.0/567.1) [0.84] [0.06]
|   |   |   Pm > 0 :
|   |   |   |   Ms <= 0.1 : 10 (661.0/558.0) [0.84] [0.06]
|   |   |   |   Ms > 0.1 :
|   |   |   |   |   Mt <= 0.1 : 10 (618.0/512.0) [0.83] [0.07]
|   |   |   |   |   Mt > 0.1 :
|   |   |   |   |   |   Fg <= 0.2 : 10 (1022.0/859.6) [0.84] [0.06]
|   |   |   |   |   |   Fg > 0.2 :
|   |   |   |   |   |   |   Fc <= 0.1 : 6 (832.0/690.0) [0.83] [0.07]
|   |   |   |   |   |   |   Fc > 0.1 :
|   |   |   |   |   |   |   |   M > 7 : 5 (1209.0/1018.3) [0.84] [0.06]
|   |   |   |   |   |   |   |   M <= 7 :
|   |   |   |   |   |   |   |   |   Pm <= 0.3 : 5 (800.0/684.4) [0.86] [0.04]
|   |   |   |   |   |   |   |   |   Pm > 0.3 :
|   |   |   |   |   |   |   |   |   |   Fc <= 0.5 : 3 (748.0/646.0) [0.86] [0.04]
|   |   |   |   |   |   |   |   |   |   Fc > 0.5 : 9 (910.0/781.8) [0.86] [0.04]

Evaluation on training data (9939 items):

 Before Pruning           After Pruning
----------------   ---------------------------
Size      Errors   Size      Errors   Estimate

  25  7710(77.6%)     23  7711(77.6%)    (78.6%)   <<

Evaluation on test data (10026 items):

 Before Pruning           After Pruning
----------------   ---------------------------
Size      Errors   Size      Errors   Estimate

  25  7835(78.1%)     23  7828(78.1%)    (78.6%)   <<

Confusion Matrix:

  (a)  (b)  (c)  (d)  (e)  (f)  (g)  (h)  (i)  (j) <-classified as
 ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
  760        13        15    1             31  180 (a): class 1
  342        86       142   80            101  306 (b): class 2
  129       107       260  220            105  286 (c): class 3
   69        81       197  209            102  234 (d): class 4
   65        95       258  240             97  223 (e): class 5
   57        78       331  273            120  274 (f): class 6
   39        87       262  210             94  256 (g): class 7
   44        94       245  175             91  268 (h): class 8
   67        93       195  108            111  394 (i): class 9
  154        34        56    8             85  689 (j): class 10

Iljxuh ;16= Wkh F718 lqgxfhg ghflvlrq wuhh jhqhudwhg iurp wkh lqlwldo vdpsoh +vdpsoh 4, dqg
hydoxdwhg rq d vhfrqg lqghshqghqw vdpsoh +vdpsoh 4,1 Wkh Frqixvlrq pdwul{ vkrzv krz
wkh xqvhhq fdvhv lq vdpsoh 5 zhuh fdwhjrulvhg e| wkh lqgxfhg wuhh1 Wklv fdq eh frpsduhg
zlwk �jxuh ;17 ehorz1
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Decision Tree:

Mt <= 0 : 1 (877.0/455.0) [0.52] [0.38]
Mt > 0 :
|   Cr <= 0 : 1 (849.0/511.0) [0.60] [0.30]
|   Cr > 0 :
|   |   Vg <= 0 : 10 (759.0/489.0) [0.64] [0.26]
|   |   Vg > 0 :
|   |   |   Pm <= 0 : 5 (724.0/593.0) [0.82] [0.08]
|   |   |   Pm > 0 :
|   |   |   |   Ms <= 0.1 : 10 (717.0/590.0) [0.82] [0.08]
|   |   |   |   Ms > 0.1 :
|   |   |   |   |   Mt <= 0.2 :
|   |   |   |   |   |   Fg <= 0.5 : 10 (610.0/472.0) [0.77] [0.13]
|   |   |   |   |   |   Fg > 0.5 : 2 (620.0/533.0) [0.86] [0.04]
|   |   |   |   |   Mt > 0.2 :
|   |   |   |   |   |   Fg <= 0.2 : 10 (885.0/755.0) [0.85] [0.05]
|   |   |   |   |   |   Fg > 0.2 :
|   |   |   |   |   |   |   Fc <= 0.1 : 6 (723.0/589.0) [0.81] [0.09]
|   |   |   |   |   |   |   Fc > 0.1 :
|   |   |   |   |   |   |   |   B <= 5 : 6 (1270.0/1055.0) [0.83] [0.07]
|   |   |   |   |   |   |   |   B > 5 :
|   |   |   |   |   |   |   |   |   Pm <= 0.5 : 6 (971.0/811.0) [0.84] [0.06]
|   |   |   |   |   |   |   |   |   Pm > 0.5 : 9 (1021.0/880.0) [0.86] [0.04]

Evaluation on training data (10026 items):

 Before Pruning           After Pruning
----------------   ---------------------------
Size      Errors   Size      Errors   Estimate

  23  7733(77.1%)     23  7733(77.1%)    (78.1%)   <<

Evaluation on test data (9939 items):

 Before Pruning           After Pruning
----------------   ---------------------------
Size      Errors   Size      Errors   Estimate

  23  7821(78.7%)     23  7821(78.7%)    (78.1%)   <<

Confusion Matrix:

  (a)  (b)  (c)  (d)  (e)  (f)  (g)  (h)  (i)  (j) <-classified as
 ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
  753   23                  20             21  191 (a): class 1
  341   75             21  210             92  266 (b): class 2
  125   69             96  375            116  241 (c): class 3
   63   64             95  404            108  218 (d): class 4
   52   58            112  485            105  237 (e): class 5
   47   68            116  436             97  241 (f): class 6
   56   60             97  394             88  229 (g): class 7
   44   48             98  386            130  291 (h): class 8
   71   70             40  300            129  377 (i): class 9
  174   72              1   57             73  613 (j): class 10

Iljxuh ;17= Wkh F718 lqgxfhg wuhh surgxfhg iurp d vhfrqg lqghshqghqw vdpsoh +vdpsoh 5,
dqg hydoxdwhg rq vdpsoh 41 Wkh Frqixvlrq pdwul{ vkrzv krz wkh xqvhhq fdvhv lq vdpsoh 4
zhuh fdwhjrulvhg e| wkh lqgxfhg wuhh1 Wklv fdq eh frpsduhg zlwk �jxuh ;16 deryh1
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Weight Parameter
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Pruned Error

Unseed Error

Pruned Unseed Error

Estimated Error

Iljxuh ;18= Wkh h�hfw ri gl�huhqw zhljkw sdudphwhu ydoxhv rq wkh dffxudf| ri wkh lqgxfhg
ghflvlrq wuhh iru wkh lqlwldo vdpsoh +vdpsoh 4,1 Wkh xqvhhq huuru ydoxhv duh fdofxodwhg xvlqj
wkh vhfrqg lqghshqghqw vdpsoh +vdpsoh 5,1
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Weight Parameter
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Iljxuh ;19= Wkh h�hfw ri gl�huhqw zhljkw sdudphwhuv rq wkh vl}h ri wkh lqgxfhg ghflvlrq wuhh
iru wkh lqlwldo vdpsoh +vdpsoh 4,1
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Weight Parameter
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Iljxuh ;1:= Wkh h�hfw ri gl�huhqw zhljkw sdudphwhu ydoxhv rq wkh dffxudf| ri wkh lqgxfhg
ghflvlrq wuhh iru wkh vhfrqg vdpsoh +vdpsoh 5,1 Wkh xqvhhq huuru ydoxhv duh fdofxodwhg xvlqj
wkh suhylrxv lqghshqghqw vdpsoh +vdpsoh 4,1
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Weight Parameter
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Iljxuh ;1;= Wkh h�hfw ri gl�huhqw zhljkw sdudphwhuv rq wkh vl}h ri wkh lqgxfhg ghflvlrq wuhh
iru wkh vhfrqg vdpsoh +vdpsoh 5,1
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Sample 1:

mt=0 class 1, [0.55] [0.35]
mt>0, cr=0 class 1, [0.60] [0.30]
mt>0, cr>0, vg=0 class 10, [0.68] [0.22]
mt>0, cr>0, vg>0, pm>0, ms=0.1 class 10, [0.84] [0.06]
mt>0, mt<=0.1, cr>0, vg>0, pm>0, ms>0.1 class 10, [0.83] [0.07]
mt>0.1, cr>0, vg>0, pm>0, ms>0.1, fg<=0.2 class 10, [0.84] [0.06]

Sample 2:

mt=0 class 1, [0.52] [0.38]
mt>0, cr=0 class 1, [0.60] [0.30]
mt>0, cr>0, vg=0 class 10, [0.64] [0.26]
mt>0, cr>0, vg>0, pm>0, ms=0.1 class 10, [0.82] [0.08]
mt>0, mt<=0.2, cr>0, vg>0, pm>0, ms>0.1, fg<=0.5 class 10, [0.77] [0.13]
mt>0.2, cr>0, vg>0, pm>0, ms>0.1, fg<=0.2 class 10, [0.85] [0.05]

Iljxuh ;1<= Wkh uhjlrqv ri kljk dqg orz frrshudwlrq lqgxfhg iurp erwk vdpsohv1 Khuh doo
kljk dqg orz uhjlrqv lqgxfhg duh vkrzq1 D zhljkw ri 933 zdv xvhg gxulqj wkh lqgxfwlrq
surfhvv1 Wkh qxpehuv lq vtxduh eudfnhwv lqglfdwh wkh txdolw| ri wkh uhjlrq +vhh vhfwlrq ;1414
iru d ghvfulswlrq ri wkhvh,1

fdq eh ylhzhg dv d nlqg ri %huuru ydoxh% lqglfdwlqj wkh fodvv krprjhqhlw| ri wkh uhjlrq1 Wkh

kljkhu wkh ydoxh/ wkh orzhu wkh txdolw| ri wkh uhjlrq1 Wkh vhfrqg ydoxh lq vtxduh eudfnhwv

lv 31< plqxv wkh suhylrxv %huuru ydoxh%1 Wklv ydoxh lqglfdwhv wkh sursruwlrqdwh lqfuhdvh

lq suhglfwlyh srzhu ryhu vlpso| jxhvvlqj wkh fodvv ri srlqwv zlwklq wkh uhjlrq +vlqfh lw lv

dvvxphg wkdw e| jxhvvlqj/ d fruuhfw suhglfwlrq zrxog eh pdgh 43( ri wkh wlph,1 Dv fdq eh

vhhq/ dowkrxjk d zhljkw ydoxh ri 933 jlyhv d uhodwlyho| vwdeoh dqg frpsdfw wuhh uhsuhvhqwdwlrq

0 lqgxflqj doprvw lghqwlfdo uhjlrqv iru wkh orzhvw dqg kljkhvw shufhqwloh fodvvhv iurp wkh wzr

lqghshqghqw vdpsohv 0 wkh txdolw| ri wkh uhjlrqv irxqg +lq whupv ri %huuru ydoxh%, lv srru1

Lq dq dwwhpsw wr �qg kljkhu txdolw| uhjlrqv dq dowhuqdwlyh dssurdfk zdv dssolhg1

D zhljkw ydoxh ri 433 zdv xvhg +surgxflqj yhu| odujh wuhhv, dqg wkh ehvw +lq whupv ri orz

huuru ydoxh, wkuhh orzhvw dqg kljkhvw fodvv uhjlrqv zhuh vhohfwhg iurp wkh wuhh1 Wklv surfhvv

zdv dssolhg wr erwk lqghshqghqw vdpsohv1 Wkh uhvxowv duh vkrzq lq �jxuh ;1431 Dv fdq eh

vhhq kljkhu txdolw| uhjlrqv duh irxqg dqg wkhvh duh uhodwlyho| vwdeoh dfurvv wkh wzr vdpsohv1
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Sample 1

1a) mt>0, cr=0, ms<0.8, ms>0.3 class 1, (402/180) [0.45] [0.45]
1b) mt=0, ms<=0.9 class 1, (829/434) [0.52] [0.38]
1c) mt>0, cr>0, vg=0, fm<=0.1 class 10, (150/37) [0.25] [0.65]
1d) mt>0, cr>0, vg=0, fm>0.1, fc>0.1, mt<0.3 class 10, (148/92) [0.63] [0.27]
1e) mt>0.1, cr>0, vg>0, pm>0.3, fg<=0.1, fc>0.2, ms>0.1 class 10, (256/167) [0.66] [0.24]

Sample 2

2a) mt>0, cr=0, ms<=0.8, ms>0.3 class 1, (427/183) [0.43] [0.47]
2b) mt=0 class 1, (877/465) [0.53] [0.37]
2c) mt>0, cr>0, vg=0, fm<=0.1 class 10, (153/29) [0.20] [0.70]
2d) mt>0, cr>0, vg=0, fm>0.1, fc>0.1, pm>0.2 class 10, (374/259) [0.69] [0.21]
2e) mt>0, cr>0, vg>0, pm>0.4, fg<=0.1, fc>0.1 class 10, (284/187) [0.66] [0.24]

Iljxuh ;143= Wkh ehvw wkuhh uhjlrqv irxqg iru wkh kljkhvw dqg orzhvw fr0rshudwlyh fodvvhv
zkhq wkh zhljkw ydoxh lv vhw wr 433 iru wkh wzr lqghshqghqw vdpsohv1

H���2 +i}�L?t Lu O�}� @?_ wL� �L�LTih@|�L?

Wkh wuhh lqgxfhg zlwk zhljkwv ri 933 iurp wkh lqlwldo vdpsoh +�jxuh ;16, dqg wkh

vhfrqg vdpsoh +�jxuh ;17, orfdwhg wkh uhjlrqv ri kljk dqg orz fr0rshudwlrq vkrzq lq �jxuh

;1<1 Wkh wuhhv lqgxfhg zlwk zhljkwv ri 433 iurp wkh wzr vdpsohv orfdwhg wkh uhjlrqv ri

kljk dqg orz fr0rshudwlrq vkrzq lq �jxuh ;1431 Lq wkh iroorzlqj vhfwlrqv h{sodqdwlrqv/

lqiruphg e| wkh dqdo|vlv ri w|slfdo lqglylgxdo uxqv idoolqj zlwklq wkhvh uhjlrqv/ duh jlyhq ri

wkh phfkdqlvpv surgxflqj kljk dqg orz fr0rshudwlrq1 Wlph vhulhv sorwv ri w|slfdo lqglylgxdo

uxqv duh vkrzq1 Iluvwo|/ uhjlrqv lq zklfk fr0rshudwlrq zdv orz duh h{dplqhg1 Vhfrqgo|/

uhjlrqv lq zklfk kljk fr0rshudwlrq zdv irxqg duh frqvlghuhg1 Iurp wkh uhjlrqv lqgxfhg e|

F718 +vhh �jxuhv ;1< dqg ;143, lw fdq eh vhhq wkdw zkhq PW@3 ru FU@3 fr0rshudwlrq lv

orz1 Wkh phfkdqlvpv zkhuhe| orz fr0rshudwlrq lv surgxfhg lq wkhvh uhjlrqv/ lq dgglwlrq

wr vrph w|slfdo lqglylgxdo uxqv/ duh jlyhq lq vhfwlrqv ;1416 dqg ;14171 Kljk fr0rshudwlrq

dsshduv wr uhvxow iurp wkh uhodwlrqvkls ehwzhhq wkh udqjh ri whuulwrulhv ryhu zklfk jdph

lqwhudfwlrq wdnhv sodfh dqg wkh dprxqw ri fxowxudo lqwhudfwlrq wkdw wdnhv sodfh uhodwlyh wr

jdph lqwhudfwlrq1 Vhfwlrqv ;1418 dqg ;1419 ghwdlo wkh phfkdqlvpv zkhuhe| kljk fr0rshudwlrq
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lv surgxfhg lq wkhvh uhjlrqv lq dgglwlrq wr vrph w|slfdo lqglylgxdo uxqv1

H���� wL� �L�LTih@|�L? `�i? ��|@|�L? �t ~ihL

Zkhq PW@3 vlpxodwlrq uxqv whqg wrzdugv orzhu ohyhov ri fr0rshudwlrq frpsduhg

wr wkdw irxqg ryhu wkh zkroh sdudphwhu vsdfh +vhh �jxuh ;144,1 Zkhq PW@3 wklv lqglfdwhv

wkdw qr pxwdwlrq ri phphv wdnhv sodfh dw doo1 Xqghu vxfk frqglwlrqv qhz phphv fdqqrw eh

fuhdwhg vlqfh wkhuh lv qr %fxowxudo lqqrydwlrq%1 Wkhuh lv wkhuhiruh d edwwoh ehwzhhq rqo| wkrvh

phphv lq wkh lqlwldo srsxodwlrq/ zlwk qr qhz phphv ehlqj surgxfhg1 Krzhyhu/ dowkrxjk

wkh phdq ri fr0rshudwlyh lqwhudfwlrqv ghfuhdvhv iurp 3159 wr 3156/ wkh glvwulexwlrq vwuhwfkhv

lqwr wkh kljkhu fr0rshudwlrq ohyhov zlwk d vpdoo shdn dw wkh kljkhvw srvvleoh fr0rshudwlrq

ohyho +vhh �jxuh ;144,1 Wklv lqglfdwhv wkdw dowkrxjk wkhuh lv d orw ri orz fr0rshudwlrq zlwklq

wklv uhjlrq wkhuh duh dovr vpdoo dprxqwv ri kljk fr0rshudwlrq1 Lw zrxog vhhp wkdw jlyhq vrph

lqlwldo fr0rshudwlyh vwudwhjlhv zlwklq wkh srsxodwlrq vrph uxqv doorz wkrvh wr vsuhdg wr wkh

hqwluh srsxodwlrq1 D surfhvv wkdw surgxfhv kljk fr0rshudwlrq zlwklq wklv uhjlrq lv glvfxvvhg

odwhu +vhh vhfwlrq ;1515,1 Iljxuhv ;145/ ;146 dqg ;147 vkrz wkh g|qdplfv ri vrph w|slfdo

lqglylgxdo uxqv iurp wkh PW@3 uhjlrq1 Lq rughu wr looxvwudwh wkh g|qdplfv ri lqglylgxdo

uxqv/ ryhu wkh glvwulexwlrq vkrzq lq �jxuh ;144/ uxqv surgxflqj plqlpxp/ pd{lpxp dqg

prgdo ohyhov ri fr0rshudwlrq zhuh h{dplqhg1 Lq hdfk fdvh d vlqjoh uxq zdv vhohfwhg iurp

vdpsoh 4 dqg wkhq d vhw ri uhsolfdwlrqv zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv

zhuh shuiruphg1 Iru doo wkh lqglylgxdo uxq judskv wkdw iroorz/ FF lqglfdwhv wkh sursruwlrq

ri jdph lqwhudfwlrqv ryhu d f|foh wkdw zhuh pxwxdoo| fr0rshudwlyh1 GG dqg GF lqglfdwh

wkh sursruwlrq ri jdphv wkdw zhuh pxwxdoo| ghihfwlyh ru pl{hg uhvshfwlyho|1 FI lqglfdwhv

wkh dyhudjh frq�ghqfh ri doo phphv lq wkh vrflhw|1 Wklv phdvxuh jlyhv dq lqglfdwlrq ri

krz pxfk vdwlvidfwlrq wkh vrflhw| lv vxvwdlqlqj1 OH lqglfdwhv wkh %odeho hqwurs|% zklfk
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Proportion of CC in last cycle
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Std. Dev = .18  

Mean = .23

N = 931.00

Iljxuh ;144= Iuhtxhqf| ri fr0rshudwlrq lq wkh uhjlrq zkhuh PW @ 31 Wkh fkduw vkrzv

wkh iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq1 Fr0rshudwlrq lv glvwulexwhg durxqg wkh phdq

ri 31561 Wklv fdq eh frpsduhg wr �jxuh ;14 vkrzlqj wkh iuhtxhqf| ri fr0rshudwlrq iru wkh

hqwluh sdudphwhu vsdfh1 Qrwlfh wkdw wkhuh duh d vpdoo qxpehu ri kljko| frrshudwlyh srlqwv

zlwklq wklv uhjlrq1 Vhh vhfwlrq ;1515 dqg vhfwlrq ;1515 iru d glvfxvvlrq wkhvh fr0rshudwlyh

srlqwv1
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phdvxuhv glyhuvlw| ri djhqw odehov +wdjv, vhh htxdwlrqv ;14 dqg ;151 Htxdwlrq ;14 jlyhv wkh

dyhudjh qxpehu ri elwv uhtxluhg wr lghqwli| dq djhqw +dv sduw ri d jurxs vkdulqj wkh vdph

elwv, vhohfwhg dw udqgrp iurp wkh vrflhw| +qrupdolvhg lqwr wkh udqjh 3114,1 Htxdwlrq ;15

vhohfwv wkh dssursuldwh glylvru iru wkh qrupdolvdwlrq1 Dq OH ydoxh ri }hur lqglfdwhv wkdw

doo djhqwv vkduh wkh vdph odeho elwv1 Dq OH ydoxh ri rqh lqglfdwhv wkdw djhqw odehov duh

pd{lpdoo| glvwulexwhg ryhu doo srvvleoh xqltxh odeho sdwwhuqv ru wkdw doo djhqwv srvvhvv d

gl�huhqw odeho +li wkhuh duh pruh srvvleoh xqltxh odehov wkdq djhqwv lq wkh vrflhw|,1 Wklv

hqwurs| phdvxuh lv edvlfdoo| d qrupdolvhg irup ri Vkdqqrq*v lqirupdwlrq frqwhqw htxdwlrq

^46<`1
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AA=

orj2 +Q, l� 5K A Q

E rwkhuzlvh

��������
+;15,

Zkhuh j @ qxpehu ri jurxsv zlwk xqltxh wdjv

JV� @ qxpehu ri djhqwv lq jurxs l

Q @ wrwdo qxpehu ri djhqwv lq srsxodwlrq

E @ qxpehu ri elwv lq wdj

;141614 Plqlpxp Fr0rshudwlyh Uxqv iru PW@3

Iljxuh ;145+d, vkrzv d vlqjoh uxq iurp wkh PW@3 uhjlrq zklfk uhvxowhg lq }hur

fr0rshudwlyh lqwhudfwlrqv1 Qrwlfh wkdw dowkrxjk ryhudoo djhqw frq�ghqfh +FI, lv orz/ qr

fkdqjh lq ehkdylrxu rffxuv ehfdxvh wkhuh lv qr pxwdwlrq +%fxowxudo lqqrydwlrq%,1 FI grhv

qrw txlwh uhdfk }hur gxh wr uhshdwhg uhlqirufhphqw hyhqwv dv djhqwv pxwxdoo| uhsolfdwh wkh

vdph +qrq0frrshudwlyh, phphv1 Iljxuhv ;145+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv zlwk
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(d)

Iljxuh ;145= D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj plqlpxp fr0rshudwlrq1
FF/ GG dqg GF vkrz wkh uhodwlyh sursruwlrqv ri jdph lqwhudfwlrqv1 FI vkrzv wkh dyhudjh
phph frq�ghqfh ohyho1 OH vkrzv wkh hqwurs| ri wkh odeho elwv1 Hdfk uxq vkrzv d wlph
vhulhv iru 433 f|fohv1

lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Gl�huhqw vhhgv

surgxfh gl�huhqw g|qdplfv +dv pljkw eh h{shfwhg,1 Krzhyhu/ hdfk uxq surgxfhv orz fr0

rshudwlrq ohyhov1 Hdfk ri wkh wkuhh uhsolfdwlrqv hqgv zlwk pxwxdo fr0rshudwlyh lqwhudfwlrqv

dw dssur{lpdwho| 43( ri doo jdph lqwhudfwlrqv1
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Iljxuh ;146= D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj prgdo fr0rshudwlrq1
Uxq +d, uhvxowv lq pxwxdo fr0rrshuwlyh lqwhudfwlrqv dw 53(1 Frpsduh wklv zlwk judskv
+e,/ +f, dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo
svhxgr0udqgrp qxpehu vhhgv1

;141615 Prgdo Fr0rshudwlyh Uxqv iru PW@3

Iljxuh ;146+d, vkrzv d vlqjoh uxq iurp wkh PW@3 uhjlrq zklfk uhvxowhg lq 53(

pxwxdoo| fr0rshudwlyh lqwhudfwlrqv1 Iljxuhv ;146+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv

zlwk lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Hdfk uxq

surgxfhv prghudwh fr0rshudwlrq ohyhov1 Hdfk ri wkh wkuhh uhsolfdwlrqv hqgv zlwk pxwxdo

fr0rshudwlyh lqwhudfwlrqv ehwzhhq derxw 48( dqg 58(1
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;141616 Pd{lpxp Fr0rshudwlyh Uxqv iru PW@3

Iljxuh ;147+d, vkrzv d vlqjoh uxq iurp wkh PW@3 uhjlrq zklfk uhvxowhg lq 433(

pxwxdoo| fr0rshudwlyh lqwhudfwlrqv1 Iljxuhv ;147+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv

zlwk lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Hdfk

uxq surgxfhv kljk fr0rshudwlrq ohyhov exw wkhuh lv d odujhu yduldwlrq wkdq irxqg zlwk wkh

suhylrxv plqlpxp dqg prgdo lqglylgxdo uxqv1 Hdfk ri wkh wkuhh uhsolfdwlrqv hqgv zlwk

pxwxdo fr0rshudwlyh lqwhudfwlrqv ehwzhhq derxw 73( dqg :3(1 Wklv lqglfdwhv wkdw kljk fr0

rshudwlrq zlwklq wklv uhjlrq fdq eh vhqvlwlyh wr lqlwldo frqglwlrqv dqg vwrfkdvwlflwlhv zlwklq

wkh prgho1 D phfkdqlvp zklfk surgxfhv fr0rshudwlrq zlwklq wklv uhjlrq lv glvfxvvhg odwhu

+vhh vhfwlrq ;1515,1

H���e wL� �L�LTih@|�L? `�i? �L?�_i?Ui +i_�U|�L? �t ~ihL

Zkhq FU@3/ vlpxodwlrq uxqv whqg wrzdugv orzhu ohyhov ri fr0rshudwlrq1 Zkhq

FU@3 wklv lqglfdwhv wkdw djhqwv qhyhu uhgxfh wkh frq�ghqfh dvvrfldwhg zlwk lqglylgxdo

phphv1 Lq wklv vlwxdwlrq doo phphv zloo txlfno| jdlq d kljk frq�ghqfh +gxh wr lqihfwlrq dqg

uhlqirufhphqw, hyhq li wkhlu krvwv duh qrw vdwlv�hg1

Iljxuh ;148 vkrzv d iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq iru wklv uhjlrq1 Fr0

rshudwlrq lv wljkwo| glvwulexwhg durxqg d orz phdq dqg fdq eh frpsduhg wr wkh glvwulexwlrq

surgxfhg ryhu wkh hqwluh sdudphwhu vsdfh +�jxuh ;14,1

Doo wkh uxqv vkrzq iru wklv uhjlrq +vhh �jxuhv ;149/ ;14:/ ;14;, iroorz wkh vdph

jhqhudo sdwwhuq1 Wkh FI ydoxh vwdelolvhv dw wkh pd{lpxp e| wkh hqg ri wkh �uvw f|foh1 Wkh

HO ydoxh +odeho hqwurs|, vwdelolvhv dw wkh lqlwldo kljk ydoxh1 Wklv lv dq lqhylwdeoh frqvhtxhqfh

ehfdxvh zkhq FU@3 frq�ghqfh ydoxhv dvvrfldwhg zlwk phphv fdq qhyhu eh uhgxfhg1 Zlwklq

wkh lqlwldo f|foh/ doo phphv zloo txlfno| uhdfk pd{lpxp frq�ghqfh gxh wr uhlqirufhphqw
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Iljxuh ;147= D vhw ri uxqv iurp d srlqw lq uhjlrq PW@3 surgxflqj pd{lpxp fr0rshudwlrq1
Uxq +d, uhvxowhg lq pxwxdo fr0rshudwlyh lqwhudfwlrqv dw 433(1 Frpsduh wklv zlwk judskv
+e,/ +f,/ dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo
svhxgr0udqgrp qxpehu vhhgv1 Qrwlfh wkdw dv fr0rshudwlrq lqfuhdvhv wkh OH phdvxuh idoov1



45:

dqg vdwlvidfwlrq rshudwlrqv1 Zkhq doo frq�ghqfh ydoxhv duh dw d pd{lpxp +FI@4, phph

hyroxwlrq h�hfwlyho| vwrsv iru wzr uhdvrqv= H{lvwlqj phphv fdqqrw eh fkdqjhg ehfdxvh

pxwdwlrq grhv qrw rshudwlyh rq phphv zlwk pd{lpxp frq�ghqfh/ dqg phphv fdqqrw vsuhdg

e| uhsolfdwlrq ehfdxvh phphv zlwk pd{lpxp frq�ghqfh dozd|v uhsho fkdoohqjhuv1 Lw lv

wkhuhiruh wr eh h{shfwhg wkdw uxqv zlwklq wklv uhjlrq zloo uhvxow lq �{hg +wkrxjk vwrfkdvwlf,

ehkdylrxuv1 Wkh udqgrp shuwxuedwlrqv ri jdph lqwhudfwlrq w|shv ryhu wlph duh d uhvxow ri

wkh vwrfkdvwlf sdlulqj dqg djhqw uxoh vhohfwlrq phwkrgv1 Wkh uxqv zlwklq wklv uhjlrq duh

ri xvh lq rughu wr vkrz zkdw fdq eh dfklhyhg +fr0rshudwlyho|, zkhq wkhuh lv sudfwlfdoo|

qr phphwlf hyroxwlrq rffxuulqj1 Lw lv ri lqwhuhvw wkdw kljk dqg }hur ohyhov ri fr0rshudwlrq

duh devhqw iurp wkh fdvhv lq wklv uhjlrq +�jxuh ;148,1 Wklv lqglfdwhv wkdw kljk dqg orz

fr0rshudwlrq uhvxowv iurp surfhvvhv lqyroylqj phph hyroxwlrq +zklfk lv qrw rffxuulqj khuh,1

Iljxuhv ;149/ ;14:/ ;14; vkrz wkh g|qdplfv ri vrph w|slfdo lqglylgxdo uxqv zlwklq wkh

uhjlrq FU@31 Lq rughu wr looxvwudwh wkh g|qdplfv ri srlqwv zlwklq wkh uhjlrq/ lqglylgxdo

uxqv surgxflqj plqlpxp/ pd{lpxp dqg prgdo ohyhov ri fr0rshudwlrq zhuh h{dplqhg1 Lq

hdfk fdvh d vlqjoh uxq zdv vhohfwhg iurp wkh uhjlrq dqg wkhq d vhw ri wkuhh uhsolfdwlrqv zlwk

gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv zdv shuiruphg1

;141714 Plqlpxp Fr0rshudwlyh Uxqv iru FU@3

Iljxuh ;149+d, vkrzv d vlqjoh uxq iurp wkh FU@3 uhjlrq zklfk uhvxowhg lq wkh

orzhvw sursruwlrq ri fr0rshudwlyh lqwhudfwlrqv1 Iljxuhv ;149+e,/ +f, dqg +g, vkrz wkuhh

dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu

vhhgv1 Hdfk uxq surgxfhv orz fr0rshudwlrq ohyhov1 Hdfk ri wkh wkuhh uhsolfdwlrqv hqgv

zlwk pxwxdo fr0rshudwlyh lqwhudfwlrqv ehwzhhq dssur{lpdwho| :( dqg 45( ri doo jdph

lqwhudfwlrqv1
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Iljxuh ;148= Iuhtxhqf| ri fr0rshudwlrq zlwklq wkh uhjlrq zkhuh FU@31 Wkh fkduw vkrzv

wkh iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq1 Fr0rshudwlrq lv wljkwo| glvwulexwhg durxqg wkh

phdq ri 314<1 Wklv fdq eh frpsduhg wr �jxuh ;14 vkrzlqj wkh iuhtxhqf| ri fr0rshudwlrq iru

wkh hqwluh sdudphwhu vsdfh dqg �jxuh ;144 zklfk vkrzv wkh iuhtxhqf| ri frrshudwlrq zlwklq

wkh uhjlrq PW@31
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Iljxuh ;149= D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj plqlpxp fr0rshudwlrq1
Uxq +d, uhvxowhg lq pxwxdo fr0rshudwlyh lqwhudfwlrqv dw :(1 Frpsduh wklv zlwk judskv
+e,/ +f,/ dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo
svhxgr0udqgrp qxpehu vhhgv1 Dv fdq eh vhhq doo uxqv duh �dw vdyh iru udqgrp shuwxuedwlrqv1
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;141715 Prgdo Fr0rshudwlyh Uxqv iru FU@3

Iljxuh ;14:+d, vkrzv d vlqjoh uxq iurp wkh PW@3 uhjlrq zklfk uhvxowhg lq 53(

pxwxdoo| fr0rshudwlyh lqwhudfwlrqv1 Iljxuhv ;14:+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv

zlwk lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Hdfk uxq

surgxfhv prghudwh fr0rshudwlrq ohyhov1 Hdfk ri wkh wkuhh uhsolfdwlrqv hqgv zlwk pxwxdo

fr0rshudwlyh lqwhudfwlrqv ehwzhhq dssur{lpdwho| 53( dqg 58( ri doo jdph lqwhudfwlrqv1

;141716 Pd{lpxp Fr0rshudwlyh Uxqv iru FU@3

Iljxuh ;14;+d, vkrzv d vlqjoh uxq iurp wkh FU@3 uhjlrq zklfk uhvxowhg lq wkh

kljkhvw ohyhov ri pxwxdoo| fr0rshudwlyh lqwhudfwlrqv1 Wklv lv orz frpsduhg wr wkh ohyhov

irxqg zlwklq rwkhu uhjlrqv1 Iljxuhv ;14;+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv zlwk

lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Wkh uxqv

surgxfh fr0rshudwlrq ohyhov ehwzhhq dssur{lpdwho| 68( dqg 58(1

H���D O�}� �L�LTih@|�L? `�i? B@4i W?|ih@U|�L? w�4�|i_ |L @ 5�?}*i

Aihh�|Lh)

Zkhq YJ@3 djhqw jdph lqwhudfwlrq lv vwulfwo| olplwhg wr d vlqjoh whuulwru|1 Wklv

suhfoxghv djhqw jdph lqwhudfwlrq rxwvlgh ri wkh whuulwru|1 Djhqwv duh lqlwldoo| glvwulexwhg

udqgrpo| +iurp dq xqlirup glvwulexwlrq, ryhu doo whuulwrulhv1 Vrph whuulwrulhv pd| frqwdlq

qr djhqwv rwkhuv pd| frqwdlq vhyhudo1 Xqghu wkh frqvwudlqw YJ@3 djhqwv zklfk duh wkh

vroh rffxsdqwv ri d whuulwru| qhyhu jhw d jdph lqwhudfwlrq zkloh wkh| uhpdlq lq wkh whuulwru|1

Krzhyhu/ li djhqwv vxevhtxhqwo| pryh lqwr dq rffxslhg whuulwru| wkh| fdq uhvxph qrupdo

jdph lqwhudfwlrq1 Djhqwv lqwhudfwlqj zlwklq wkhlu rzq whuulwru| olplw wkhlu lqwhudfwlrq sduw0

qhuv vxevwdqwldoo|1 Lw zrxog dsshdu wkdw vxfk d vlwxdwlrq zrxog uhgxfh wkh vsdfh lq zklfk
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Iljxuh ;14:= D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj prgdo fr0rshudwlrq1
Uxq +d, uhvxowhg lq pxwxdo fr0rshuwlyh lqwhudfwlrqv dw 53(1 Frpsduh wklv zlwk judskv +e,/
+f,/ dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo
svhxgr0udqgrp qxpehu vhhgv1 Doo uxqv duh �dw vdyh iru udqgrp shuwxuedwlrqv1
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(d)

Iljxuh ;14;= D vhw ri uxqv iurp d srlqw lq uhjlrq FU@3 surgxflqj pd{lpxp fr0rshudwlrq1
Uxq +d, uhvxowhg lq pxwxdo fr0rshuwlyh lqwhudfwlrqv dw 68(1 Frpsduh wklv zlwk judskv +e,/
+f,/ dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo
svhxgr0udqgrp qxpehu vhhgv1 Doo uxqv duh �dw vdyh iru udqgrp shuwxuedwlrqv1
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djhqwv pxwxdoo| vhdufk iru fr0ruglqdwhg dfwlrq1 Djhqw pryhphqw lv jryhuqhg e| wkh IP

sdudphwhu1 Lq uhjlrq 4f, ri �jxuh ;143 lw lv qrwdeoh wkdw IP lv orz exw qrw }hur1 Wklv

lqglfdwhv wkdw d vpdoo dprxqw ri pryhphqw grhv qrw ghvwur| wkh irupdwlrq ri fr0rshudwlyh

lqwhudfwlrqv1 Uhjlrq 4g, vkrzv wkdw iru kljkhu ohyhov ri djhqw pryhphqw IPA314 vxevwdq0

wldoo| orzhu ohyhov ri kljk fr0rshudwlrq duh irxqg1 Wkh uhjlrq dovr vshfl�hv wkdw fxowxudo

lqwhudfwlrq vkrxog eh dw ohdvw IFA3141 Wklv dsshduv wr lqglfdwh wkdw kljkhu pryhphqw fdq

eh frxqwhuhg e| kljkhu ohyhov ri fxowxudo lqwhudfwlrq1 Iljxuh ;14< vkrzv wkh iuhtxhqflhv ri

fr0rshudwlrq zlwklq uhjlrq 4f,1 Qrwlfh wkdw d elprgdo glvwulexwlrq lv vkrzq/ lqglfdwlqj wkdw

dowkrxjk kljk fr0rshudwlrq lv suhydohqw zlwklq wklv uhjlrq wkhuh duh vwloo pdq| srlqwv zlwk

orzhu ohyhov ri fr0rshudwlrq1 Iljxuhv ;153/ ;154 dqg ;155 vkrz wkh g|qdplfv ri vrph w|slfdo

lqglylgxdo uxqv zlwklq wkh uhjlrq 4f, iurp �jxuh ;143 +YJ@3/ FUA3/ PWA3/ IP ?@ 314,1

Lq rughu wr looxvwudwh wkh g|qdplfv ri lqglylgxdo uxqv ryhu wkh glvwulexwlrq vkrzq lq �jxuh

;14</ lqglylgxdo uxqv surgxflqj plqlpxp/ pd{lpxp dqg prgdo ohyhov ri fr0rshudwlrq +iru

wklv uhjlrq, zhuh h{dplqhg1 Lq hdfk fdvh d vlqjoh uxq zdv vhohfwhg iurp vdpsoh 4 dqg wkhq d

vhw ri wkuhh uhsolfdwlrqv zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv zdv shuiruphg1

;141814 Plqlpxp Fr0rshudwlyh Uxqv iru YJ@3

Iljxuh ;153+d, vkrzv d vlqjoh uxq iurp wkh uhjlrq YJ@3/ FUA3/ PWA3/ IP?@

3141 Wklv uxq uhvxowhg lq wkh orzhvw sursruwlrq ri fr0rshudwlyh lqwhudfwlrqv irxqg lq wkh

uhjlrq1 Iljxuhv ;153+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv

exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Gl�huhqw vhhgv surgxfh gl�huhqw

g|qdplfv1 Wzr uxqv surgxfh orz fr0rshudwlrq ohyhov +durxqg 43( ru ehorz, wkh rwkhu wzr

surgxfh kljk fr0rshudwlrq ohyhov +88( dqg <3(,1 Wklv lqglfdwhv d ghjuhh ri vhqvlwlylw| wr

udqgrp lqlwldo frqglwlrqv dqg rqjrlqj vwrfkdvwlf hyhqwv zklfk pd| sxvk wkh hyroxwlrq ri
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Proportion of CC in last cycle
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Mean = .62

N = 150.00

Iljxuh ;14<= Iuhtxhqf| ri fr0rshudwlrq zlwklq wkh uhjlrq 4f +YJ@3/ FUA3/ PWA3/
IP?@314,1 Wkh fkduw vkrzv wkh iuhtxhqf| glvwulexwlrq ri fr0rshudwlrq1 Fr0rshudwlrq
lv glvwulexwhg durxqg wzr shdnv dw dssur{lpdwho| 3163 dqg 41331 Wkh glvwulexwlrq dsshduv
elprgdo1 Wklv fdq eh frpsduhg wr �jxuh ;14 vkrzlqj wkh iuhtxhqf| ri fr0rshudwlrq iru wkh
hqwluh sdudphwhu vsdfh1
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wkh v|vwhp wrzdugv orz ru kljk ohyhov ri fr0rshudwlrq1 Wklv lqglfdwhv wkdw dw ohdvw vrph ri

wkh orz ohyhov ri fr0rshudwlrq irxqg zlwklq wklv uhjlrq pd| kdyh surgxfhg kljk ohyhov ri

fr0rshudwlrq zlwk gl�huhqw udqgrp qxpehu vhhgv1

;141815 Prgdo Fr0rshudwlyh Uxqv iru YJ@3

Iljxuh ;154 vkrzv d vhw ri uxqv iurp d vlqjoh srlqw lq wkh uhjlrq YJ@3/ FUA3/

PWA3/ IP?@ 3141 Wkh ruljlqdo uxq +d, uhvxowhg lq fr0rshudwlyh lqwhudfwlrqv ri dssur{l0

pdwho| 63(1 Wklv uxq zdv vhohfwhg iurp wkh orzhvw prgh ri wkh elprgdo glvwulexwlrq vkrzq

lq �jxuh ;14<1 Wkh odujhu prgh ydoxh lv wkh vdph dv wkh pd{lpxp ydoxh +vhh ehorz,1 Iljxuhv

;154+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv wr +d, exw zlwk

gl�huhqw lqlwldo svhgxr0udqgrp qxpehu vhhgv1 Gl�huhqw vhhgv surgxfh vlplodu g|qdplfv dqg

fr0rshudwlyh lqwhudfwlrq ohyhov +ehwzhhq 63( dqg 68(,1 Wkh uhvxowv iurp wklv fdvh lqglfdwh

uhodwlyh vwdelolw| djdlqvw wkh vwrfkdvwlf qdwxuh ri wkh prgho1

;141816 Pd{lpxp Fr0rshudwlyh Uxqv iru YJ@3

Iljxuh ;155 vkrzv d vhw ri uxqv iurp d vlqjoh srlqw lq wkh uhjlrq YJ@3/ FUA3/

PWA3/ IP?@3141 Wkh ruljlqdo uxq +d, uhvxowhg lq fr0rshudwlyh lqwhudfwlrqv ri 433(1 Wklv

uxq zdv vhohfwhg iurp wkh pd{lpxp ri wkrvh zlwklq wkh uhjlrq1 Iljxuhv ;155+e,/ +f, dqg

+g, vkrz wkuhh dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv wr +d, exw zlwk gl�huhqw lqlwldo

svhxgr0udqgrp qxpehu vhhgv1 Gl�huhqw vhhgv surgxfh vlplodu g|qdplfv dqg fr0rshudwlyh

lqwhudfwlrq ohyhov uhdfk 433( lq hdfk fdvh1 Uhvxowv iurp wklv fdvh lqglfdwh uhodwlyh vwdelolw|

djdlqvw wkh vwrfkdvwlf qdwxuh ri wkh prgho1
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(d)

Iljxuh ;153= D vhw ri uxqv iurp d srlqw lq uhjlrq 4f +PWA3/ FUA3/ YJ@3/ IP?@3143,
surgxflqj plqlpxp fr0rshudwlrq1 Uxq +d, uhvxowv lq pxwxdo fr0rshudwlyh lqwhudfwlrqv ri ohvv
wkdq 43(1 Frpsduh wklv zlwk +e,/ +f, dqg +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh vdph
sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Lq +e, dqg +g, d pruh kljko|
fr0rshudwlyh wudmhfwru| lv iroorzhg1 Lq +g, wkh uxq iroorzv d kljk fr0rshudwlyh wudmhfwru|1
Qrwdeoh khuh lv dq lqlwldo skdvh +xs wr derxw f|foh 78, zlwk rvfloodwlrqv ri fr0rshudwlrq
ehwzhhq derxw 63( dqg 93( wkhq wkh lqfuhdvh lq fr0rshudwlrq rvfloodwlqj ehwzhhq derxw
;3( dqg <3(1
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(d)

Iljxuh ;154= D vhw ri uxqv iurp d srlqw lq uhjlrq 4f +PWA3/ FUA3/ YJ@3/ SPA316/
IP?@314, surgxflqj prgdo fr0rshudwlrq1 Uxq +d, uhvxowv lq pxwxdo fr0rshudwlyh lqwhudf0
wlrqv ri derxw 63(1 Frpsduh wklv zlwk +e,/ +f,/ +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh
vdph sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Dv fdq eh vhhq/ wkh
g|qdplfv dqg fr0rshudwlyh ohyho duh uhodwlyho| vwdeoh1
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(d)

Iljxuh ;155= D vhw ri uxqv iurp d srlqw lq uhjlrq 4f +PWA3/ FUA3/ YJ@3/ SPA316/
IP?@314, surgxflqj pd{lpxp fr0rshudwlrq1 Uxq +d, uhvxowv lq pxwxdo fr0rshudwlyh lq0
whudfwlrqv ri 433(1 Frpsduh wklv zlwk +e,/ +f,/ +g, zklfk vkrz dowhuqdwlyh uxqv zlwk wkh
vdph sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Dv fdq eh vhhq/ wkh
g|qdplfv dqg fr0rshudwlyh ohyho duh uhodwlyho| vwdeoh1
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Zkhq YJA3/ jdph lqwhudfwlrq lv qrw olplwhg wr d vlqjoh whuulwru|1 Uhjlrq 4h, iurp

�jxuh ;143 vkrzv wkdw xqghu wklv frqglwlrq kljk fr0rshudwlrq rffxuv zkhq wkh sursruwlrq

ri fxowxudo lqwhudfwlrq lv kljk/ uhodwlyh wr wkh sursruwlrq ri jdph lqwhudfwlrq +IFA315/

IJ?@314,1 Wkh dprxqw ri phph sursdjdwlrq rffxuulqj gxulqj fxowxudo lqwhudfwlrqv lv kljk

zlwk SPA3161 Wklv lqglfdwhv wkdw d vlqjoh fxowxudo lqwhudfwlrq zloo lqyroyh wkh dwwhpswhg

sursdjdwlrq ri +rq dyhudjh, 63( ri wkh phphv khog e| wkh sursrvlqj djhqw1 Wkh kljkhu wkh

ydoxh ri SP wkh pruh sursdjdwlrq rffxuv lq hdfk fxowxudo lqwhudfwlrq1 Lw zrxog dsshdu wkdw

fxowxudo lqwhudfwlrq qhhgv wr eh kljk uhodwlyh wr jdph lqwhudfwlrq/ zkhq jdph lqwhudfwlrq lv

vsdwldoo| xqfrqvwudlqhg/ wr surgxfh kljk fr0rshudwlrq1 Dowkrxjk uhjlrq 4h, frqwdlqv wkh zhdn

frqvwudlqw PVA314 wklv lv qrw lqgxfhg lq uhjlrq 5h, iurp wkh vhfrqg lqghshqghqw vdpsoh

+vhh �jxuh ;143,1 Iljxuh ;156 vkrzv wkh iuhtxhqf| ri fr0rshudwlrq zlwklq wklv uhjlrq1 Iljxuhv

;157/ ;158 dqg ;159 vkrz wkh g|qdplfv ri vrph w|slfdo lqglylgxdo uxqv zlwklq wkh uhjlrq 4h,

ri �jxuh ;143 +PWA314/ FUA3/ YJA3/ SPA316/ IJ?@314/ IFA315/ PVA314,1 Lq rughu

wr looxvwudwh wkh g|qdplfv ri lqglylgxdo uxqv ryhu wkh glvwulexwlrq vkrzq lq �jxuh ;156/

srlqwv surgxflqj plqlpxp/ pd{lpxp dqg prgdo ohyhov ri fr0rshudwlrq iru wklv uhjlrq zhuh

h{dplqhg1 Lq hdfk fdvh d vlqjoh uxq zdv vhohfwhg iurp vdpsoh 4 dqg wkhq d vhw ri uhsolfdwlrqv

zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv zdv shuiruphg1

;141914 Plqlpxp Fr0rshudwlyh Uxqv iru Fxowxudo Lqwhudfwlrq Kljk/ Jdph Lq0

whudfwlrq Orz

Iljxuh ;157+d, vkrzv d vlqjoh uxq iurp wkh uhjlrq zklfk uhvxowhg lq wkh orzhvw sur0

sruwlrq ri fr0rshudwlyh lqwhudfwlrqv1 Iljxuhv ;157+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv
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Proportion of CC in last cycle
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Std. Dev = .19  

Mean = .35

N = 256.00

Iljxuh ;156= Iuhtxhqf| ri fr0rshudwlrq zlwklq wkh uhjlrq PWA314/ FUA3/ YJA3/ SPA316/

IJ?@314/ IFA315/ PVA3141 Fr0rshudwlrq lv glvwulexwhg durxqg d phdq ri 3168 zlwklq wklv

uhjlrq1 Wklv fdq eh frpsduhg wr �jxuh ;14 vkrzlqj wkh iuhtxhqf| ri fr0rshudwlrq iru wkh

hqwluh sdudphwhu vsdfh1 Qrwlfh wkdw wkh glvwulexwlrq lv vnhzhg wrzdug kljkhu fr0rshudwlyh

ydoxhv1
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zlwk lghqwlfdo sdudphwhuv exw zlwk gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Gl�huhqw

vhhgv surgxfh gl�huhqw g|qdplfv1 Wzr uxqv surgxfh orz fr0rshudwlrq ohyhov +durxqg 4( ru

ehorz, wkh rwkhu wzr surgxfh kljk fr0rshudwlrq ohyhov +dssur{lpdwho| 68( dqg ;8(,1 Wklv

lqglfdwhv d ghjuhh ri vhqvlwlylw| wr udqgrp lqlwldo frqglwlrqv dqg rqjrlqj vwrfkdvwlf hyhqwv

zklfk pd| sxvk wkh hyroxwlrq ri wkh v|vwhp wrzdugv orz ru kljk ohyhov ri fr0rshudwlrq1

;141915 Prgdo Fr0rshudwlyh Uxqv iru Fxowxudo Lqwhudfwlrq Kljk/ Jdph Lqwhu0

dfwlrq Orz

Iljxuh ;158+d, vkrzv d vlqjoh uxq iurp wkh uhjlrq zklfk uhvxowhg lq d prgdo sursru0

wlrq ri fr0rshudwlyh lqwhudfwlrqv +fdofxodwhg lq wkh uhjlrq, ri dssur{lpdwho| 58(1 Iljxuhv

;158+e,/ +f, dqg +g, vkrz wkuhh dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv wr +d, exw zlwk

gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1 Gl�huhqw vhhgv surgxfh vlplodu g|qdplfv

dqg fr0rshudwlyh lqwhudfwlrq ohyhov +ehwzhhq 58( dqg 78(,1 Djdlq/ wkh uhvxowv iurp wklv

fdvh lqglfdwh uhodwlyh vwdelolw| djdlqvw wkh vwrfkdvwlf qdwxuh ri wkh prgho hyhq wkrxjk wkh

fr0rshudwlrq ohyho rvfloodwhv ryhu d odujh udqjh1

;141916 Pd{lpxp Fr0rshudwlyh Uxqv iru Fxowxudo Lqwhudfwlrq Kljk/ Jdph Lq0

whudfwlrq Orz

Iljxuh ;159+d, vkrzv d vlqjoh uxq iurp wkh uhjlrq zklfk uhvxowhg lq d kljk sursru0

wlrq ri fr0rshudwlyh lqwhudfwlrqv +fdofxodwhg lq wkh uhjlrq, ri 433(1 Iljxuhv ;159+e,/ +f, dqg

+g, vkrz wkuhh dgglwlrqdo uxqv zlwk lghqwlfdo sdudphwhuv wr +d, exw zlwk gl�huhqw udqgrp

qxpehu vhhgv1 Gl�huhqw vhhgv surgxfh vlplodu g|qdplfv dqg doo uhvxow lq 433( fr0rshudwlrq

e| wkh hqg ri wkh uxq1 Wkh uhvxowv iurp wklv fdvh lqglfdwh d kljk ghjuhh ri vwdelolw| djdlqvw

wkh vwrfkdvwlflwlhv ri wkh prgho1
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(d)

Iljxuh ;157= D vhw ri uxqv iurp d srlqw lq uhjlrq 4h +PWA314/ FUA3/ YJA3/ SPA316/
IJ?@314/ IFA315/ PVA314, surgxflqj plqlpxp fr0rshudwlrq1 Uxq +d, uhvxowv lq pxwxdo
fr0rshudwlyh lqwhudfwlrqv ri ohvv wkdq 4(1 Frpsduh wklv zlwk +e,/ +f, dqg +g, zklfk vkrz
dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1
Lq +e, dqg +g, d pruh kljko| fr0rshudwlyh wudmhfwru| lv iroorzhg
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(d)

Iljxuh ;158= D vhw ri uxqv iurp d srlqw lq uhjlrq 4h + PWA314/ FUA3/ YJA3/ SPA316/
IJ?@314/ IFA315/ PVA314, surgxflqj prgdo fr0rshudwlrq1 Uxq +d, uhvxowv lq pxwxdo
fr0rshudwlyh lqwhudfwlrqv ri ohvv wkdq 58(1 Frpsduh wklv zlwk +e,/ +f, dqg +g, zklfk vkrz
dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1
Wkh g|qdplfv duh vlplodu1 Fr0rshudwlrq ohyho rvfloodwhv ehwzhhq derxw 48( dqg 78( lq doo
ri wkh uxqv1
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(d)

Iljxuh ;159= D vhw ri uxqv iurp d srlqw lq uhjlrq 4h + PWA314/ FUA3/ YJA3/ SPA316/
IJ?@314/ IFA315/ PVA314, surgxflqj pd{lpxp fr0rshudwlrq1 Uxq +d, txlfno| uhvxowv lq
pxwxdo fr0rshudwlyh lqwhudfwlrqv ri 433(1 Frpsduh wklv zlwk +e,/ +f, dqg +g, zklfk vkrz
dowhuqdwlyh uxqv zlwk wkh vdph sdudphwhuv exw gl�huhqw lqlwldo svhxgr0udqgrp qxpehu vhhgv1
Wkh g|qdplfv duh vlplodu1 Wkhuh lv d shulrg ri rvfloodwlrq ehiruh orfn0lq ri fr0rshudwlrq1
Dovr wkh odeho hqwurs| +OH, phdvxuh idoov zkhq fr0rshudwlrq uhdfkhv d kljk ohyho1 Iru hdfk
uxq/ 433( fr0rshudwlrq lv surgxfhg e| wkh hqg ri wkh uxq1
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Wkh iroorzlqj lv d vxppdu| ri wkh uhvxowv iurp wkh lqglylgxdo uxqv wdnhq iurp

zlwklq wkh lqgxfhg uhjlrqv jlyhq lq �jxuh ;143=

� Fr0rshudwlrq lv orz zkhq wkhuh lv qr %fxowxudo lqqrydwlrq% +PW@3,1 Zlwkrxw fxowxudo

lqqrydwlrq lq wkh irup ri phph pxwdwlrq djhqwv fdqqrw dgdsw dqg fr0ruglqdwh wkhlu

jdph lqwhudfwlrqv1

� Fr0rshudwlrq lv orz zkhq wkhuh lv qr %fxowxudo lqwhudfwlrq% +FU@3,1 Djdlq/ zlwkrxw

fxowxudo lqwhudfwlrq djhqwv fdqqrw dgdsw1 Dovr zkhq FU@3/ pxwdwlrq zloo dovr eh orz

+zkdwhyhu wkh ydoxh ri PW,1

� Fr0rshudwlrq lv kljk zkhq djhqwv jdph lqwhudfw zlwk rwkhuv lq wkh vdph whuulwru|

+YJ@3,1 Djhqwv kdyh rqo| d vpdoo vhw ri jdph lqwhudfwlrq sduwqhuv1 Wklv pdnhv wkh

vhdufk vsdfh iru fr0ruglqdwhg jdph lqwhudfwlrqv vpdoohu dqg vr lw lv pruh olnho| wkdw

djhqwv zloo �qg d fr0rshudwlyh frqyhqwlrq zlwk wkhlu vpdoo qxpehu ri sduwqhuv1

� Fr0rshudwlrq lv kljk zkhq wkh sursruwlrq ri fxowxudo lqwhudfwlrq wr jdph lqwhudfwlrq

lv kljk +SPA316/ IJ?@314/ IFA315,1 Xqghu wkhvh frqvwudlqwv wkh dprxqw ri fxowxudo

lqwhudfwlrq zklfk wdnhv sodfh +phdvxuhg lq dwwhpswhg lqglylgxdo phph sursdjdwlrqv

e| djhqwv, lv dw ohdvw rqh rughu ri pdjqlwxgh kljkhu wkdq wkh qxpehu ri jdphv sod|hg1

D kljk dprxqw ri fxowxudo lqwhudfwlrq ehwzhhq jdphv jlyhv wkh djhqwv pruh vfrsh wr

dgdsw dqg khqfh fr0ruglqdwh wkhlu jdph lqwhudfwlrqv1

Wkh uhvxowv khuh pd| eh uhdvrqdeo| h{whqghg wr uxqv zlwk orqjhu qxpehuv ri

f|fohv1 Zkhq PW dqg FU duh dw }hur orqjhu uxqv zrxog qrw surgxfh pruh fr0rshudwlrq

vlqfh lq erwk wkhvh fdvhv djhqwv gr qrw dgdsw wkhlu phphv dqg wkhuhiruh zloo qrw fkdqjh
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wkhlu ehkdylrxu1 Dovr/ lq wkh kljk fr0rshudwlrq fdvhv/ vlqfh doo djhqwv duh vdwlv�hg zkhq doo

lqwhudfwlrqv duh fr0rshudwlyh/ pd{lpxp fr0rshudwlrq zloo whqg wr %orfn0lq% dqg vwd| dw wkdw

pd{lpxp shupdqhqwo|�1 Wklv %orfn0lq% skhqrphqd fdq eh vhhq lq �jxuhv ;155 dqg ;1591

Krzhyhu/ iru pdq| kljk fr0rshudwlrq srlqwv zlwklq wkhvh uhjlrqv/ pd{lpxp fr0rshudwlrq lv

qrw uhdfkhg dqg vr orqjhu uxqv frxog surgxfh gl�huhqw uhvxowv1

H�2 wLU@|�?} �L�LTih@|��i +i}�L?t Nt�?} O�**��*�4M�?} @?_

�*�t|ih �?@*)t�t

Lq rughu wr orfdwh uhjlrqv ri kljkhvw fr0rshudwlrq/ lq wkh VwhuhrOde sdudphwhu

vsdfh/ d vlpsoh irup ri kloo0folpelqj zdv xvhg +vhh vhfwlrq :15 lq fkdswhu :, wr �qg srlqwv lq

wkh sdudphwhu vsdfh surgxflqj ixoo +433(, fr0rshudwlrq ryhu wkh odvw f|foh ri d vlpxodwlrq

uxq1 Wklv phdqv wkdw doo jdph lqwhudfwlrqv zhuh pxwxdoo| fr0rshudwlyh ryhu wkh odvw f|foh1

Wkh kloo0folpelqj lqyroyhg d udqgrp vwduw srlqw iroorzhg e| vxffhvvlyh +vlqjoh xqlw,

udqgrp pryhphqwv wr dgmdfhqw srlqwv +lqfoxglqj gldjrqdoo| dgmdfhqw srlqwv, zlwklq wkh

sdudphwhu vsdfh1 Frqvhtxhqwo|/ pryhphqw lqyroyhg lqfuhdvlqj ru ghfuhdvlqj hdfk sdudphwhu

ydoxh e| d vlqjoh xqlw +ru ohdylqj wkh ydoxh wkh vdph,1 Wkh vshfl�f dfwlrq zdv vhohfwhg

udqgrpo|1 Li d pryhphqw lqfuhdvhg wkh ohyho ri fr0rshudwlrq wkhq wkh qhz srvlwlrq zdv

dffhswhg rwkhuzlvh lw zdv uhwudfwhg1 Folpelqj frqwlqxhg xqwlo hlwkhu d joredo pd{lpxp

zdv irxqg +hyhu| jdph sod|hg ryhu wkh odvw f|foh zdv pxwxdoo| fr0rshudwlyh, ru xqwlo d

frpsxwdwlrqdo olplw kdg ehhq uhdfkhg +vshfl�hg dv d qxpehu ri vlpxodwlrq uxqv,1

Lq hdfk ri wkh iroorzlqj fdvhv/ 533 kloo0folpehuv zhuh h{hfxwhg iru 433 vwhsv/ khqfh

53/333 vlpxodwlrq uxqv zhuh h{hfxwhg lq doo +dq lghqwlfdo dprxqw ri frpsxwdwlrqdo h�ruw

�wLU!��? ��** L?*) LUU�h �u @** }@4i �?|ih@U|�L?t UL?|�?�i *L?} i?L�}� |L T�t� @** 4i4i UL?�_i?Ui �@*�it

|L |�i 4@ �4�4� B��i? |��tc @}i?|t ��** ?L| 4�|@|i Lh |@!i L? ?i� 4i4it� �}i?| 4L�i4i?| UL�*_ U�@?}i

t�U� @ UL�LTih@|��i i^��*�Mh��4 t�?Ui 4L�i4i?| �? |��t 4L_i* �t ?L| *�?!i_ |L @}i?| t@|�tu@U|�L?� W| �t ?L|
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wr wkdw xvhg lq wkh suhylrxv udqgrp vdpsohv,1 Gxsolfdwh dqg vxe0rswlpdo srlqwv +l1h1

wkrvh zklfk glg qrw surgxfh ixoo fr0rshudwlrq ryhu wkh odvw f|foh, zhuh uhpryhg iurp wkh

vdpsohv1 Wkh srlqwv zhuh qrupdolvhg lqwr wkh udqjh ^3114` rq hdfk glphqvlrq e| glylglqj

e| wkh ixoo udqjh ri hdfk sdudphwhu +vkrzq lq wdeoh 914 lq fkdswhu 9,1 Wkh srlqwv zhuh

wkhq dqdo|vhg xvlqj n0phdqv foxvwhu dqdo|vlv1 Lq rughu wr xvh n0phdqv foxvwhu dqdo|vlv wkh

qxpehu ri uhtxluhg foxvwhuv pxvw eh vshfl�hg d sulrul1 Wkh qxpehu ri foxvwhuv xvhg lq

wkh �qdo dqdo|vlv zdv ghwhuplqhg e| h{hfxwlqj n0phdqv zlwk foxvwhu qxpehuv iurp 5 wr

43 dqg lqvshfwlqj wkh uhgxfwlrq surgxfhg lq wkh remhfwlyh ixqfwlrq +vxp ri wkh vtxduhg

glvwdqfhv ri hdfk srlqw iurp lwv foxvwhu fhqwurlg,1 Hdfk n0phdq uxq zdv uhsurgxfhg 6 wlphv

zlwk gl�huhqw lqlwldo udqgrp vwduwlqj fhqwurlgv1 Lq hdfk fdvh wkh ehvw +l1h1 orzhvw remhfwlyh

ixqfwlrq ydoxh, uhvxow zdv fkrvhq1

Wkh n0phdqv foxvwhulqj phwkrg zdv fkrvhq ryhu d klhdudfklfdo phwkrg ri foxvwhulqj

vlqfh lw doorzv iru dqdo|vlv ri wkh remhfwlyh ixqfwlrq uhodwlyh wr wkh qxpehu ri foxvwhuv/ wkxv

hqdeolqj dq lqiruphg fkrlfh wr eh pdgh iru wkh qxpehu ri foxvwhuv �qdoo| vhohfwhg iru

dqdo|vlv1

Wkh kloo0folpelqj dqg foxvwhulqj whfkqltxh zdv dssolhg wr wkh vdph sdudphwhu

vsdfh xvhg lq vhfwlrq ;14 zlwk wkh F718 dojrulwkp dqg wr dq h{whqghg sdudphwhu vsdfh +vhh

vhfwlrq ;1516 ehorz, zklfk lghqwl�hg dqrwkhu fr0rshudwlyh uhjlrq zlwk qryho jurxs irupdwlrq

surfhvvhv ohdglqj wr fr0rshudwlrq1

H�2�� �*�t|ih�?} |�i �L�?|t

Wkh kloo0folpelqj surgxfhg 448 srlqwv surgxflqj pd{lpxp fr0rshudwlrq1 Lq rughu

wr ghwhuplqh wkh h�hfwlyhqhvv ri gl�huhqw qxpehuv ri foxvwhuv iru wkh n0phdqv dqdo|vlv

vhyhudo ydoxhv zhuh frpsduhg1 Iljxuh ;15: vkrzv wkh �qdo ydoxh ri wkh remhfwlyh ixqfwlrq
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Iljxuh ;15:= Ilqdo vxp ri vtxduhg glvwdqfhv ri hdfk srlqw iurp lwv foxvwhu fhqwurlg diwhu
n0phdqv foxvwhulqj iru ydulrxv qxpehuv ri foxvwhuv1 Hdfk srlqw uhsuhvhqwv wkh ehvw ri wkuhh
uxqv zlwk gl�huhqw lqlwldo udqgrp fhqwurlgv1 Wkh vdpsoh frpsulvhv 448 srlqwv1

iru 5 wr 43 foxvwhuv1 Lq hdfk fdvh wkh ehvw ri wkuhh uxqv zlwk gl�huhqw udqgrp vwduwlqj

fhqwurlgv zdv vhohfwhg1 Iurp h{dplqdwlrq ri wkhvh uhvxowv lw zdv ghflghg wr vhohfw 7 foxvwhuv

iru wkh dqdo|vlv1 Dv fdq eh vhhq lq �jxuh ;15: wkh judglhqw ri wkh olqh �dwwhqv voljkwo|/

lqglfdwlqj uhgxfhg uhwxuqv iru foxvwhu qxpehuv deryh 71 Dovr lw zdv frqvlghuhg ehqh�fldo

iru uhdvrqv ri frpsdulvrq zlwk wkh suhylrxv F718 dqdo|vlv wr nhhs wkh qxpehu ri foxvwhuv

orz1

Wdeoh ;15 vkrzv wkh ghwdlov ri hdfk ri wkh 7 foxvwhuv1 Lqwhuhvwlqjo|/ doo foxvwhuv kdyh

kljk PV ydoxhv lqglfdwlqj wkdw ryhudoo kljk PV surprwhv fr0rshudwlrq1 Zh fdq vhh wklv

zhdno| fdswxuhg e| F718 ryhu wkh udqgrp uxqv lq uhjlrqv 4e, dqg 4h, +vhh �jxuh ;143,1

Foxvwhuv 5/ 6 dqg 7 kdyh yhu| orz YJ dqg IP fhqwurlgv1 Iru foxvwhu 6 erwk YJ

dqg IP fhqwurlgv duh dw }hur phdqlqj wkdw doo phpehuv ri wkh foxvwhu kdyh d ydoxh ri }hur

iru wkhvh sdudphwhuv1 Wklv lv vlplodu wr uhjlrq 4f, lghqwl�hg e| F718 +vhh �jxuh ;143,1 Doo ri
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Foxvwhu Fhqwuhv dqg Vl}hv

foxvwhu 4 foxvwhu 5 foxvwhu 6 foxvwhu 7
vl}h 4; vl}h 59 vl}h 63 vl}h 74

sdudp dyh +vwgy, dyh +vwgy, dyh +vwgy, dyh +vwgy,
E 19< +159, 158 +158, 1:< +156, 1:7 +155,
P 176 +163, 168 +168, 194 +159, 157 +15:,
SP 19< +15:, 1:9 +156, 17: +165, 195 +157,

PW 13: +14<, 157 +159, 199 +163, 194 +159,
FL 16< +163, 197 +158, 174 +15;, 184 +15;,
FU 187 +156, 195 +157, 197 +154, 18; +163,
PV 1:< +159, 1:7 +158, 1:: +15:, 196 +159,
IJ 166 +158, 17; +15;, 1:7 +158, 183 +15<,
IF 1:4 +154, 184 +159, 17: +163, 19; +15<,
IP 18< +166, 148 +14;, 133 +133, 135 +13;,
EI 157 +155, 158 +155, 177 +159, 189 +15;,
EJ 17: +165, 199 +159, 175 +15<, 183 +164,

EF 189 +166, 17: +165, 14: +148, 196 +15:,
WJ 186 +166, 175 +158, 184 +163, 183 +15;,
WF 197 +166, 176 +15<, 199 +15<, 17; +15:,
YF 17: +166, 193 +165, 174 +15;, 179 +158,
YJ 17: +168, 13< +153, 133 +133, 134 +137,

Wdeoh ;15= Foxvwhu fhqwuhv dqg vl}hv iru irxu foxvwhuv lghqwl�hg e| wkh n0phdqv foxvwhulqj
phwkrg1

wkh 63 srlqwv wkdw frpsulvh wkh foxvwhu idoo zlwklq uhjlrq 4f,1 Wkh foxvwhu dqdo|vlv frq�upv

wklv uhjlrq dv rqh surgxflqj kljk fr0rshudwlrq1 H{dpsoh uxqv dqg dqdo|vlv iru wklv uhjlrq

duh suhvhqwhg lq vhfwlrq ;1418 deryh1 Foxvwhu 5 dqg 7 kdyh orz ydoxhv iru YJ dqg IP

zlwk wkh pdmrulw| ri srlqwv wkdw frpsulvh wkhvh foxvwhuv kdylqj }hur ydoxhv iru erwk wkhvh

sdudphwhuv1

Wkh fhqwurlg iru foxvwhu 4 kdv YJ dqg IP ydoxhv wkdw duh qhdu wkh phgldq ri wkh

udqjh1 IF dqg SP duh kljk uhodwlyh wr IJ/ lqglfdwlqj kljk ohyhov ri fxowxudo lqwhudfwlrq

uhodwlyh wr jdph lqwhudfwlrq1 Krzhyhu/ khuh zh vhh vrphwklqj gl�huhqw iurp wkh uhjlrqv

lqgxfhg e| F7181 Wklv foxvwhu gl�huv iurp uhjlrqv 4g, dqg 4h, vkrzq lq �jxuh ;143 ehfdxvh

wkh fhqwurlg iru PW lv orz1 Wkh pdmrulw| ri srlqwv zlwklq wkh foxvwhu kdyh dq PW ri }hur

dqg khqfh idoo zlwklq uhjlrq 5e, +vhh �jxuh ;143,1 Exw wklv suhylrxvo| lqgxfhg uhjlrq zdv
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lghqwl�hg dv d orz fr0rshudwlyh uhjlrq1 Lqwhuhvwlqjo| wkh srlqwv gr qrw idoo lqwr uhjlrq 4e,

zklfk h{foxghv srlqwv zlwk PV@4/ exw wklv frqvwudlqw zdv rqo| lqgxfhg e| F718 iru rqh

ri wkh udqgrp vdpsohv +vdpsoh 4,1 Krzhyhu/ vrph hylghqfh ri kljk fr0rshudwlrq rffxuulqj

zlwklq wkh uhjlrq PW@3 fdq eh vhhq lq �jxuh ;144 dqg �jxuh ;147 +vhh vhfwlrq ;1416,1 Wkh

uxqv vkrzq lq �jxuh ;147 uhsuhvhqw d srlqw wkdw idoov zlwklq foxvwhu 41 Lqvshfwlrq ri wkh

uxqv uhyhdov vrphwklqj glvwlqfwlyh ryhu doo suhylrxv lqglylgxdo uxqv1 Wkh odeho hqwurs| +OH,

phdvxuh +vhh vhfwlrq ;1416 dqg htxdwlrqv ;14 dqg ;15 deryh, idoov gudpdwlfdoo| ryhu wkh

frxuvh ri hdfk uxq1 Dv wkh OH phdvxuh idoov wkh dprxqw ri fr0rshudwlrq jlyhq e| wkh FF

phdvxuh whqgv wr ulvh1 Lw dsshduv wkhuhiruh wkdw vrph surfhvv lqyroylqj wkh vsuhdg ri wdjv

ehwzhhq djhqwv lv uhodwhg wr wkh vsuhdg ri fr0rshudwlrq1 Wkh foxvwhu 4 fhqwurlg vkrzv d orz

EI ydoxh lqglfdwlqj wkdw pdq| ri wkh elwv lq wkh odeho vwulqjv ri wkh djhqwv duh fkdqjhdeoh

yld fxowxudo lqwhudfwlrq +ihz duh �{hg,1 Dovr d pdujlqdoo| kljkhu ydoxh iru WJ ryhu wkh rwkhu

foxvwhu fhqwuhv lv vhhq1 Wklv vxjjhvwv vrph nlqg ri wdj edvhg jdph eldvlqj surfhvv pljkw eh

surgxflqj fr0rshudwlrq1 Krzhyhu/ wklv h{sodqdwlrq lv vshfxodwlyh1 Lq rughu wr h{soruh wkh

sursrvhg h{sodqdwlrq ixuwkhu wkh sdudphwhu vsdfh zdv h{whqghg dqg d qhz vhdufk pdgh

+vhh vhfwlrq ;1516 ehorz, zklfk irxqg wkdw d wdj edvhg surfhvv zdv lqghhg dvvrfldwhg zlwk

kljk fr0rshudwlrq1

H�2�2 5�44@h) Lu +it�*|t uhL4 O�**��*�4M�?} @?_ �*�t|ih�?}

Wkh iroorzlqj lv d vxppdu| ri wkh uhvxowv iurp wkh kloo0folpelqj dqg foxvwhu dqdo|vlv

ri wkh srlqwv irxqg +wdeoh ;15,=

� Fr0rshudwlrq lv kljk zkhq djhqwv rqo| jdph lqwhudfw zlwklq d vlqjoh whuulwru| +YJ@3,1

Wklv frq�upv zkdw zdv irxqg e| dssolfdwlrq ri wkh F718 dojrulwkp +vhh vhfwlrq ;141:,1

� Fr0rshudwlrq lv kljk zkhq fxowxudo lqwhudfwlrq lv kljk/ jdph lqwhudfwlrq lv orz dqg



484

pxwdwlrq lv }hur +PW@3,1 D foxvwhu lv irxqg zklfk surgxfhv kljk fr0rshudwlrq hyhq

wkrxjk pxwdwlrq lv pdlqo| }hur zlwklq wkdw foxvwhu1 Krzhyhu/ wkh qxpehu ri �{hg

elwv lq wkh wdj lv orz dqg eldvlqj ri jdph lqwhudfwlrq e| wdj lv pdujlqdoo| kljkhu wkdq

rwkhu foxvwhuv/ vxjjhvwlqj vrph nlqg ri wdj edvhg surfhvv surprwlqj fr0rshudwlrq1

Ixuwkhu vxssruw iru d wdj edvhg surfhvv lv lqglfdwhg e| dq lqglylgxdo uxq wkdw idoov

zlwklq wkh foxvwhu +vhh �jxuh ;147, zklfk vkrzv d odujh ghfuhdvh lq odeho hqwurs| +OH,

dv fr0rshudwlrq lqfuhdvhv1

H�2�� �*�t|ih�?} |�i �L�?|t �? @? , |i?_i_ �@h@4i|ih 5T@Ui

Lq d suhylrxv vhfwlrq +vhfwlrq ;1514 deryh, kloo0folpelqj dqg foxvwhu dqdo|vlv sur0

gxfhg d foxvwhu zklfk lghqwl�hg kljk fr0rshudwlrq zlwklq d uhjlrq zkhuh PW zdv orz +pdlqo|

}hur,1 Wklv lv dw rggv zlwk wkh uhjlrqv lqgxfhg e| F7181 Lqvshfwlrq ri dq lqglylgxdo uxq

dqg wkh foxvwhu fhqwurlg vxjjhvwhg wkdw wdj eldvlqj dqg kduprqlvdwlrq surfhvvhv pd| kdyh

sod|hg vrph surfhvv lq surgxflqj fr0rshudwlrq1 Wkh eldvlqj ri fxowxudo dqg jdph lqwhu0

dfwlrqv ryhu wdjv duh phgldwhg e| EJ/ EF/ WJ dqg WF sdudphwhuv1 Wkhvh sdudphwhuv

lqglfdwh wkh qxpehu ri uhixvdov ru %wu|v% dq djhqw jhwv ehiruh irufhg jdph +WJ, ru fxowxudo

+WF, lqwhudfwlrq zlwk dq djhqw zklfk grhv qrw kdyh d odeho vwulqj zlwk dw ohdvw d sursru0

wlrq ri EJ ru EF vkduhg odeho elwv1 Li vd|/ EJ@4 dqg WJ@43 wklv lqglfdwhv wkdw dq djhqw

zloo uhixvh jdph lqwhudfwlrq li wkh sduwqhu vhohfwhg grhv qrw vkduh doo wkh vdph odeho elwv1

Vlqfh WJ@43 wkh djhqw zloo eh doorzhg whq frqvhfxwlyh uhixvdov ehiruh d irufhg lqwhudfwlrq

rffxuv1 Wkh frqwulexwlrq ri odeho eldvlqj iru lqfuhdvlqj fr0rshudwlrq kdv ehhq glvfxvvhg dqg

ghprqvwudwhg lq zrun e| rwkhu dxwkruv ^476` dqg ^5<`1 Dovr wkh irupdwlrq ri jurxsv +edvhg

rq wdj vlplodulw|, dsshduv lqwxlwlyho| wr r�hu wkh srvvlelolw| ri d irup ri %jurxs vhohfwlrq%

+l1h1 jurxsv zklfk fr0rshudwh gr zhoo dqg vsuhdg wkdw fr0rshudwlyh ehkdylrxu wr rwkhuv,1
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Wr h{soruh wkh ydolglw| ri wklv lqwxlwlyh h{sodqdwlrq wkh sdudphwhu vsdfh zdv h{whqghg1

Wkh udqjh ri WJ dqg WF zdv h{whqghg iurp ^41143` wr ^411533`1 Vlqfh wkh qxpehu

ri djhqwv zlwklq wkh vrflhw| zdv ohiw vhw dw 434/ wklv lqglfdwhv wkdw zlwk kljk ydoxhv ri WJ

dqg WF/ wkhuh lv d kljk suredelolw| wkdw djhqwv fdq orfdwh d frpsdwleoh djhqw iru lqwhudfwlrq

li rqh h{lvwv dqg lv uhdfkdeoh vsdwldoo|1 Wkh eldvlqj surfhvv lv wkhuhiruh pxfk vwurqjhu1 Wkh

vsdfh zdv dovr txdqwlvhg pruh �qho|1 Lq wkh h{whqghg vsdfh wkh xqlw lqfuhphqw ri uhdo

ydoxhg sdudphwhuv zdv uhgxfhg iurp 314 wr 31341 Wklv ydvwo| lqfuhdvhv wkh vl}h ri wkh vsdfh

exw doorzv iru sdudphwhuv wr wdnh rq d juhdwhu udqjh ri ydoxhv1 Pxwdwlrq +PW, lq wkh

suhylrxv vsdfh frxog qrw idoo ehwzhhq 3 dqg 3141 Wklv grhv qrw doorz iru vrflhwlhv zkhuh

djhqwv kdyh orz exw qrq0}hur pxwdwlrq udwhv1 Lq wklv pruh �qho| txdqwlvhg h{whqghg vsdfh

wkh xqlw pryhphqw zklfk kloo0folpehuv pdnh lv vpdoohu e| d idfwru ri whq1 Wklv phdqv wkdw

pruh kloo0folpelqj vwhsv duh uhtxluhg +frpsduhg wr wkh suhylrxv vsdfh, wr fryhu wkh vdph

glvwdqfh1 Dv lq wkh suhylrxv kloo0folpelqj uxqv/ 433 kloo0folpehuv zhuh h{hfxwhg iru 533 vwhsv

+pdnlqj d wrwdo ri 53/333 lqglylgxdo vlpxodwlrq uxqv,1

Dv h{shfwhg wkh vsdfh zdv pruh gl�fxow wr vhdufk1 Diwhu gxsolfdwh dqg vxe0

pd{lpxp srlqwv zhuh uhpryhg/ 6< srlqwv zhuh irxqg wkdw surgxfhg pd{lpxp fr0rshudwlrq1

Dv ehiruh/ ydulrxv gl�huhqw qxpehuv ri foxvwhuv zhuh hydoxdwhg zlwk wkh n0phdqv phwkrg

+vhh �jxuh ;15;,1 Iurp h{dplqdwlrq ri wkhvh uhvxowv lw zdv ghflghg wr vhohfw 8 foxvwhuv iru wkh

dqdo|vlv1 Dv fdq eh vhhq lq �jxuh ;15;/ wkh judglhqw ri wkh olqh uhyhuvhv dqg wkhq �dwwhqv/

lqglfdwlqj uhgxfhg uhwxuqv iru foxvwhu qxpehuv deryh �yhe1 Lw lv glvfrqfhuwlqj wr qrwh wkdw

hyhq zlwk 6 lqghshqghqw n0phdq uxqv iru 9 foxvwhuv wkh uhvxow lv dfwxdoo| pdujlqdoo| zruvh

wkdq wkh ehvw irxqg iru 8 foxvwhuv1 Wklv lv d vwurqj uhplqghu wkdw wkh n0phdqv dojrulwkp lv

idu iurp h{kdxvwlyh ru rswlpdoD1
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Iljxuh ;15;= Ilqdo vxp ri vtxduhg glvwdqfhv ri hdfk srlqw iurp lwv foxvwhu fhqwurlg diwhu
n0phdqv foxvwhulqj iru ydulrxv qxpehuv ri foxvwhuv1 Hdfk srlqw uhsuhvhqwv wkh ehvw ri wkuhh
uxqv zlwk gl�huhqw lqlwldo udqgrp fhqwulrgv1 Wkh vdpsoh frpsulvhv 6< srlqwv1

Wdeoh ;16 vkrzv wkh foxvwhu ghwdlov rewdlqhg iurp foxvwhulqj wkh 6< srlqwv zlwk

pd{lpxp fr0rshudwlrq +irxqg yld kloo0folpelqj, iurp wkh h{whqghg sdudphwhu vsdfh lqwr

8 foxvwhuv xvlqj n0phdqv1 Wkh foxvwhuv fdq eh glylghg lqwr wzr eurdg fdwhjrulhv= foxvwhu

6 lq zklfk IP dqg YJ duh }hur lqglfdwlqj jdph lqwhudfwlrq olplwhg wr vlqjoh whuulwru| +dv

glvfxvvhg suhylrxvo| lq vhfwlrq ;141:, dqg foxvwhuv 4/ 5/ 7 dqg 8 zklfk kdyh kljk SP dqg

IF ydoxhv uhodwlyh wr IJ lqglfdwlqj kljk dprxqwv ri fxowxudo lqwhudfwlrq uhodwlyh wr jdph

lqwhudfwlrq1 Wkhvh odwwhu foxvwhuv dovr kdyh orz EI dqg kljk EJ dqg WJ ydoxhv1 Wkh kljk

EJ dqg WJ ydoxhv lqglfdwh kljk dprxqwv ri jdph eldvlqj edvhg rq d kljk ghjuhh ri wdj

vlplodulw|1 Hvvhqwldoo| jdph lqwhudfwlrq lv uhixvhg li djhqwv gr qrw vkduh doprvw lghqwlfdo

wdjv1 Wkh orz EI phdqv wkdw wkh pdmrulw| ri wkh wdjv duh ohduqhg dqg fkdqjhg fxowxudoo|

vlqfh wkh| duh qrw �{hg1 PW lv dovr orz +exw qrw }hur, dqg lqwhuhvwlqjo| P lv orz lqglfdwlqj

wkdw djhqwv kdyh d vpdoo phpru| dqg vwruh ihz vwhuhrw|shv1
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Foxvwhu Fhqwuhv dqg Vl}hv

foxvwhu 4 foxvwhu 5 foxvwhu 6 foxvwhu 7 foxvwhu 8
sdudp vl}h 45 vl}h 7 vl}h 7 vl}h 45 vl}h :

dyh +vwgy, dyh +vwgy, dyh +vwgy, dyh +vwgy, dyh +vwgy,
E 168 +15:, 139 +146, 1;; +147, 1:4 +15;, 1;9 +15;,
P 15; +159, 13< +14<, 183 +176, 13< +14<, 13< +13<,
SP 1:6 +155, 1:; +148, 198 +15<, 1;8 +14:, 1:4 +156,

PW 138 +136, 153 +147, 1;3 +134, 145 +13<, 138 +137,
FL 18< +15:, 165 +156, 157 +145, 166 +154, 187 +164,
FU 1:7 +149, 175 +154, 145 +139, 199 +15:, 193 +157,
PV 193 +157, 183 +158, 188 +146, 1:9 +154, 18< +159,
IJ 16< +156, 146 +134, 1;; +13<, 184 +157, 165 +163,
IF 1:6 +154, 1:3 +15<, 1:4 +15:, 199 +149, 19< +146,
IP 167 +164, 1:3 +156, 133 +133, 178 +15;, 1:4 +156,
EI 169 +14;, 14< +143, 184 +169, 15: +149, 16< +15<,
EJ 1;9 +144, 1;6 +14;, 15< +14<, 1;; +143, 175 +15;,

EF 173 +158, 186 +164, 193 +157, 197 +14;, 16: +164,
WJ 1:5 +154, 197 +15<, 1;6 +133, 195 +156, 15: +159,
WF 178 +168, 167 +167, 183 +177, 1:; +148, 167 +15<,
YF 19; +14;, 15< +147, 18< +16:, 176 +157, 164 +149,
YJ 198 +163, 16; +157, 133 +133, 178 +16<, 195 +167,

Wdeoh ;16= Foxvwhu fhqwuhv dqg vl}hv iru �yh foxvwhuv lghqwl�hg e| wkh n0phdqv foxvwhulqj
phwkrg lq wkh h{whqghg sdudphwhu vsdfh1

H�2�e 5�44@h) Lu +it�*|t uhL4 O�**��*�4M�?} @?_ �*�t|ih�?} �? |�i , �

|i?_i_ 5T@Ui

Wkh iroorzlqj lv d vxppdu| ri wkh uhvxowv iurp wkh kloo0folpelqj dqg foxvwhu dqdo|vlv

ri wkh srlqwv irxqg +wdeoh ;16,=

� Dv irxqg suhylrxvo|/ fr0rshudwlrq lv kljk zkhq djhqwv rqo| jdph lqwhudfw zlwklq d

vlqjoh whuulwru| +YJ@3,1

� Fr0rshudwlrq lv kljk zkhq EJ dqg WJ duh kljk dqg EI lv orz1 Wkhvh ydoxhv lqglfdwh

wkdw jdph lqwhudfwlrq lv kljko| eldvhg wrzdugv djhqwv vkdulqj wkh vdph wdjv zklfk duh

fxowxudoo| ohduqhg1
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Wkhvh odwwhu revhuydwlrqv vxjjhvw pruh vwurqjo| wkdw vrph irup ri wdj eldvlqj dqg

ohduqlqj lv surprwlqj kljk fr0rshudwlrq1 Krzhyhu/ lw lv vwloo xqfohdu iurp wkh uhvxowv krz

wklv phfkdqlvp pljkw rshudwh1 Lq wkh qh{w vhfwlrq dq h{sodqdwlrq +ru wkhru|, lv jlyhq1

H�2�D ��*|�h@* BhL�T 5i*iU|�L?q

Lw lv dujxhg wkdw d irup ri %fxowxudo jurxs vhohfwlrq% lv rshudwlqj lq wkh uxqv

lghqwl�hg lq foxvwhuv 4/ 5/ 7 dqg 8 +wdeoh ;16,1 Vxfk d surfhvv pljkw rshudwh lq wkh iroorzlqj

zd|=

� Djhqwv eldv jdph lqwhudfwlrq vwurqjo| wrzdugv wkrvh vkdulqj wkh vdph odeho elwv +wdjv,1

� Jdph lqwhudfwlrq wkhuhiruh wdnhv sodfh zlwklq %jdph lqwhudfwlrq jurxsv% edvhg rq wdj

vlplodulw|1

� Jurxsv zklfk vdwlvi| djhqwv +l1h1 surgxfh fr0rshudwlyh rxwfrphv lq jdph lqwhudfwlrqv,

fdxvh djhqwv zlwklq wkhp wr lqfuhdvh frq�ghqfh lq wkhlu phphv1 Wkh phphv lqfoxgh

wkh wdj elwv zklfk irup wkh lqwhudfwlrq jurxs dqg wkh fr0rshudwlyh ehkdylrxudo uxohv1

� Jurxsv zklfk gr qrw vdwlvi| djhqwv +e| gh�qlwlrq, frqwdlq glvvdwlv�hg djhqwv zkr

ghfuhdvh frq�ghqfh lq wkhlu phphv +uxohv dqg wdj elwv,1

� Fxowxudo lqwhudfwlrq ehwzhhq djhqwv zloo whqg wr vsuhdg wkrvh phphv zlwk kljk frq0

�ghqfh1

� Frqvhtxhqwo| djhqwv zlwklq orz fr0rshudwlrq %jdph lqwhudfwlrq jurxsv% zloo whqg wr

eh %uhfuxlwhg% lqwr kljk fr0rshudwlrq %jdph lqwhudfwlrq jurxsv% gxh wr wdnh0xs ri

wkrvh phphv +wdj elwv, zklfk lghqwli| wkrvh jurxsv1

� Dq djhqw fdq wkhuhiruh eh vhhq dv prylqj ehwzhhq lqwhudfwlrq jurxsv xqwlo vxvwdlqhg

vdwlvidfwlrq lv dwwdlqhg1
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� Orz fr0rshudwlrq jurxsv zloo whqg wr orvh djhqwv wr kljk fr0rshudwlrq jurxsv1

Wkh vxevwdqwlyh fodlp lq wkh deryh lv wkdw wdjv frpelqhg zlwk eldvlqj fuhdwh lq0

whudfwlrq erxqgdulhv durxqg jurxsv vkdulqj wkh vdph wdjv1 Li wkrvh wdjv fdq eh fkdqjhg e|

fxowxudo ohduqlqj iurp rwkhu djhqwv wkhq djhqwv fdq %pryh% ehwzhhq vxfk jurxsv1 Hvvhq0

wldoo| wkhq/ wdjv frpelqhg zlwk eldvlqj fuhdwh dq %devwudfw vsdfh% lq zklfk fr0rshudwlyh

%jkhwwrv% fdq irup1 Wkh surfhvv lv wkhuhiruh dqdorjrxv wr fr0rshudwlrq surgxfhg iurp

wkh olplwdwlrq ri jdph lqwhudfwlrq wr d vlqjoh vsdwldo whuulwru|1 Lq erwk fdvhv d phwkrg ri

glvwlqjxlvklqj lq0jurxs phpehuv iurp rxw0jurxs phpehuv doorzv iru fr0rshudwlyh qlfkhv wr

hphujh e| wkh eldvlqj ri jdph lqwhudfwlrqv wrzdugv lq0jurxs phpehuv1

Erwk wkh vsdwldo dqg wdj edvhg olplwdwlrq ri jdph lqwhudfwlrq pd| eh ylhzhg

dv phfkdqlvpv idflolwdwlqj %sdurfkldolvp%/ doorzlqj djhqwv wr ghyhors fr0rshudwlrq zlwklq

h{foxvlyh lq0jurxsv1 Vpdoohu jdph lqwhudfwlrq jurxsv uhgxfh wkh pxwxdo vsdfh ri vwudwhjlhv

wkh djhqwv qhhg wr vhdufk wr �qg pd{lpxp fr0rshudwlrq dqg khqfh %orfn0lq% ri wkdw fr0

rshudwlrq1

Wkhuh duh wzr pdmru gl�huhqfhv ehwzhhq vsdwldo dqg wdj edvhg %sdurfkldolvp%1

Vsdwldo orfdolvdwlrq fdqqrw rshudwh xqohvv wkh vsdwldo pryhphqw ri djhqwv lv yhu| orz1 Lq

wkh VwhuhrOde/ pryhphqw lv qrw uhodwhg wr vdwlvidfwlrq ohyho exw lv udqgrp1 Wdj orfdolvdwlrq

doorzv djhqwv wr %pryh% lq wdj vsdfh e| fxowxudoo| lqwhudfwlqj dqg uhfhlylqj phphv +wdjv,

iurp rwkhu djhqwv ru e| pxwdwlrq1 Wkh wrsrorj| ri wkh wdj vsdfh krzhyhu lv qrw rqh

glphqvlrqdo exw udwkhu d E0glphqvlrqdo k|shufxeh +zkhuh E lv wkh qxpehu ri elqdu| wdj

elwv,1 Wklv odwwhu srlqw lv glvfxvvhg lq fkdswhu <1

Wkh rxwolqhg surfhvv deryh dsshduv sodxvleoh exw lv gl�fxow wr vhsdudwh iurp wkh

rwkhu glphqvlrqv ri wkh VwhuhrOde vrflhw|1 Frqvhtxhqwo| wkh wkhru|/ dv suhvhqwhg lq wklv

fkdswhu/ uhpdlqv vshfxodwlyh1 Lq rughu wr fdswxuh wkh hvvhqfh ri wkh surfhvv/ dqg h{suhvv wkh



48:

wkhru| lq d pruh frqfuhwh irup/ d vlpsol�hg duwl�fldo vrflhw| zdv frqvwuxfwhg +WdjZruog LL,1

Wkh qh{w fkdswhu ghwdlov wklv vlpsol�hg vrflhw| dqg ghprqvwudwhv hpslulfdoo| wkh srzhu ri

wkh deryh surfhvv wr vhohfw iru jurxs0ixqfwlrqdo ehkdylrxuv lq dq hyroxwlrqdu| surfhvv/ hyhq

zkhq wkh djhqwv duh erxqghgo| udwlrqdo rswlplvhuv udwkhu wkdq vdwlv�fhuv1 Wkh rswlplvlqj

dvvxpswlrq vlpsol�hv wkh prgho vlqfh wkh xqghuo|lqj surfhvv ri fxowxudo wudqvplvvlrq lv qrw

prghoohg1 Dovr lw fdq eh ghwhuplqhg li wkh jurxs vhohfwlrq surfhvv lghqwl�hg lq wklv fkdswhu

lv ghshqghqw rq wkh vdwlv�flqj dvvxpswlrq1

H�� �L?U*�t�L?

Lq wklv fkdswhu wkh VwhuhrOde vrflhw| rxwolqhg lq fkdswhu 9 zdv h{soruhg iru uhjlrqv

ri kljk fr0rshudwlrq zlwklq wkh sdudphwhu vsdfh1 Wzr whfkqltxhv zhuh xvhg= udqgrp vdp0

solqj frpelqhg zlwk ghflvlrq wuhh lqgxfwlrq +xvlqj F718, dqg kloo0folpelqj frpelqhg zlwk

foxvwhu dqdo|vlv1 F718 dqg udqgrp vdpsolqj lv sduwlfxoduo| vxlwhg wr fkdudfwhulvlqj wkh hq0

wluh vsdfh zkhq srlqwv ri lqwhuhvw duh qrw uduh lq wkh vsdfh1 Kloo0folpelqj dqg foxvwhu dqdo|vlv

lv pruh dssolfdeoh zkhq srlqwv ri lqwhuhvw duh uduh exw fdq eh irxqg e| kloo0folpelqj1 Erwk

whfkqltxhv zhuh xvhixoo lq dqdo|vlqj wkh gdwd vdpsohg iurp wkh sdudphwhu vsdfh1 Ilqdoo|/

wkh sdudphwhu vsdfh zdv h{whqghg wr doorz iru d kljkhu ohyho ri lqwhudfwlrq eldvlqj edvhg rq

odeho elwv1 Kloo0folpelqj dqg foxvwhu dqdo|vlv vxjjhvwhg wkdw d jurxs irupdwlrq surfhvv edvhg

rq wdjv zdv surgxflqj fr0rshudwlrq +vhh vhfwlrq ;1516,1 D wkhru| zdv dgydqfhg wr hoderudwh

wkh srvvleoh rshudwlrq ri wklv surfhvv +vhh vhfwlrq ;1518,1 Exw wkh frpsoh{lw| ri wkh prgho

pdnhv dqdo|vlv dqg whvwlqj ri wkh wkhru| gl�fxow1 Lq rughu wr vhsdudwh wklv surfhvv iurp wkh

rwkhu glphqvlrqv ri wkh VwuhuhrOde dqg fdswxuh lw lq d wdqjleoh irup/ d vlpsol�hg vrflhw|

+WdjZruogLL, zdv frqvwuxfwhg wr h{dplqh wdj edvhg olplwdwlrq ri jdph lqwhudfwlrq1 Wklv lv

ghvfulehg lq wkh qh{w fkdswhu1


