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. !" ' i i ' ,dl i uAsHnkt
l - i i  l r t io l  o t  C l i v i l  I r r t i r rcc r rn ! .  L ] t i vc rs j t i  .Sa tns  N ' l r l iLy  " r r .

v. w(.)\c
.  Sr la rgor  L ) i i ru l  Ehsrn ,  Ma l i t vs i i ;

ScLr r : rang Pe lur  Sc la l ; r r t .  l ' u l l ru  l ) i ranr : .  v l t i r l s ta

I(elwrirds (lrrrss-Sccliurrrl Anrilysis; (icncrrl izeti L,incar \iotlcls; . lunction (lerrnrr:l11'; Junction Trexlrr)cnl Oritefi ir;
N IoLorc1  e lc  Acc id rn l  t r4 ( lde15;  l v lo t r l f cyc lc  . \ cc i ( ioo ls

Slr l ts l rcS | .evci r l  thal  . jLruct ioDs are l icc idenl-p l 'orrc iu eas Lre-
e;Luse lr lllge ;lroporlion of accidenls hrrve lreeri rcpr)rtcd ro or'-
cur  at  junct ions ( l  lE,  2002; PDR\,1.  2002).  f )cspi tc.  r rnprovcd

. luncLion desisn ; rncl  nxrrc sol lhtst icated appl ioal ion of  t r l iT ic err-
pt t r tccr in{  i r )o i rsu|es.  Lhc rnnLrtr l  dcr th to l l  du! :  to t f t f { ic  lcc ic lenls
l res not  c l )ange( l  subslant i l l ly  in r lorc lhau 25 years ( IT8.2002).
llascd on thc ltiescnL aciitlerrt scsllario, thet'e is an urgcnt neecl
lo sPr 'c in l lJ ,  (L.stqrr  the s( f i t los ic p lans und plogr i tn ls l -oI  redrrc ing
tru i ' f lc  ar(  idents r i t , jurrct ious ( lTE. 200() :  NCHIiP,  200( i )

l)revious slrrrJir:s on lliLlfic ircciclcrrt: at junctit'rns or tt links
rr , r th . iunct iorrs huvc br .cn nrain lV col tcc l l red rv i th u l l  r ,ehrc le
lcc i r i t :nts 1r \ l ' fuur  & 

' lay lor .  
l9 i )6:  BlLrer  & Hrnvoot l ,  2000;

\ l lounla in et  a l . .  I  ( )c)8:  Roclr igucz & Saycd.  l t l99:  Saied & Said.
J00l t  J-a1 kr let  i r l . ,20U2lVbgt,  1999; \ t rgt& l j i r red.  1998: Wang

R t c . r v r t l  I  t  \ l r c 1 1 1 b c 1  J 0 0 i ) t  r r ' e u p r c L l  l l . J J u ] r  l { ) 0 i

, \ iL lr i :ss crrncsprlJcnuc to R . \  l t r rr . i in L rnar,  l lLraLl Sr lcty l lcscrrr i r  f l :n

t i r .  l  n i r c r s r t j  l ' r r t r i L  A ' l a l a v r r r .  l - i , l ( t t l  L  I ' \ , 1  S c r , l r r r r r i .  S u l : r r r g o t  D r r u l  E h s r n ,

\ l r l l n ; i . r  [ - r r r , r i l :  r . t d l r ] u o t \ ( a ( t ) g  u p n t  r t i r r  n 1 \

& leda.  1997).  Horvcvcr,  t l rere rs cv idcnce that  r t rotorcycle ac-

c ic lents aL j r rnc{rons arc a lso s igni l icant  ( l )ETR. 1999; FORS.

1991):  I 'DR\1.  ?002; Raci in Unra: ,  1996; Sumrncrsgi l l .  1991),
and s!udies htvc highlightr:d that the chAnccs of l'atality ancl

ilrjur'1, to rnotorcyclisfs are rnuch higlter than L() pirssenger car
( . ) ( ;uupanls (Cesar i .  l9 ! )9:  D[ ,TR, 1999; NI I ' fSA,2001; PDR\I ,
2002: Radin tlnrar. l9!)(:). "fheretbre, nrore exlensivc rcsoarclr
in th is arc i r ,  cs l lec i i r l ly  on nlotorcvclc accidents at  junct ions.  is
stror tg ly lust i f ied.

F:rr ly  rnudcls i : f  t r i r l l ic  rcc i r ients werc dcvcloped using c las-

src i r l  l ineiu Lcglcssion,  based on the lssLrrnpl iot t  of  t t t t r i t ta l  crr t r r

slru0ture wilh a constrnt v:rriiLuce. However. thc use ol gon-

erel izcr l  I i r rear nrodcis (GLMs) (McCul lagh & Nelder.  1989)
rv i th Poisson or  negat ivc h i : rorr ia l  error  s l ructure has bccn in-
creasingly acocpted ils rllorc irpplopfiatcr Lhun the cllssical line;ir
nrodcl. TItr- usc of (iL\,{s lirr the developnloltt ol Pre(licli\'!r ntod-
cl s lbr trrrl llc acc itlerr ts, ir ti I i z i ng ei Llter thc cross-secl ional or tltc

time series irpproach, hls beert rcpttried by sontc rcsearchcls in
carlicr studics (13aucr & Hirrrvood, 2()[Xj: llir:untain eI al.. I 996.
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i ; i g t r r e  I  \  l l p i c r t l  v r e r r  o l ' l r r  c x c l u s i v c  i f r ) 1 u r c v c l .  l i r n e  i l t  l U a l l r r s i r

l (X) f i :  l ludin l . . ln tar .  l r ) t ) ( r .  Rird i l  Urrra lct  i l1 . ,  1995, l (XX).  Saicd

& .Sair l .  l ( ' r { - i l .  lav lor-  c l  l l . .  - l (X) l :  \4 ls l .  l t )9( . } i  Vrst  & I larcr i .
l 9 r f i )

Sir rcrc t l tc  i t t t r rx l t rc t ion ol ' thc r . 'ork l 's  l l rs t  cxclusi t 'c  n iot{ } rc,V

i l e l i i r t e i u N ' l l l l v s i l r q l ; i g . r r l e  1 ) , u , h i e h \ \ a s o i r n r i l : i t x ( l ( l f e s s i l r l

l i t r l . - l l r t l o r i r t l t ' i r c i - i ( l t l t t s  i r l on t  i n t nk  r ' ( ) l r ds .  n l r t i r ) J t ) u \  s l t i ( l

ics i tarc i : r rc l r  c i r r r icr l  oLn l ( . )  invesl i l l i l tc  lhe * l ' i i :c l  r ) l  r l r (h I i lnes
oir  nrr . r lorc lc l t :  i . lce id"-r ' r l \  i l lonq thc r ' f )utL '  l l t i t i l in  I  inr l l  .  1()( ] { r :
I ( lc i i r t  l - i r t t i t l  c i  r r1. ,  l ! )95.  lOiX.))  l lor , .c , , ,cr ' ,  nr) l  nr . rch rL ' , \ r , . l rLh
l [ rs l :c t : r i  tL. r r ry lcr  i lL l ( l | t r r  r t ] ( l lo |Lt ,c lc i rcc i ( icnl  i r r ( )h lents l t t . i l i l r i .  -

t i o l t s .  l  h t r s ,  i l  r '  r r ecess r r r v  t ( )  r a l r v  o tL t  i l r - dep th  i nvcs t rga t rons
rrn f i r l l r r |s  corr t r ibut inq to nrotorc-velo acci( icnt \  x t  . iunc{ ion\ .
Apl t r i  i iorn : rddlcssin.r r  t l tu cxe lusi ' , 'c  i tnc cr i t r : r io.  such tcscrrc l r
\ \ r I l i ' i  ( ' r i i r l r l c  r l r t ' r l t ' r i I l r  r ' l ' . t l . i i l 1 \ p l ' i j l i . ' . j r , l r ,  l r r r r t  l r f , l t n t L i l l  ! i l l c -
r i i t  sp t i i f i L : l t l l t  f  o t ' r r t r l t t s i v r :  l  t t i l  no r r r ' x c l r r s i v r  r l o t o l cvc l c  l l r n r :
l r u  i i r t i c s .  . , \ s  l n  i n i l i i i l  r l l l i r r t .  l r  l ) r ' c ( l i c f i ! c  I no ( l c l  l i ) f  n ro to r -
e ) c l c  acc i L i en l s  a i  t l r r c r - i eggc (1  r r r a . j o r - n r i r i o r  p r i o r i t l , . i u r r e t i o r t . .
i tas bccir  c l t r r ,c lopud. ' [ 'hrs a l t rc l r :  r ) rcscnls t l rc  dcvclo;r r t r t : t t t  o i
suclr  nr t r r ic l  l i r r  ur t r i r r r  roacls in N{al i rys i lL.  Th' :  Cl l , \ , ' l  i t l ) l ) roaLrh
\ \ ' i r r  i lsr rd i r i  l l i ls  stut ly  beearrst  as i ts  srr t r lcr iUI i l t , i r r  t I i r l l ic  i t t :c i ,
( l ' i n l  I n ( ) ( l d i i n s  s t r r d i c '  has  l r c c r r  r v c l l  c s l ub l i sh r . u l . . \  L rg - l i l r u i t I
r ro\ \ -s. . t ior1 i i l  r r rot lc l  u, i t ! r  PoissOi l : rnt l  l rc !at l iYc [ r i i r0Ur i ; t ]  r : r .
r r l r  {NACi.  I9t )61 ul ts  i r ' rcorpot ; t t . : t1 t r . r  tc l inc th is r r rodel .  l 'he
r : r l i r t l r t ior t  o l  lh. :  l )nnrr t t t lc ls  lnr( l  l r 's ls  o l  t l rc i l  s igni l icnr lce \ \ 'c lc

t u r r i c c l  oL r t  us i r t l  t l t e  \ i i l i i s t i c i r l  s r ) 1 t t ; r r r ' ( - i l . l \ 1  4  tN . { ( ; .  l ( l 9 l i .
spl r  i  i i l  lv  i l rs iuned l i r r  t i  t t  i i  rg c( : i lur : . l l  izc( l  l  i  nc: t r r  i r ror | : ls .

;1'ii.ilfi{.Xl

j n  l h i : ;  ' ; t L r c i r ,  l r  i ( ) t l l  r l  l ( r  t h l t r t ' l cgg r t i  r r u r j o r . l r r i l r o r  p l i r ) r i l \ .

L r i r i i ! l r s  i r ) t x1c ( j  i t l  r l r l r i t i t  t i ) l . r r l s  i l ]  l i ) t | f ! i i : i t l ' i ( 15  i . ) l  t l i ( ' \ L3 l . c  o1
l i t l : ingor .  \ i : r l : rvs i l r ,  r ,  e i i - '  ntnt l t ' l t r l r  se le r .  l t t l .  F igLr l t '  - i  s l lcrrvs i l
l \ p i ! : L !  i t i l i r i i r ) l  r r ' l c i : t c t l  i t t  i l r i r  s t r r t . l r .  , ' i  J - r ' r : : r t ' t r r : r ' i u r i  i  l ( l { J?

. l { ) (X } l  L i l  i l i ( ) t ! J r . ) ) i l (  r r ( t : i t l u r ' r i  r l i t ( i r  0 r t  l l t c  sL r l r e l i ' r l  l t r t r c t t r r t i r  ' : a s

i r s r : ( l  i r i  l l l i \  s t i t t i t . ' l l t c  i l c c i r l ' - ' r i l  d l r i l r  \ \ c t r  l r r . ocL I i c l  i l r . ' l t r  t h r '

J ; r ' 1 i ' . r  r r i ' r ' r r i t r r i  i t ! r i , r ' ( i i n l l  i i r r r u  i ) ( ) 1 .  . l l  i l ) i r  i l t ) l  l .  i ' l r i s  l r ' ; l r l r

i .  ; 1 re , . r l r i l r  r i r : r i u r r . : t i  t i l r  c l r : - r  e t r r t t F l c l i on  { l { l l i i r r r  L . r r r i l t i  r 1  r i l . .
l r ) ' ) l  1  ; 111s i  i i  l u l l r  r o r r r p ; r t i b l c  * i L l r  t l r r '  T I ? . i . ' r  i \ l i , : r ' r t u i r r npu t r , ' r '

I ig ,u re  2  A  r !p i r i r l  \L ]ec lc i l  ju r rc i i r : r r  rn  \ lahy ,s i i t .

i \cc i r . icrr t  An.r l ls is  l luul \ l rc  ( i l4AAP: Hi l is  ct  Baguicr .  M9.r ,1.
i t  s l tuLr lc l  [ r r :  nrerr t iorrot l  t ] rut  orr ly  lata l  aucl  hospi ta l izcd i rcer-
c lerr t  r l l tu r . r ,qrc: i r , ; r r laLr ic i t r  thc:  IVIAAP l i lc .s iot  t l rc  stut l l -  per iod.

. \s  such.  at l i l i t jorra l  t l i r lu  was c\ l r i tc tc( l  f t r rnr  lhc { i r r : tpuler ized
,{cci i lcnt  l iccoxi inr-r .  Systum i ( IARS i  r lat i rbasc t i r i  s l i rht  in. jurr '
le  c i t icnt : .  I 'hc . \4AAI ' ]  dr tablse is  lv l i i t tb lc i r t  lhc Roat l  Suicry
l tuscal t ; i r  ( . lcntr : r .  [ .  r r i r ,c ls i t i  l )ut ra Mrl lLvsia.  * ,hI le the f - . , , \ l lS
t l l tuhascr ls  Iocatc( l  : r t  thc Ro)al  Nia laysi l r r  Pol icc l ' [ : iLdt l r iar ters.

Di  l l  cr t rnt  scvcr i  t l ,  levcls o l '  n1() torcyclLr  accidcnts * ,erc consid-
, : r 'u t l  r r r  th is stucl_1.  

' l 'hr :y 
rvcrc c lassi l icd i ls  f i l ta i ,  hospira l izer l .

i i l ld  s l ighl  i r t iur . t  i tcr idcnts.  . lur tct iorr  ; ld! r i ( ic l t ts  rvqrc t l ! , l l r rc t l  i t r
l ln) , rct idenl  o(c i l r f i i r ! l  \ { i r th in i l  50 l r r  c l is tst rcc l ronr thc eorre-
spon t l i ng  s top  i i n c  o i  l l r c . } r r r c l i t } r r .  Fou r , r c l r  i n . j u r i  n t 0 t0 i c ! c l c

. rc( lc lc l r l  l rc t lucr i r rcs a l  l l rc  sr luctct l  . jurret iorrs 0f f  prascnled i1 l
| " - igr-r rc 3 u 'btrc lhu r i t t i ( )  o l  Fatal :Scr iou: ; :Sl i tht  i i r . ju lv  is  l t ruui
|  : l . , . l r f i .

l ' r 'a l l ic  l lo t , t l l ta  i rser i  ln  { l l is  s lu( ly  rvere t rascr i  on Ihc r5-

l in l : r tcd xnnul l  rvcr lgc cta i l r  t r ; r lhc (Ar\ l ) ' l ' t  lb l  e: rch \ r le, - ' l .d

. lu l lc t ion.  l lcr-or '< ls o l  hoLr l lv  1r i . r1 '1 jc volunre (d is: ig: r rcgl l r : r1 l t r

n{)n l l lo lot  c-vclL ' : ;  l t rc l  r t t ( )10r 'cycl { js  )  a{) i ln t f  ( l  ( )n cduir  l l i tpro: t l :  l l  r , :

the.1r .ur t  t ion r l ,crc cor lvcr lcLi  to thc A A l ) ' l '  us inpi  l rour l l ' .  r lut i r ' .  :L i t t i

nrorr lh lv l i rc(or .s.  Sr ich luctors r i 'crc dcv(r lopc( l  r r :1ng t l ' ic  24' ] :  n i - ' r -

rn l t r rer t i  1r ' l l  i i (  ! :or . ln l  : i l i t t i ( ) i ls  ant i  t ra l ' l ic  f t : l tsLts r . l ; r tn i lv i t r l ; t l : lc  l : ;

t l r c  l l i g l t u , t - r 'P l a r r i l i ng [ ] n i t .  \ l i r r i s t r v  r ; { 'Wr l t :  Va lavs i a (111 " ' t ; .

l (X l l a . t r ) . ' l  h cs r  t uc t r r r s  r , v c r c  t r ascd  on  t l r c  r l c t i t od  p fopo \ rd  b \

\ , lcShrr ic  c l  i i l .  (  i ( ) ( )8 ) .  
" l 'h . :  A; \ l ) ' l  s  \ r .cro c\ l l r r isse d i t t  t ( ! t r ' l \  . r l

nunthSr ( ) f  nonr ' i l ( l t r ) rc. \ 'c les I )Lr f  t la-r '  lnnrpt l  l  i lnd nl ( . r ! ( ) lc i  c lE!  l r f
i . l i r1 '  r l tnpr i ) .  

- l  
hc , , \Al )  l  i i t r  r tnrnt i  ot r  r ' t t ; t ior  ro i ( is  ra l lgc( i  i l (x i i

l , J . : l 4 t ; 1 , , , . i t . t a J u 1 r l  r ' r n 6 t i t 1 ( ) r r o i r ( l s 1 l 6 1 n , t . f { l 2 t o 1 t ) . 1 2 { ) .  l r [ i i t

l i i r  rnpt i  i l  r i t i tgcr i  l iorn -1.151 to l { ) .6 '16 on rr l l i jor  r ( lat ls  xnd i ro l r l

| . i88 to i . . \ { i9 t r r i  t t t l t tot  r t t r t t ls .  l  l l r -  Lernr t t t t t t t t t t ! i tn vr ' l t :  rc i .c t ' ' .

i ( )  r l l  1\ ,pc\  ( l i  nr( . r l ( ) i i2r ] ( l  Ic l t iu l t : r  c) ic lL ld i l lg  l l lc) lofcycle! ; .

I l r c  i i i n r ' t r o r t  gdo r l t o l r , \ ' { i l r r t r ' * i t l t h .  t l t l l l l l l c l  i l i  l i Lncc .  i t ; i i t

rhoLrklcr ' . , i  t r i t i r  ) .  t f l i l l i r :  \ l t r 'a(1.  r r ( : r i rs lnal l  t i t r t , . ; ind i l i t tc l  t rsc; l l  i l i t

sc icctu( l  . j r t r tc l iot ts  \vctc s lso t 'ot ts i t lcrer i  in  l l tc  : l r r r . i r .  I i t r ' i : ; ; i

l i { )ns i \  ! ' rc  sr : icetct l  h i tsr : t l  ot t  ihu l i r l luu i r rg ct . r i t t l i i i r t i l : : ' f ' f rc l*  l t i l i l

l ldcn ()n l !  n iarc. i ra l  { ) I  i t t \ i r tn i l i ( : i ln t  c l tang. :  i t l  l l i l lL i  t lsd.  l l t l  i i i i : -

j r r l  nr l r i i i r r - : t t ions () r  Lrptr i la l i r j l . t .  t t r t  r l t i : ;c t i  is l t i t t t j r .  ; l t t t l  i : l i  L1 ' .  - .
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o  { - L - l - i ! l , l r : l  i - l l }  r 4 l I " l  I !  {  t _ i i l $  L d i  !  i _ l 1 i  !
I  I . r . l  i  6 ;  N  9  r r j i l l : t i 1 { l s l ( i t l t J t 9 l t I : : ? l l J 2 5 : a : j I t l r ) , 1 0 t ! t ] 1 l t . l . } 5 - 1 0

Selecled Junct ions

nunt l - rc l  ot  l iu tcs t i t t  t l tc  eot l t :spr . r r t r l in l  l r r j t : r  l in t l  t r i i r r r r r  r r - l t r l
luppnrachcs 

- l 'hr  
. jLt r ic t iorr  l . lcr , rnrc l r \ .  upplr . r l l l r  rprcr i .  unr l  l rcr i r t : ;

I i l i ln  l1{1\1,  l \ , ! ' t r ' t i l ! :asLt fc(1 i ) r ]  \ t lu  bec: lLrs(  \uci t  d iL la \ \ i ls  n{11
at , l t i l i ih lc  in l l tc  i l l t l l tbasr: .  lh f  r l iL t i r  \ , , ,oto c() l lcL. l ! : ( l  o1 \1c Lts
u r !  s i l u i l l r r a : su l n1 ) t i u r r :  n r i u . l c  i r i ; r i r  e l i r l i c r  s l r r ( i \  ( ( ; o l j l r \ .  l r l 97 l' I ' l t r :  

l i5 th pcrcrnl i le  spect l  u,us i iscLl  to rcpr.esei) l  i r i lpr( )xc l l : r i t rc{ l
a l  cach. ;unct ion.  SLrcl t  l r r r  a l t l t ro l tu l r  spccr l  * ,as l i lso. .onsi t lcrct l
in  l tn car l ier  studl 'orr  t ra l - l l t :  i lcc i t lcnts l l  rorrn( l l rbuutg {Antdt  &- l  

r0Lt t t reck.  l  9() lJ  ) .  ApJrrr l |c l r  r1:cet l :  wurLi  i ) tc i isut .c( l  i r l  i r  r l is tnt lcc,
ot  5()  l r r  up\ t i ! ' i t r t r  l rorn thc corr .esl torrd i r rg st t l t  l ines oJ lhc. junc-
I to l ts .  [ ) r :dcsl r i i r r r  t low l r l  c l rc l r . jurrc l i t . r r t  r . r , ; rs  t ie i inet i  i ts  i l lc  1{) t i t l
nunrher c-r i  pudest l iun cr 'ossjn. !s pcr  l rour recort lcc l  on rr rAjur  anr l
nrnor fo i t t ls .  I - .ane r i , id t l t  o i r  ml . jor .at tc l  rn j r ror  r t ra i ls  rarrgct l  l l .orr r
. l  I  t o . f . l  r r r  an t l  ho r r r  . 1 . . i  r r i  4 . 0  t l .  r c spcc t i r r c l y .  T l r c  i r uu rhc r
ui lur tc:  lnr  rcs l tect i r ,e nrajor  l rnd rr r i l lor  roat l  apl t ro l rc l res r . i tnucrt l
l j  l  to -3 l iurus.  NleAnrvI i ]c ,  thc ar , ,g-1i tg1g str i lu lc icr .q,r rh l t , r r
i ru]or  an<l  r r r inor ro l rc ls t r i tguci  l ior l  { l . t )  tu l . f  n; .  Thc upproach
spcci i  l r i r r rcd l ronr 5() .0 Lu 66. .5 krn/h * ,h i lc  t l tc  r runrbcr.o l  l . rcdcs-
t r ian c l t iss i r rgs l ln i :ed lhrnt  1)  to l ( lc)  pr : i lcstr i l tn, /hotrr ' .

\ le : rnrr ,h i lc^ l t tnt l  us. t  a l  d. : lc i t  s f lc ! !ot l  lunct i r r r r  r . r ,ar  l lso oLr.
selvet i  c i r r r i t rg s i tc  t lat i r  col lcc l jo l l .  Lalrc i  ust  rv i r :  c la:s i l ic t i  i l r to
l \ ! '0  Ci l tegor ics:  corr tmcrci l l  i t i r t i  r r t ) l rcornr}1L|rr i l t l i t rcas.  C( ln ln lc l_
ci l I  arras r i  ere idcr-r t i f ied i is  lhosc ar .cas r^, , i lh  cuncenl fa l ions ol '
r r l [ ices.  shops,  r 'a i l rvay sta l ions.  ant l  l rur  \ tat ions.  

- l 'hc 
; roncor l -

lncrc i i r l  t reas rvcrc ic lent i l ic t l  as bcrng rcsi r lcrr t i r l  or  unuscc. l .  Ol
thc 3{ i  ju t rc l i t . t r rs.  )  J  . junct i t tns r"vr : r r  loc i r lc t j  in  conrr lerc ia j  iu .cus
ancl  l - i  in  noncolui lcrc ia l  ar .c i rs.  I t  shotrJr l  bc r iotcc l  th l l  lunr .
i icxts locatcd i r ' t  corruncrc i i t l  a l 'L i i ls  \ \  i [h acccss rour is rv i thrn ; t  ( l ts .
L i rncd r : )1 50 m l ronr the junct ion sto l t  l in ls  uer. t r  uxe lur led in l l .us
sLut iy .

l le fore undcrLekint  l i re ) i tx l is l ic l l  rnodt : l i lu .  sornc r lu jor  luu-
tLLf c( for tllc ltlrclc I ing proccss l:iLcl to i>e lrrepr re d. Tirc thr:oret icai
ntode I  hncl  to hL:  l i r rnr  u latc i l .  t l . rc  cr-r ' t l r '  s t  r  ucture i lnd I i l rk  l i rnct ion
I tad to Lre $pct i l ied.  the v l r i r rb lcs o i ' t i ru ntodel  haci  to bc i r lcnt i -
l icc j .  and thc suur l r rcss-of- t i t  luc l  s igni l icant  tests hud tc)  t )e de,
l inr :d.  OEC[)  t  i997t l ras sugl_resied thar the c i r t ' r ice ol  fe l l tes. \ors

' l r t r r . r l t l  pr  rn l t l i l l  hc b lscLi  on 1)r t :  thr : r . r r '1 ,  usct l .  lhc L lncsl i r )n5 l { )  b! .
l u r r : , u . e r i c l .  un t l  p ro l es . s i un . r j  l i n r rw le t l . uc  l r i l t c r  t han  t l t c  r r r u i t i p l r
i : r r r rc l l r l i0r . r  i r r r i l  r t r r  r , r ' - l i l l i r rg l i r1 lh i l i0n.  

-1 i lk ing 
t i t is  \ l t l l ! i rs l to l l

n i1()  i rce ount .  t l re val iu[ : l r :s  o l  l l rc  nr tx le l  *crc dcl iuccl .
I r t  l l r is  stut ly .  thc |cs l tonsc r , : inahlc r r 'a. i  i l l r  nt i r r rbr : r  ( ) i 'n t { ) ! r } i

r -vulc i i t lc idr lnts rncl  thc crp. larraton' r , l r i l l r lc .s u,crc l r . r l '1 i t :  l lorr , r
i  t l  r .sagglcgalccl  hv nol ln lo lotcyr lc  un. l  nt i r t { l fc  !  c lc  ) ,  pc i lcst f  l iu l
l iow, t ra l l ie  sprer l ,  l i tn t :  u, idth,  nurnbcr o1' larrus,  shoulder r ,v idt l r .
r tnc l  lant l  usc.  [ 'he cort l i r ruoLrs var- iables $r1g i (gn1i f i ,11l  as tn i l '
l ic  l lor .v.  pcr l l rs i r i i tn l iLru.  i ra l l ic  sgrced.  l rurc rv i r l lh ,  : rnr i  nrmhcr
ol  lar tes.  nhi le the ( : i t tcgor ic i t l  v t l l lb los rvc lc shoul( lcr  * . ic l th
(SHl)W1 iv iL l r . l  1 'aclor  lcvr :Ls i l r r l  l t r r r . l  Lrsc c l tcgot l  t l - .L l ) rv i rh
I  l i rc tor  lcr ,c ls. ' l 'hc t l : r t l r  on. jurct i tn l  t . :contct t -y shorvci l  l l l i l t  lh0
r t r r ;Lrhcr o i  l l r r rcs l i r r  a l l  r l inot  r i ; l t l  appnl l rc l rc.s nas cr l r r i r l  to
( ) ne  (1 . \ l r :  l ) . ' l ' he re l b r c ,  t h i s  va r i t i b l c  r v i r s  cxe lu t l e t t  u l  l t . r a
an  l r  l y  s  i s .

. l i r l < i r r g  
i n t o  co r t s i d l - l i l t i on  t l r u  ca l l i c l  s t Lu l i es  on . j une l r o r r  ae

e i r l c l r t  l r r u t l c l i ng .  t hc  t hco tu l i ca l  r nock : l  * h i e l r  con la i ns  r r l l  t l r c
tcr- l r rs usc( l  i r r  th is s lucl - f  is  i rs  f r t lh. r rvs:

\ ,1( lA :  I i  QNi l i r r r " '  QN'r , in ' ' '  Ql \ ' i r r l "  { ) lv in" ,  e l ) t r t ) , '

I X l r t r ,  
S l ) i : L - l )  I  i l  I  w r i  i  ] 1 ,  l . \ \ ' r  r  i i .  l . N r f  .  r .  S l l L ) W - '  t , ,  l . . l l . i , f  ,

{ l )

uI tct 'c  \4( lA is  n)olo ic- \ ! lo t r r : r ; j (1, . : r r ls  { r ' ( :s i tor}sf  var ia l l le ; .  u,h i lc

Ll r t :  crp lunutor '1 var i i r l ) lcs i rnd the c lcscr ipt ior ' :s  l lc  p lcsdule. l  in
' l i tb lc  

I .  Th. :  k .  r r  1 .  cz ' .  u; ,  u; .  u5.  11 .  f l ;  .  f l  \ ,  tJ4,  lJ ; ,  i t i t t i  f1,  arc '  lhe

coel t ie icnts to i rc  cst in i i r t i : t i  i t r ld  t l )c  o lenl l  is  thc ct ' to l  lCpfcsct l l -

ing thc rcs idual  r l i l f 'ercrrce betr i ,ce-n xctui l l  i rnd prc( l iu led nlodci^. .

L is i r rg a logar i thrrr ic  t lanslbnnat ion,  thu lo5r- l ine;r l  v t ' rs iot t  u l  l l t t :

nrode I  r .s

l . n ( N l ( l i \ i  , =  L n ( l t )  1  u 1 l . n t ( ) N \ ' l n t ) , i ,  1 r l L , n { Q N M n l

+ {r r i ,n(Qfulr i l )  - l^  a;Ln(Qfuin)  ;  i r5 l .n(Ql)El) )



s  u , \ i tNL. \  [ t  A t ,

i a l t l r  i  I j \ p l ; 1 l r 1 o r \  r ' , r r r l r l c s :  [ - ] c r r ' r r I l i u r :  l r c t i r r  I c , . i l r . : t r r i l  r o d u r r  s , , s t c l t  u r ( i l  l i \ l

l r \ l l i r r ) , r 1 , ' l \  \ r r r i r h l r .  l ) f s a i l l 1 l i ! r l . l r i r ( t o r  l e ! c l s  (  ( { l i n s  s \ s t c l t s

(JN \  l r l
( ) \ \ 1 r r

tl l lrr

QNl r
(J I ' l i  l )

S l ' I: l : l .)

LWnr

l - N I D

i  l \ i r

5 t  l tJ\ \

l l

\ d ] r n t 0 { { r - f ) ( : h  l l \ l r \  r t r i  r l i i l l o f  r ( ) i l d

N e ) l r l r r r l o t u \ e l \ ,  l l o s  o D  I l t n O t  r l u t l

J\ lot tn r t  l r :  l l ( t \ \  ar i l  qt i l l ( rr  l ( rxd

\ ' lotrrrrvclc l l t ;w on rnirurr  ro; td

P c d e r t r j l r r  I i o \ \  r r r  n r i l j o r  i t n d  n i l n o f  r i r a i l \
' \1t l t r rrruir  \pcc! l  or r) t r l ( )r  and rninr.rr  rotds

Ar,:ra! tr '  lauc u t t i t l r  r , r l  r rrajrr  rorrLl

.- \ r  err i :c l lnc'  [ : r( l l l ]  or]  rr inr i r  r( ] l r i

Nuurl . - .cr rr l  l rutc:  (n nrrJor t t ) td

\ u r l t b c t  ( ) l  l l l t t - r . r n  t t t r r o r  l o t d

\rer l !c r l r rrrkL'r  r . .  tdt l t  r rr  r t iq,r

i L l l ( l  n l l ( j t  r ( ) i r i l s

L  i ! r t r i  r . .  i r i l l ( ' ! r r r , \

(-)-\ l\. l t ir (nonnrlrlLlr L \(rlcJ/1ir\ i

QNLIr ( nonrrolofc\,clcsy'dr) l

Q \tr t (urL'lo f clf l (-5Al r il
C)N,lr (nrororc!f lr\ lJJ]')

Q[:[ l) (pcdcstrirnslhr rrri
.SPEED (l:nri lrour i

l . \ \  r r )  l  n r  )
[ -Nr t  t r r r i
l -Nnr  (  l r r . s l l ra l i i f  c i r  rec t i r r r  r

L i \n  (  l rne \ / t f i i l  l j r  d i rcc t  io r r )

t l r  S l l l ) W  -  0 . 0 { )  r r r
{ l t  l l . t i ( )  . , :  S1 ' l l )W I  l . ( ( }  rn

{ - i i  S IJD\ \ r  :  | . l ) i l  rn

i  I  )  i \ r ) r l cor r l l ( ru i r l  t r r i l
|- l r Clrrrrtrtrctrrl rrr:r

. *  ; i  r S P l : l - . i . ) r  l . , i J ' i 1 . \ \ ' r r r r  r  l i , 1 l . \ l n 1

I  l ' i , . { L \ r | )  i l . , i SH [ ) \ \ r 1 - ,  r e r , ( i - [ . t  ) +  c  i ] )

' l l r r ' r r i t l r l  
J - \ . c ; t l  l t c c i r ] c t r l  t r i t l r t e r t c i c s  r . . cLc  t r sc t i  t o  i t t  t hc

n r { r ( l c l \ .  l - l L r i l c v r r ' .  l r i  i n t l o i l ue i n t  i l 1  o f l . \ c t  va r i a l r l c  ( 1hc  t c r ' l l
I t r r , j  ur  thc l i t l tn l l  p i l r :c 'ss.  t l te l in . r l  nro( ic l  \ \ , ( ) r r l (J  esl i t ) t : l lc  t l l ( "

n i r r l lcr  0 l  i r i .  c i . ier l ls  t ) t l  \ ' ! ' l i f  Thir  i tPProat 'h h; tc l  hcerr  u:ccl  in
i r i l i l l l ] i f f  r l I l r i - - \  { ) n l n r l l i c i t ec i t l c t t l \ l l 1  . i r . i 1 ] L i i ( ) i l s iN loun t ; r i nc t : t 1 . .
i e 9 f i l

[ ] i | | ] i r r  s l i l ( l i r : s  ( ] i l  i unc l l ( ) ] r  i r d i r i c l c l t l \  lN . iOU l l ! i t i n  i : t  J l . .  I 9 ( . 18 :
l ( o t j r i r : L r r ' z  j t .  S r r r t r i .  l \ ) t ) i ) :  S ; r i c i l  &  S : r i d . 21 )0  1 :  ! i r r : t .  I 99 ! ) :  \ t r u l

. t  l J , r l e i l .  1 ( ) t )N i  o r . ( ) i r  l , n l \  i r e ' ) i r i on t \  t \ , l r l u l t t J i l )  c l  l r l . .  l t ) ! ) ( r .

i { u t l i r t l  i t t t r t  i ( l (X r :  R . t d i t t t r r t r i u  c l  i } 1 . .  1 ( , 195 . - l { t l ) f ) ;  1 i r i ' i o l e f  l r l . .

l ( ) l l l :  i L i r L . l  F ' r  r t : : , t r l l  u r r i l  r r c l a l  i i . e  b r r t o r l i l l  r t r o t l e l r  t r r  d t : s c l i be  i l r u
r l i s l r i l r L r t i o r r  ( ) l  i r r ' i , r ( l c r l l  ( ) ( : r t r r r dnac : i .  V l t vuoek  i r r l r !  Ha l l  (  l ( ) l i : l i

i c l ) i ) r t c i i  l h l i t  t hc  nc r l i t l i \ ( r  h t t l on t i ; t l  i l n i r l \ , s i \  < i i t i  r r o i  sho r r , , l t i t , i

s i i t r r i l i c r n l l r  i i i l l c r cn t  r ' ! ' \ u l t :  ( ( ) n r i r i l r i . ' ( l  l ( )  t l l c  l ) r l i s s0n  i r t i i l \ ' \ r \ .
' r ' ic ; i r r r r l t i l t : .  

N, l r i rorr  i  l ( r i ) . l l  r 'ar l .xrr tc( l  th l r t  thc I ) r ) is :o l t  i ln( l  nr 'ua
i i r r '  l r i n r r r r r i i r l  n ro t i c l s  l i , r t l  t h c r r  us t " s .  \ i  i l l r  ncg .a l i \ r . " h i r r on r i n l  t o
f i c  i , r ( l ! ' l c t i  i j  t hL :  t i a l l i  $ . , f l c  r u l l l d i cnL l , r  o t u t t i i spc t sc r l .  L " l aue r '
i r r r r l  i ' l r r r r r i l r r t i  t  l lX) i ) j  L i :et i  t j rc  Pt i i :soi l .  log-notr t ta l .  anr l  t tL ' ! i l
t i i ' r :  b r r i o r r i l r l  , J i s l l r b r r t i o r r s  l i r r  r r r o r l c l t r ' t g ; i cL : i r - l cn l s  i r t  i unL l j on \ .
I  l t L :  ue r r " i l r i  \ h i l l ) ! ' i ) l  i l ( . r ' i i - l c r ) l  l r r r l t i r r r c \ ,  t l i s t I i l l L r l i r r r r  \ \ i i s  \  i \U

r \ 1 t i  ; t . . t ' . r r i l  l r \  l ) l r ) l 1n i t  t h r ' , , i l t t : r  r , l  ; t t L  i t l e : t l  l i r ' Lg r t t nc i  l r l r ' r t l r i l t

i . r i i : ! ,  l f \  1 r l  i  U r l r ' ( i \ r l l :  ! ' ( ) t  i : i { k ' t : r ' ( i .
( ) r i  t l i r  h . r : l :  ( 1 1  i h r \ r ' r r i l l i r r  \ l i l t l i f \ ,  ! i r c  r : ' r r r t l c l  ( l ) { ) i ) \ o } r  ' ' )

' r i . ' :1 . i l i \  i ' l r i i rO i l r i : r l  I  i r . ; (  r i  in  l l | : i  \ l { l r l \  r  l t s  l t l s r : t l  o r t  l i l t :  1 :oo i lnc r r -

r ) l  l i i  l r r \ l  ! l t l . r i c r i  { r l r l  ( ) n  l l l !  ( ) l ) . i ( l r \ \ . ) t i  l i L t  t L i r r l l  1 t - e t l t t t : t i e i t r .  L ) c -

r i l r i r i r , , r ' : t s  r r s e t i  l r .  l t  n r t i r s u f !  r r l  t r t t t t l r t e r s - o i  i l t  r r t  t l r t :  r l o r l c l r

i N . \ t i .  l ! ) ! ) . i  i t ) r : r ! ' )  , .  T l l f  l l t i l t i n l t i l ) t J e r i l r r c r ' i l ( ' i l c r ' : t l d t l  i n l l t r l i t -

l i l r !  D tor ' ( rs  \ \ i r .  ! i )11 \ i r i r ' r ' c ( i ,  l r s  l ] t c  ohs i : r . r ' r : r i  l i l r i t . l c r l i - re . .  r rc r r '

l l t i  r  l . i s c ' t  l i t  t r ' r  l l r r  l l ) ( ' o f L l i (  l t l  1 t . : L 1 u r : t t c r c :  b . ' r r i g  a n : t l r , z c d .  l r r

i r ( l ( i i l i L ) ' t . ; r  l r r l r I l i r r r i :  l r : s (  . r l  l l l ( ' l r ' . i  r i r : i r i i r i : l i n c , , ' l a v e l  ( j )  - .  { ) 5 i

\ \ : i :  L i r i r ' r ! r r i  r ) [ l  t ] t  n ' l f ! t i l l ! ,  l l t L '  i I o d C i

I D  t i r '  s i : r r l r .  L i r ,  L l L t ; t s i  l i l t c l r i t o o t l  l : l l [ ) t o i ] ( r ] r  t i t i r t - L r i l r g i r  &
\  L l t : . , ' i .  ' t ) ! ( l t  \  i \  l i \ f i l  i ( r  r ) \ ! , j ' r  i , ; l t !  1 l t , '  r l r . r q . 1 \ t , , , .  ; t [ i t l r l t i n .

Tlt is  i tpplo i . ich hr ic l  bccrr  rLscl i r l ly  enrFlo\c( l  nr  ( : ru l ic l  \ t \ r (1 ie\  or1
r r r o l L ) r cVc l c  i t c c i ( 1e  n t s  (Ru t l i n  [ , r i l a t .  l 9 t ] ( r .  Red i i l  [  r ua I  e t  a l . .

1995, l . (XX)) .  
' l 'he 

r l is ; . rcrs iorr  p i r r i rntete f  u, t rs cst i r t ratet l  l jo tu thr '
nrcHn (1e! i iu lce {scalut l  devi : rncc o\ .er  i ls  dcgrces 0l  f reedOmr
' l 'hrs 

r r t l l '  l i rn l  a nrrrc lc i  u. ' i t l r  scalcrd ( lcv i i lncrr  c( lux i  fo L ls degloe\
r) l  l lcc( tonl .  

' l ' l te  
{ inal  nrodcl  wi ts b lsccl  orr  the goodncss-oi ' - t t i

lund rhc s igni l icarrce t rs l  c i ln ' icd out  o i l  the ntodels,  such i ls  t l te
c l range i r r  sc i l lc( l  ( lc \ , i i t r lcc l i l r r r  at ld ing or  rentoving thc ter l ls .
l i r r  ml io o l 'scalut l  ck l i ;urc. :  to l ls  dcgrecs t r l ' f iecdorn (ntr ' iu l

r i c v i ; r r t ! c ) .  i u r t l ,  s t a t i s t i es  o {  t l r *  pu r i t r r r e te r cs t i t na l e \  s i gn i l i r : a r t t
; r t  thc 5 ' l  l ( rvc l .

N4rr l t ivar i r t tc  ur) i r i ) 's is  \ \ ,u\  er l rp l ( ' ] \ , t ' ( l  i l r  t l r is  stuth.  Such i ruel
ls ts i r l lor f :  f i r r  i tsscssr l lc | r t  0 i  the v lLr iuhlc(s)  rv i th thc [ r isgcst
i rnpecl  r l r r  t l r ( )  pfobat l i l i t ) ,  of  rntr tot 'cvcle accidrrnfs.  t jnrv l | ratc

ana l ) ' s i s  w i l s  x l so  cn rp i o \ i e ( i  i n  t h i s  s t L rd r  { ou rs i dc  o l  t h i s  i r r L i c l t : i
I r )  obl i l i | )  i t  conlp lctc Lr ic tufe ( ) l  lhe t l l tc t  0 i  a l l  cxpiant t r ) r \ '  \  i i l  !
i lb lc5 on r l rotorcvclo xcoj tJcnts.  l t  should bc not t :c i  t i rat  onlr ,  thosr '
\ a l i i l b l os  f ou r r t l  s rgn i i i can t  i t t  t hc  j ? i  l s , c l  r n  L rn i v { r i t t e  l l l u l v s , ,
\ r ' c r L '  i r i c I u ! i o ( l  i l t  t he  r r r t r l l i va r i l t e  : r n l I v s i s .

tt/ ist/ l,T's

' l  
l ra { (x)d{ l r :ss-ol - l i r  tcs l  c i i t r i ( 'd  oui  ot t  lhe Poiss[rn i ln( l  ncgi ! -

t i r c  h i r r o r l i u l n ro i i r l s  r r vc i t l c r J  i ha t  t hc  I t o i s son  l l l o ( l e l h l d  i l  s i i { h l
i :L lgu i ) \  cr  f l td nei : i t t i \ , r  Lr i rurr l ia l  rn cxpl i r in in l  t l te tar iat i r in o l

i l r ' a i ( l c l l i  { ) ( cu f r enc t ) .  I ) c ! i aneu  { l ) )  i i t I  t } r c  l ) o l s s r ) r r  n l ( } ( l c l  w i i \
, ) ( | t )  s i t i ' r  l J  , 11 .  r vh rb  r l - r c .  dc : r ' i u r r cc  {D )  l c x  r he  l l cga r i v r  b l .
n ( ) r ' r i i r l  n t ( , d r l  r ' , u s  ( l . l I  r , r ' r t l r  i I  i f i ' f t r c  I r vpo thL : scs  t cs t  a l : r r
c()r r { l rnrcd thut  th( '  l )o issou uror lc l  rv0s . , t i r r ls t ic [ ] ly  s igni l ic i i r i r
I i r  " .  . { ) .5 1 r r i  r r l ) rc) jc l i l ing lhu Vl I iat i0h () i ' i lcctddnl \  undcr c(}n
sic leral ior t .  Since thc l )o isson rr r i r le j  , . las usid i tnc l  a iot . l inc i r r
i l r r )ss-see l i ( ) i la i  rnot lc l  uas crnplo) ,ed.  t i r r  I i r rk  iunct iC}rr  therct i r rLr
rr ' l r r l ( j  l r - l  s l t r ' r ; i l ierJ i t \  thc l . rg { \ , ' \ ( -1.  I99-} t .

' l  
i t t ' P i ' r : l r t l i na r ' - \  i i l t i l l v s t \  ( un i va ,  r i r l t l )  l i r t i l t d  t l t a t  t l t { r  t ! ' n t t

Q l ) i : L )  u i r :  nL r l  s i g r t t l i t : an l  i l t  l i t r '  5 ' , ?  J ' r ' c l .  t l r i r  t c | r r r  r l r t i t '
i i t l l  r r  l r :  a r c l i JdL ' r l  f r ' o rn  r r r l v  I l r  t l r r r '  : t n l l 1  s i r .  I  l r c  r r r r r l l i r i r r r . t i . '
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i . t n l

' t  
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i i r

i l \ \ r : , r l  t l r c  t r l r ' l \  (  l . r h i c  l l 1  s l r r . r i ' , : 1 h l r t  i l l l  c \ i ) l i u l r l i ) i \  \ i l r 1

i i n l ! : \  \ \ t r e  s t . l t t i l i i l r t r L . t l  l h c  j ' . i  l , : r ' c l .  l ' h i :  \ c i . l l c ( l  r lC \ i : i r l L : L :  \ \ i . l !
i i r J r r i r l  l o  r t \  ( l cq f cas  i . , l  i r L : c r l r ) r r ) ,  l t s  L l r r  t l L l i t s i . l i L r ' i i l r r r r x l  l r 1 t 1 t | r . [ t r l i
I t i i t l  hectr  i t r t ror lucct l  in  t i rc  l i t t i i rg I ) l 'ocL'ss.  

' l  
hc sruicd c lur ,  i . r r ree

i ! t u rm t t l  i i o r r r  j 1 . 0J0 .0  t o  14 . ( )  r r i t l t  l  l ( ) s s  r r i  I  I  , / / .  
' l h , :  

i l . r r r r
r l c ' ,  i u r r cc  c l r an rc t l  l r o r l  I , l r - l  i . ( )  L t i  l . { ) .

I J : r s t ' t l  o l r  t i r s  n l u l i r \ l r i i r l c  i l r i i i l y s i s .  t hc  I i r r a l  n r ( x i r l  i s

i\'la_'A

-  1 )  ( ) ( i . 5919 - l  Q \ iV l r r r "  
r t $ i  t l f r , \ ' l r r  

' { ) " { ' i  ( )N ,1n r | i ' l  6 ; 11 ' , t t  l s t ) r

L \ 1 , , . : - 1  
, \ l L I : l : l r  ' i r ' r t . r l r , i r r  , i , r ' r t ,  l \ \ r  r i r r r : , x l \ , , ,  r r . \ l l l ) \ r .  l 1 , ,  l . l

( _ l i

* ,he rc \ '1L 'A i r  n l r i tL)rcycle aucir lcnts 1;e l r . r :a l  lJs :  ( . ) .0.  ( ) . (J090. i

l n ( l  O . ( ) 20c )9  f o r  S I IDW:  l -  2 .  a r rd ,1 .  r ' c spcc r i r e i l ' : ; 1 , ,  :  ( ) . 0

i rnd 0 ()O755 tor  LL -  I  and 
'1.  

rcs l )e!- l tvr l \ ' .

P l,! {-'',4 1 I 0 ;\,1 {} I;'I' fi {.i }4 { } f ) ii i-

ln  Dt t le r  to t letenninc ; l l )  i lppt l ) l ) r i i l l ! r  in t r i \ 'g t I  l f ) r t  icvcl  for

i  unct ion t rcul  r '1reIr l .  f r i rnt ih '  usc sot l \ \ ' i r l  c  {  | igut  c, }  l  was \pecl  l  -

l u i L l l l  ( L i s l gnc r i  l ( )  c s t i r l l i t l c  i n ( ) t t t t eye l c  ; l t r : i ! l o l l t . \  i t l  . i l l i l c l l ( l l ) \ .
c rp tessu l i  i n  Pu | s t t r t i i l  i r r . j L t n ' ac r ' i r l t ' r t l :  { I ) l i \ r )  l } c !  \ ' c : l l . ' l - t l r - 'P I r \

l l r l  t h i s  c ru r i r p l c  w i r s  I  l 7 f i .  l J r  s r l t i t t : . :  l u t  x c ( c l l t xh l t  l ' 1 . ' \  l r t l i r l .

.1ppf0l ) r i i r lc  ( lss ign J l i t f l i l l t r ) lc ; - :  l i l r  th i :  j t tnr : l i i l t t  r tot l l { i  l )c  \ l rL ' t  i

l iud l  h is \ \o l r l ( l  l l l ( ) \ \  toor l l  l i ) r  ( : l1 l { inccts lu tk : t : i t lc  a l ) i l t ( ,p l i - r l t
( lus i !n p i r r i ln te lcr  \  l ( ) r  Iha . i r . r rct i { ] i ls .

I) i SC U S !; I { } N,,\ h' f) { { } itt'( l. {! S J {i !tr'

l - l r r :  p lcscnt  rnodcl  sul ' .Se\15 thxl  t ra l l ic  l lo i t  is  r iy t t i l rcar t l

i r r  r ' , rp lu in ing ln(r l ( ) r 'c \ : 'c [ ]  uc( : j t ic i l t i i  l t  l l l r ' t 'e- lcggtd mi. r i { ) r  rntr l ( } r

1r ' ior i t l  . jur tc l iorrs.  TIrc r tunrL:cr  o i  nr() lof r tYci t  acci r lcr t ls  i \  pr{)

prnr l ional  ro Ihc p() \voI  o l ' t r r l l ic  l lo \ ! 'cr) tef in!  t l rc . i r t r tc l i t ' ;n .  T l re

c\ l i i l r : r tcs t l l  QNN' lnr .  QNr '1r i .  Q\ ' ) r r r .  ; r r t r l  Qi \ ' ln  in( l r r i r tc  ( l ) i lL  iu l

i r icLctsc in nr t r l t rotr r rct 'c le t r rc i  molorct 'e lc  i lorvs on l l r l . j ( r r  i {nr l

t t r inr t r  t r l l t t l  tp ln ' t r ; . tc l tcr  i :  assrrc iatcci  r . l ' t t l t : r t t  i r - tc tcr tsr-  i t i  t t t , t -

lor iyc lc Jccr( lenlr .  l ;nr  r r ts t i r : r tc .  r iorr l l l i r tg n()nr l rof i r rc\ ' r ' l r \  o l l

i l  n l i l . jor  rotd is  e\Lreclc i l  lo  rncrctsc r )1ol( ) r ( - !c le aeci t lc i t ls  l r r

l l r r r r r t  I  ( r ' . i  .  i , ,h i lc  tkrLrhl in l :  r t r lnntol ( ) rc\ jc lcs orr  [ t , , r l l r  rna. i r l t  l r r td

rr l | ] | r r  | .0r .u is is  t -xpcutct l  l r )  ]ncr-e l rsc n l { ) fofc\ /c lc  l rceidcnts h\

lbor i i  l l11 l )oubl ing )r ( )1() f r :_\c le,s ( ) i l  bol l l  l ) ra i r ) r  ;urr l  nr i r )oI

rords is  expcctcd to incrcasc nrotolc)c le i l rc i ( lcnl \  h, r ' l t l tJr tur

i r r r i r tc l i ,  l - i ' i i .  I t ' l r l l  t l l i i i t  ru le lur !  th(  . iunctr( ) r t  w! ' r ' ( :  dor i [ ) t r ' ( i .

i r n  i r r c i f i r s c  o l ' " l . l r ?  i n  i no l o r c r ' e l e  i r c c i ( l cn t s  g ,oud  l s sL l l l .  l l  i t i s r r

rvas lbr . i l rd th l l  n\ ) r 'nr( l l ( ) r ' t : ,vc l r  i ' lor i '  on a nujor  r 'o ld lQNN{rnl
l i t t l  t l r r : .qrcatcsl  e i lect  i )n the plobrbi l iLy i )1 Inotorc) 'c ic  i tcc i -

t ierr ts .  I l  fhe|eiorc is  iLrsgesle( l  t l lx l  r l rot t ) fc1 'u i is ts,  on both n) l l io l

i r t r t l  r r r inor ' f { ) i l ( ls .  cr) tcr in!  i r r tL l  le lv in.q the. i t t r tc l iot ts  s l toulc l  p i r \

, . l1 lcr) t ion lo nol l t ) r l l ( ) rc\ ' t '  le  i l r t ru | , r r  i i  rnaj( ) f  I r ) l . l . l .
' l 'hu 

nrodcl  a l : , ( l  revdir ls  t l ra l  i r { ) l ) r ( l i rc i l  spced at l t l  l t l l le l i ' ) l l  ! . l t -

onrct f ]  { l i r l r ' j  $ , id lh^ nr i i l r t rur  o l  lanes.  uu( i  shuuldcf  $ ' id l i t )  i l r , '

s ienihcant  in c lcscr ib ing Inr) torcvcle acci( lc l r ts .  T t rc cs l i i t t ; . i ic  i . r l

Sl ' l : l l [ )  rx l ] lx ins l l t i t l  an i r tetc; t :c ' i t t  i tpproaul t  speer l  is  as>oet '

otc i l  wi t l )  urr  incfc i tse in nrotolcycle i iec ic icnts.  l ' ' t t r  i t ts l i t t tcc-  l tn

inclc lsc in approacir  s l lcr t l  o l  l t )  kr l r /h is  espeetet l  {o iuctr - . r ' .a

nrotr) rcvclc xccidents by about 26?.

Thc  es t i n ru t cs  o l - 1 . \ \ n r  l r nd  LWr r  i r r l ; l l  t i r i r t  r r  r r i de l  i anc

is i issociatcd r i , i th a rer lucl io | l  i r t  nr{) ta)rc. \ ' 'c lc  rcc id( :Jr ts.  IoI  i , r -

s larea.  u, ic icnurg l rurc '  orr  r l la . i t ) l '  i l l l r l  r t t inor  r0at ls  i r l  t ) . -50 rr  is! i g U r e  . 1  1 ' ) i r i l  { \ r l l r p l r
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r ' \ l tcule( l  l ( )  tcc l tLfc l r roLorcVclc i lcc i { lcnt ' i  [ r \ '  l rbOLr{  5! , i ,  anr]  .1. .5 '1 .
l Lrspcdl r vc I \',

i V i r a r r vu l r i l t -  i he  r : : t i r r r a t c  0 l ' l .N r i l  i l r ( l i c i l t e s  l l r i . r t  r r n  i r i 0 r c i t : c  t t t
t tu! t t i ' tcr  o l  lancs ol l  ; t  r t r i t jor  road is  ; rsstrcr i lhrd \ \ ' i th  i l  t ( : ( luc l ior i
r i l  nro i r . r | t_\c lc. rcr ider i ls .  l luueVer ' ,  the c! ' lec l  o i  th is v i l f iablc ( ] l l

nro l ( ) r \ r \ ' \ ' l ( :  uccic icnls is  l r lur ,g inal  1{) .7-1! , i } . l 'he {)  7J9i  re{ lu( ' l i ( } , r
in i r lo lor( ' f r lo i rc t i i lents is  pxr l rablr  drr t  t r ,  l l r r  i ) tcsul l r ( 'o l  t i lc

e rc lusi l 'e  lLt rn ing la l rcs on i l  nr l jo l  l - { }u( l ,  ls  2.1 o l  thc . l6. juuct iut ts
\ \ , . f r ' lurn ishe( l  rv i th e rc lusiVe tu l ' i l i l lg  1 i tncs orr  cae h r Ia_joI  road.
' l  

1te J>rcsct ter ' { ) l  sLrc l r  i : lne\  i r r - rb l tb l t ,  rcc iLtcct i  rc t r :L-r ta l  l lcr i ( lenfs

l l  l \  r ) l \ r l l l ! l  l l  t ( ) l O f C \  L  l C \ .

l - h r ' r ' : i i n t u t c :  ( i J -SF l l  ) \ \ '  t n c l i t  a r c  l hu r  \ {  i ( j e f  \ hou i ( l e r s  i t i t  i t t
\ r ) L l i i l c ( l  | r ' i 1 l t  l t  r e t i r t c t i 0 r t  i r r  r t t t r l o | c ) ' e l r  l i c c i r [ * n l s  l a r f  i I s l i i r t ( : r : ' ,
: , r r rLorur c!c i t ( r ' i ( i r ' i r l \  r r t  . j t lJr r ' l iL)r l :  $, i l j rOLt l  s l t0t t l t lc t :  * '9r ' t  ahot t l
l .  L ' ' i  l r i ! . h c l  l l ' t ; u r  t l i r ; r t  i r i . i u r l c l i ons  v , , i t l r  shuuk l c r s  $ , j r l c f  t h i u t
i . l ) i )  11 .  \ r i 111 , , , c vc l c  i l c (  i d t i i r t s  l l t  j un ! t i ons  r  i l h r r u t  s i r c r i l c l c r s
\ \crc a i )eul  { - }  L) ' ;  l r i t l re l  t l r : r r r  t i rosc i r t  i ru lct i i ) r }s \ \ i i lh  ihr)u l ( l t . l

*  j i i thr  ot  b, , : lu 'ecn l ) .0( ' )  t r i  iL t rd " , :  1. (Xl  nr .  l 'he l inc i ing see ins pl i l t l -

: ih lc  
" inc, :  

nrotolc lc l is ts ut i l izc avi r i l i rb le shoulr le ls r ls  i t  t rnvel

; . ra l l r  u ' l t r : r i  i l l l ) r ' ( )acl r ing Lhc j r . rncl ion.  - l  
l t is  is  cort t r t torr  i r r  e, rLI t r

t r ics u, i t l r  a h iq l t  pt rpul l t ion ol  r t tototcr 'c lc5 such i r .  \ ' la l i t l 's i ; . r .  I I r

t l t is  s i iL[ t t i< ln.  thc r l r tcs ot  reur errc l  or  s i t lcswiPc i rc( i r lenl  ty l ]cs
l r i ' l \ \c fn r1. l i ) l { ) ru. !c l ( : \  (ur  t l }c  \ l ro| l ] ( l { i r  i i l i r i  r , r l l tcr  \c l l ic lcs o i l  thc
\r . i i \ '  l l i lvc l r ' t i  i l tc  l r I ( )L) l tb l - \ I  rcc lLtcccl .

i l i c  r r r o t l c l  l c \ , ! : i r l \  { h i i t  i au r j  usc  i s  s i gn i l i c t n t  i n  cxp iu i n
inr  ;nol{ ) i \ ' \ ( : l r '  . r r : t ' r t ler} ls .  

' l '1rr  
cs l iuntc r r i ' l - t . l  indicutes th i l t  i t t -

f l . c i t \ ! t \  l r l  a t t i r r i t i t s  t n  l l t t r t l  r , r . . r ' i l l  - l l i l r \ t r i ) l r \  i I | 1 ' , t \ i U f i ' . 1 { c L l  $ l l l l

r r r )  i i r e i c ; r : , .  i i r  n t o l o | c 5 c l t r , t f c i { l c i l 1 r r .  l l i l r v t : v c r ' .  t t t r :  c l i l l c : i t t r , : t :

r r r  c ; r1 ' rcc l i ' r l  i l l i , ) to r { j vc lc  i l cc ide ' t l s  l ] t : l \ \ r : c l )  l l r cs r :  t r . vU l i i l t t l  i t s t :

r . r tusor - i { r )  i l i r s  n rar ! i r r i t l  ( (1 .76 ' . i  ) .  T i r i s  i s  p l r 'o l r i rL r i r  c l l t c  to  th r :

l r t r r c t t c a  r ' r l  l c r : c s s  r o u t l s  u , i l h j r t  - i ( J  t : r  l l  t l r t r . j u t t t l i o t t  s l o ; :  l t t t c s

i i ) r ' sL i ! : c le  r l  . iL lnc t io r rs  loua lcL l  u ' i l l r i r i  cornnrc r r i l l  a rcus .  , \ s  s t tc l t

t l r c  i l t n r r h i : r ' o l - e o r r l l i c t s  L r c t w c c r r  l ' c h i c l e  , ;  e n t L r r i n g  r t r  l e a r , i n . g  t l t c

t l l | 1 ( : i i \ ) n . i r t t i  v r : l t i u l t '  l u r r ] i r ] g  i r 1  ( ) r ( ] i l 1  l o  l i r t  l r D r l  l l s L l l l i l \ r  h . i V u

l ree i t  lOr i . .  thus  Ie { . i i ra l i lg  l i c r  idL :n ts .

l l l r sed  on  ihc  i i l rL l in r . t : .  thc  l i r l l ou , in !  L { )nc iu : i io t l :  t t t i . t }  l l c

! [ l t \ \  1

!  .  l  r ; r i  l i c  l l o u  r r  r i : l l t i l i c : l , r l  i n  r ' x l ) l i l i ! r i r 1 g  r r r o t L r r u _ \ c l c  i r c e i d r : r l l \

: t l  t h r l (  l ( : ! g f ( i  r l : i j o r  r r r i r t r l r  l t r i o r i l i . l t t r t c l i r . r r t s . ' f l t c  l t t t t t l b e t '

( ) L  n r \ ) t o r ' . : \ c i f  i r ( i  ! r l c l t ' r : .  r ' i  I f o l l ( l 1 l r ( ) n i l l  { t l  l l l c  L l L l u ' e t  t l l  ( r i t { l t t '

l i r i r ' , , r r r r l c r i r r g i n t r r ' , l r c . i r r n c l i r l r . A n i n ( : e a \ c i l r n r o l o r c y c l e : t n t l

n ( ) n r ) t { r l o r t \ ' . l a  f i ( r \ \ ' \  d n t e r i i l !  t l t c , j u r r c l i c i r  i s  a s r o c i a t e c l  i r , t t l t

: l t t  i i r t rc rLsr :  l t . l  I t ( l l ) l ' i : , \ ' ( l c  l rc , - i r i c t r l s .  \o i l t ] l ( ) l ( r i c . \e ic  l lo \ \  i ) t l

r i l i r ' 1ur  r r r i l i  hu t l  t l re  h rghus t  t : l l i ' r ; l  { )n  l  l l ra  J r ro l l I t t i l r l r '  o l '

{ l l o i ( } l  r \  c ic  i rCc ic lc l t t s .

- r  A l l l l r r ;uc i r  s l tec r . l  o r r  : t t r jo r : in t l  in inor  11) i l ( i  ln l ) i1 ) tch ! : \  i . .  s r i i -

r i l i u . l t t t  t r t  r : t \ l ) l i i i r i i r ) - "  r r r o i o r c r , c l c  i t i r ' i r l c t t l s .  , \ t t  i t t c t c ; t r r '  t t t

i t J rP fo i l c l l  s l ) \ . ' ! ) r i  J )  i i s r ( )c j i iLL) ( i  \ ' i l l t  l t r r  i t : i : r ' c ; rse  i t l  t l t t t t0 t ' c .1c lc

r t c e i t l c r i l . .

I  iL r r r i  L io r r  ,Lc ( i l l i l i l r \ '  , lu r rc  , , " ' i r . l th .  nu t ' i l hc f  ( } l  l l rnLs .  i r . ! l ( l  \ l ro l . l l

r l i r  l r  t , l t l r :  i s  s r L l : t r l t r  r r r r l  r r i  ,  r p i l r i r t i n l l  l i l i ) l ( ) f r r , \ c l ! '  l ( t t t k : i t l s .

\ \ ' i r l r ' i  i e r r c : .  i :  ! r l i r i ( r r . r r t r r r r i r i ' l ' o l  l l t i r c s .  i r t t t l  i t ' i t l . : t  r l i 0 L t l t l c r s

; : r ( '  , l ! : i l i r i i . r i r ' a l  . J ,  i l l l  i i  r c r l l r i  l l ( r t t  in  n t ( , r0 fc \  c ic  i t c !  l t i c t t t \ .

r  I  . ; u r i l  l l i '  1 ) l  . i r n ! l r ( ) l l s  i s  l i l L r r r r i  t n  h c  s i l n i i i c l r n t  i n  c , i p l l i n i r t g

n r i ) l i i r i  \ ' (  l a  i r \ ' \  i r l i ' t i l ! .  ! 1 ( ) l ( r f r \ , { - ' l c  . t c L i ( l L ' r t t s  J l  i u n e l i ( } n s  l t ) -

uatcr l  ' " ' , ' i th in conr l rc lc ia l  urea\  i t rc  l r ighi : r ' than f l tosc ktcalcd
u' i th i r r  n<>ncolrorefc ia l  i l teas.

I 'hc prcthct ior t  lJ l ( ) ( le l  I las becrt  c l t :vc loped t i , r  mol9rc1, 'J19 ra,
c idcrr ts l t  th l t )e- leggcd nla i ( ) r -nr i ! r ( ) l  pr i r l  i tv  junct ion\  on urbtrr

roa( ls in N4ul11's ia.  Basccl  r ;n t l re l r rot le l  developcd in t l r is  stLrdy.

lpl)r'oi,)riiltc ciesrgil f)aritrnctcrs for the junctrons c0ulcl Lrc tJcler'-

nr incd lbr  i l  g ivcn uLl t -of f  lc-vel  of  n l r r torcyclc cocidcnts-  Jhc

clcr ; is ion \ \  hethor to a l lor ' '  r ' l ' ro lorc\ ' 'c les to ; rass Lhrough a jurr t .

l i r rn u, i l l roul  l r ' 'J i t tncnt  o l  t l te l t r .cr l  l i>r  spccia l  er ld l rcatnrenl  l ( l
nr jn inr izc n lotofcvcle uonl l ic ts at  thc tunct ion tSha.hlom,20{)- l t

colLkl  l ru i l l ) ject ively earr ier l  { )ut  [ rasct l  on th is rnodel .  ] lorvtver.

t t i is  rntr t lc l  mrght  i rc  val i t i  tor  only a typical  ut ixecl  t l i r f l ic  envr-

ronnlonl  in devcloping cor-rnt f ies l ike N4nl lys i rL,  rv i tere thc pI0-

por( ion ol  ruotoreyclcr  c()nst i lutc\  2-5C, i  to -109i  o i 'a l l  vchichs

r r s i r r !  | | r 1 r ' e - [ : gged  l r t i t r t r t r  j u t r c t i t l t t s .

lt C K N {}\Y LE l}ti l,I E N T S

Ttris rrticlc r(ports Frrt ol lt stucil' !:ilnduclr'd urdcr an I11['A PIoit'cL titicd
llu!cl('prrenl of IJcsigo Criterir rnd Slrrnrlrtnls itr lt' laluvsiarr Nlrlorcvc[: l-rnc.
i i i r u r r e i a l  s u p l x r r l  i r ( ' r n  L j r r  \ l i r i i t r v  r ) i  S c l ( ' r c s .  l i ' r h n o l o g v  u ( l  t l t l v r t ( r n r i r e n l

iU,t l r !s la i \  grnlci i r l ly rc l i Io\ \ lc( lgcd. l - i ] i  IUthi)r . \  thrt tk lhLr l {o!aMair l ,srrr i

P o l i c r  r l d  t l r c  H i g h r v r l  I ' l u n n i n l t  i J n i t .  i r L n i s t r l  o i  W o r k s .  l r { a l a y s i r .  f o r  p r o

v i r l i r r l  t l t f . l i i l : i .

Jl/i/jlttiJirV{lli5

, \ l l r r n . . 1 .  l ( . .  l l r r l c r r .  f v 1 .  ' \ .  r  l t l ( , ( r t  l \ . r l l f l t ! f  \ ' l t r t l c l s  l i r r  t { o , r ( i  i \ ! f l r l o i l l \ . r l

S i g r r r r l i z t l  l r t L r t s t u l i t t u . . / .  i ; 1 / . t . f  l r ' r ' r . .  V t r l .  l l ) .  l f t r  l .  p p .  I - i - ? 1 .

{ r n r l t .  ( 1 .  K . .  l i 1 } u l b c c l .  i t .  1 .  (  l l r l i } i )  l l c l i l l i d n \ i 1 j f  B r l w e l v r  I ( 0 u n d a i r { ) u i  ( i . "

i r n i ! t r \  i ! r ! i  i \ c ( l { 1 ( n 1  l < x l t \ .  / ' , |  / r i l  \ 1 r i t 1 '  l l i t i r t t r t ' ,  O t o t u t t | i ,  O r ' r i ! i r

I ' t  t t  t i t  t : , t .  p 1 r  2 r -  l - 2 l i -  I { r .

Urrcr,  l { .  \1. .  I l r rroud. t . ) .  \ \ ' .  (2( i lX)} Srrr t i . r rr i l r l  i \ lo l( l t  t l  . ' \ t - ( indt '  i I t ,  t

\ ( i  r r , / r  , 1 (  i  r / r / r r \  : \ d i c t t l t t n r ,  I t u l r l i t r t i 0 r t  N o  F t l $ : ' , \ . 1 { i )  t i ( / - { l ( l ' 1 .  l i t { i r r . r '

I  l i ! ! r r , a \ '  \ ( l ! i r r r i \ t t l i r r r r .  N 1 t  L . c a t i ,  \ ' i r ' l i t t t l .

(  r : r . r r r .  l J  I  l ( ) ( - , t ) )  \ 1 ( l t ( ) r ! : y L l r ^ . \ c c i r [ ' n t  l D \ ( " \ l l { r t i ( { ] s  ( ) F l (  l l  R S 9 ,  I ' r L , r  
- i t : i ;

. \ t t t  u, t  I  )  l . '  ( !  i  n |  7 t ' t t t t . t l t t  t t  t  d t  i , ' t t  [ l  t  s, '  t r i t  J l  t , t t ' t .

i ) r l ) i i r l r n r r l l  o i  t l t c  L r r r I i r o t r t n c I t .  i  t r ] ] : 1 . ' r ' l t  x t ] ( l  t l l L  l t L i , ! l o n s  ( l ) L l i  l { l  L  l ' } ! ' ) '

\ , / / r t ( , , ( \ r  / r  / i f l r r / . , \ L I i t l r t r \  ( . t t t ( t l l i l A r l r  / 9 9 f , | { ! } r d C t l s i r S i a l t s l r t : .  l i t t n .

I r { ) r  t  S l i l t i s l ' c \ ,  D F , l ' R ,  l . , o r r r l o n .

l jcr lurr l  ( l l i icc {r l  Roir( l  Sxlet} '  (FOItS).  (  I999) l lo i ld l l i$! ;  {rn Solt t t ,  ! . i t t ' t i t t t i

, i l / r ; l r a l y t  l r s t . r ,  N 4 r r r r r g : r a p l r  l T ,  A t r s l r i l i ; r r t  l ' r a r t s p o r t  S u l c l v  B u r . l u r , . { t t : t r r l i r .

( l r r l r r : , . 1 . C . t 1 9 9 7 ) C f f t r t ' j o l S r B f l i r l i / 1 1 i { r n ' r t l l b u I ; \ r t t t t i t l u r J r r n c t i r t t r S r : l t i r

, \ c t i r l  A I u l  P r o . .  \ t r l . 1 9 .  l ) p .  l f ' l - l ( ) l ) .

i l i , : h r v . i - r - P l i u r n i n p g n l l l l l l ' l , i ) . ( 2 { } t ) l t ) ( i o l d r n l l t v t t  I ' t r t t 1 ( | t ' i l ! (  t i l t r x S ! ( i t ! ( r r )

t \ t t t t tu l  I lcp<u t .  Nl i r t istry , ; i  Wrtr i ts.  Nlt lu l 'srr i .

i l i g h \ \ , | \  P l x n r l i n g  l - l r r i t  ( l l P t - i , .  ( l ( l l l l l t l  i l r r r ' l i r  \ t , l t t ) t L '  1 4 i ! . r \ f  i .  D t , i j r ' t t , t i

I r . t rx7. l \4 inir l ry ol  Worl is.  l \ lx lnysin.

I  l i l l s .  H .  1 . . .  H r g l u l e l , ,  t - .  . 1 .  (  |  ( ) q 3 J  A c t i d c r ) l  D i r i r  ( : o l l c c t j r n l  i n ( l  A r r l ! J i . ;  
' i  

l r .

[ . isc of \ ' l icr i rcort t lute r  Packxgc N{i \ t \ l ' in I : ive ' \ \ i , rn Coui l l r is. . . / , ) , / ] .  {  r , r i , /

) , v t |  R ! ) u r [  \ . / / . f r  / L ' 4 / i - S  q J l ,  
P p  : 1 -  l r r , 1  i t .

l r r r l i l u l e  o l  
' f i i L r ) s p ( ) r l r l i o l  

[ ' r t l t t t c c r r  t l  l  I - t .  f ] t . l i l t l r  l t 1 \ l t t t t r (  t . i l  l  r t t t r . : l l t  t . t t i '  ,

l :n.qrrt t rr :  ,9, l t t1 , \ ,  r ! ,ui  Plutt ,  l1 'F.,  Washinglon. lXi .

I ' i \ t i t 0 { c  r ) l  
- f r n i r i l ) r r i l a t i ( i r r  

[ i r t ! i r ) c r r ' \  ( ] T F ) .  t ? - l l 0 ' : i  N . t t i ( t t r l  A ! e r . l i t  l i n  i r r l c i

5 e c t r L l r  S a { c l \ .  l ' r c l i n r t r i u y  l - l r l i t  l l c r o r t .  I  I  l ' , .  \ \ i l s l l r , r l i n r .  I X '

\ l , L l r r r e l ' . ( i .  l i r l l , R . r l 9 S . l ) . l i ' / r / r t i t t ! l ' i ' t t t . \ t l t l l r t L t t l u l , i t t : .  i { r ; ) i r n } . r r '

L l i  :  l l ( 1 .  l l t R l -  L r o t v t h t ! n t .  i j t 1 . ! l r t r r d .



\ l ( ' l r ) l { r  \ (  L . l  (  r , l  \ s t i l :  \ .  1  . j l  \ (  . l ( ' \ . \ l6r.l

' . 1 . r  . j '  , , 1 .  .  l '  \ 1  1 , t :  r  i  \  I  l , r S  ) t  a ; ,  r r , , , , r .  , , j  l . i t t r , t t  I l , , r i i ; ,  |  ' i l , :  \ , 1  |

{  r r 1 1 ,  r ' , r t i  i r t i i l  I  i , , 1 1 .

\ l r ' 5 t r : : r r  i l  l t  l { f , r ' "  l i  l f , i ' t r . . t r . l ;  \  I l i ) t r i r t  l : , t i l t i  l , i : i t t r . r i ? i r j  . l n , l f , l  r

; ' r ' : ' 1 . ,  1 i . , i i  \ . ' ' , . . i r ' : ' , r .  l l ,  I  i i ,  l . l . ' :

\ i r , , r r r  :  l ' r  l r ) t . r l l  l l r !  i i r l i t t i o l r , i r r i ,  l l ( - l \ L c c i l ' l i l ( : k , \ ! ! t { l ! 1 i l \ , r ! c i r . , u L r r , r i . : . , r

l ) r . r : :  o i  i i r , . r L t  f i r L r r : t r , .  l i r r r r r r ' l  \ r . r . , r .  \ e r , L r i i r :  I I L : r , r : l r ; r l  i . l , _ . : r t r r r l : r .
' r r ,  ; , .  \ r , r ,  / ) ,  .  \ , ' i  i r r  1 ; 1 ,  1 , - 1  i  . ; L  l

\ l , L r i L i . l i r ,  I  I : l r u  r r .  I l ,  t . l ! : ! 1 .  i )  I  l \ l r ) 6 t  , \ L r i  i i , . . I t  P k r l ] . i r t r i r  \ l r \ i , , i .

r  r r  I { i , . i t l s  n  t t  r  \ i l i t ( r :  - i t r r r r  i t r r r r r -  i r  r  r r i  \ 1 , ; /  . / ' r r . r . .  \ i r l  r !  ( . r j  ( , \ i '

t i  ) l

\ r : r r t . r r . .  i  i t . r l , l  \ i  l : r r , r u .  I l  r l L r o i t r  l l t r ,  l o l i r r r : l , r ' r l  i n . r , r l , r r r  L .

i l r , r , 1 i .  r i l  \ ' , , r - i t r i l .  , r t  l r L r . . t r  ' , . .  \ ' , , , i  l i , , j r  / . ' , r ,  .  \ i ' l  1 r .  1 : 1 r  i + l

\ . i l r r i r : l ( i r , | : r : ! 1 i \ r r l i t i t l r r . i l \  l { r . a ; l t r ' l l l , r i ) r l i l l I i \ ( : l j l t l , l  t : ( l l t i l r r , r / i r / r r i , ,
i , , ,  r . , i . i r i r i , I r , r r L , , ,  , , j ; i , ,  i , t . \ i ; . l t ) 5 r r t r l r . l r i  l / r ( i r r ! r r  . \ t l ! t \  l , ! , | t . I ' J t , i ( l

l , r .  ' ' r  i r  /  i  l l . / i i t l .  l ' r r r i \ l t ( \ ! t . r 1 l r , , r  l l ( . \ f t r r ! l t  l ' o . l f i J .  \ \ l i , i h ( r s i r , | .  l ) t
\ r , , i r L j r , . L  l l r ! , 1 ! r r i r ,  l l : l l t i ( S i t l i r t \ ' \ 1 1 ! t i l l l \ i r . l l t ( \ | t f t l l l l i , \ r  r l l l l ) l l l ' r , r : / 1 r  \ r l , l r

1 { ? , ,  ' , / i ) i r  \ / ' , j ' , i , . r i i , \  l { r i r ( ) r 1  N o .  l ) { t ' l  l l \  l ( ) ! '  l l ( ' .  \ i r l 0 l i l  ( r ' I i ( . 1
-  ) j . - l t : t t t \ l i i :  l u t ( l  . \ r L d 1 , ! \ l \ .  I  . S  l ) q p t r I r t r r . ' I t  0 i  l ] i i i t \ i x r i l i l t i ( ) 1 1 .  \ ! i t r i i l l r ! l i I l

\ , i l r L i r i r l  . , \ l ! r ) l r  i n t  r - i i r ' u J :  t \ , \ ( l r  i i , J r / , l i  7 l i ,  ( i 1 . 1 , 1 , /  r r r r r r , ,  l t L l t t t t ,  t

l / r l r r r : i , r l . l r t L l  r L l  I  L t l  [ J .  l . r t r I r r .  I l  { i r u t r i .  ( - .  i ) i l t r r e  (  i t : r r : r r i i , r 0  i , r c . ' .

\ , i i l r ( : ! . , r 1 . \ l l r , - r i r { i r 1 r t i r r r t r I i \ . . \ ( i t  i l 9 ( l ( r r ( - 1 i ' l l - i  l l t , r , , L i i t r t t t t . l l , u i r t . t i .

l l r , / , . , , ' .  - 1 .  I  h L  l i o r r i  \ i t i t t ; i l i ' . : t l  S a , r r 0 l , r .  {  l (
l i i r , r / L i , ' ( r , i n  { , 1  l . r ) L r , r , r \ r f  C r . r r i r r t , l i r . r r . r t r . i  1 \ . r . . l r r p r r r e t ; L  1 t ) l (  I ) r  t i r ) ( ) : l

l i , r t r i  l t , r , i r r r : ' i  l i r \ r ' L i t . l t ,  l t ' r t t t , l . \ L t l t t ,  l ' ' t t t , t l i i r t , t r , / , 1 / r , l r , i  '  / i r r r r . ; r  r , 1 ,

! ) t t , t t l i t r '  l ' t r t i ! t l \ t  l i r r i , r r , , / : i i t i , k , r r r ( r : , r r r . , r i r i , r r r  l l r t i l i i  l l l l t l ) N , r
r { J  l \ r . \  i ) l : (  I r  S . r . ; t i l l i ,  L r | c t r  ( i r i : t r l  l , l r r l r .

i ' i ' 1 r . ,  l )  l i  r  N l , r i , i I s : . r  r l ) l ) R \ j r  ( l { n J : . l r  S t i r t i \ t i , r ! J  l l e | r , r r r  i { r r r r r t  \ r , . r . l c n t s
\ l . r i . r \ \ r : r  l l l l J ( 1 .  l I r i l r ,  l l r : r t r ' h .  l { r , t ; r i  \ l r l r r r . r i L r r  l r o l r r r '  K r r r r l . r  I  r | | l r i r r

\ l l r l ; L r . r t . L .

I ' l . t i l r r  l i I r r r .  l i  \  I ' r , i i ] i  \ ! c i ( i . I l  l l i t , r : | , r s t r L  S \ i t c i l l  \ v l t h  t r u c L r l  l i , : l i : : r

. o L  r r  \ 1 1 ) t r r ( \ i j (  , \ ( i r j 1 e l J l .  : |  \ l r l r \ . i r , r  l ) i . r l  , l i : r f r L . i i r , , ! .  I  r  r \ - . r : , l l \  . r l

l J r n r r r n i : h a r r r .  F l 3 i r r r i i .

l { , r l r : r l  l r r r  l i  S  \ l r t t u i l i ( r , . l r r . \ l  ' r n r i l u i L l l n  . \ .  l l i r r . i , - \ r i i ( l c ' t t l ) r , : { l t r ' : j ,

, r t r l  l  r i r l i r ! f i ) :  \ l r l l l l  i r r  \ 1 : r l l [ ' , r r . ! \ t t ' u t j ! - . t . l  t ' t  i t r i : t : i , i .  \ t r i .  |  \ , '

l r i l .  l l i  i i l

l i r r r l r r l , i l ; r . l t  S . . \ i . r r i . r n . a j  \ l . l l r i t . . l l  L  { l ( i 1 ) ) i l ' r r i t r t r r r r l r r r : i r r r u j r - r s r r :

l i r . l l " r r c  J , r t r r r r r r l ,  I - , r r , . : r l , r r u  t l : .  i i f r j c ; l l  l l i l h r L , i i  l - - 1 , 1  t i l  S l i l l r , \ l : r j r !

\ 1 , r l , r \ , . i . r .  /  , / . 1 , / \ \  l i r . ,  i . i l l  l r )  i \ r r  l .  F i )  { . r 1 . - ' ) i l

l { r r L i r r t  {  r r , r r .  I l  t  \ l : r , i - : : r  ( r  \ i ,  l l r l l r  l t  L  i l 0 i i t J i  \ l r r l r r . , r i l r r . . \ r , . r l r . r '

r t l  i \ : o l , r t ( \ r j r  \ r ' i  r ( l r | { \  , i i l l  l i l I  l  , l ! t  L  ' r l  i j r c J u s i i t  i \ l r j i ! \ i r \ r ' i L t  I  . i l t f \  r I

i ' . l . r l r r r . r , L . . /  i  , \ t t t r  l ) t ( '  l t i . \ ' , . t ' t " ; i  \ r ' l  . ' .  t , t r .  I  I  i
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