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|=yQ=}at R= |m} xJ}B |x} Q_v "CU= xOW xDN=OQB |R=wt |O=R; xHQO 4 |=ysR}v=mt R=
"OwW|t xO=iDU= =ysR}v=mt |=yxN=W RDvU w |O=R; C=HQO u}}aD |=Q@ xm CU= |DmQL

l} w |v=QwO |DmQL |O=R; xHQO xU pt=W |DmQL |=ywor= |=Q=O xOWRDvU |=ysR}v=mt
|O=R; xHQO wO w |v=QwO |DmQL |O=R; xHQO wO '�3R1T� |r=kDv= |DmQL |O=R; xHQO
|DmQL |O=R; xHQO l} w |r=kDv= |DmQL |O=R; xHQO xU w '�2R2T� |r=kDv= |DmQL

"OvOW p}rLD xJ}B |x} Q_v R= xO=iDU= =@ xOWRDvU |=ysR}v=mt "OvDUy �3T1R� |v=QwO
=ysR}v=mt x@ \w@ Qt u}@ wm =S T} QD=t w OW |UQQ@ sR}v=mt Qy |DmQL |wor= TBU

|DmQL |=ywor= w |O=R; C=HQO =ysR}v=mt xm Ow@ u}= |xOvyOu=Wv =yp}rLD "Ot; CUOx@
u}= pw@k p@=k |DmQL pqkDU= |xOvvmu=}@ u}@ wm =S |=yT} QD=t "OvQ=O =Q Q_v OQwt

"Ow@ =ysR}v=mt
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xtOkt "1
u}= x@ RwQx@ RwQ w OvDUy |Dw=iDt |=yOQ@ Q=m |=Q=O xRwQt= |R=wt |=ysR}v=mt
p}=Uw [3]'|R=Ux}@W uwJty |}=yxv}tR QO =ysR}v=mt u}= "OwW|t xOwRi= =yOQ@ Q=m
w [6]|mWRB |=yC=@ Q [6]'|Q}oxR=Ov= Q=R@= [5]'l}DBy p}=Uw [4]'u}@ QwO VNQJ
'xv}tR Qy QO xm CU= R=}v wQu}= R= "OvwW|t xO=iDU= [8w7]wQm}t w wv=v |=ysR}v=mt

"OvwW |L=Q] w RDvU |}=ysR}v=mt OQ@ Q=m u; =@ ?U=vDt
xHQO 6 |R=wt |=ysR}v=mt |wQ Q@ 'xOWs=Hv= u}W}B C=k}kLD w C=ar=]t QDW}@
|=ysR}v=mt Q}N= |=yp=U QO =t= "CU= xOw@|}xLiY|O=R; xHQO 3 w|}=[i |O=R;
xHwD OQwt R}v CU= 6 R= QDtm =yu; |O=R; C=HQO O=OaD xm 7OwOLt |O=R; xHQO
|=ysR}v=mt xJQo = xm CU= p}rO u}= x@ =ysR}v=mt xvwou}= x@ xHwD [9]"Ov=xDiQo Q=Qk
=yu; |oO}J}B 'O=O Q=Qk xO=iDU= OQwt =yOQ@ Q=m QFm = QO u=wD|t =Q |O=R; xHQO 6
C=HQO R= |QwQ[Q}e xO=iDU= u}= Q@xwqa [10]"CU= u=WxOQDUo OQ@ Q=m |rY= `v=t
|=Q@ xO}J}B pQDvm sDU}Ul} x@ OvtR=}v sy w OwW|t |SQv= hqD=Ea=@ sy '|O=R;
|O=R; xHQO 6 |=ysR}v=mt =@ xU}=kt QO =yC=@ Q u}= 'u}=Q@=v@ "CU= |}=yv |QHt
|rQDvm |wor= 'QDtm CN=U |xv} Ry 'QDxO=U |m}v=mt Q=DN=U uwJty |}=}=Rt |=Q=O
|O=R; C=HQOVy=m 'u}vJty [11]"CU= |QDW}@CmQLCaQU xH}Dv QO w 'QDxO=U
,=Q}N= 'p}rOu}tyx@ "OwW|t |O=R; C=HQO Q}=U |DmQL |xQDUo V}=Ri= ?Hwt
x@ R=}v 'u}=Q@=v@ &CU= xOW QDW}@ hrDNt |=yOQ@ Q=m |=Q@ =ysR}v=mt u}= x@ V}=Qo

"OwW|t T=UL= xv}tR u}= QO j}kLD w =ysR}v=mt u}= RDvU w |L=Q]

QDq=@ |}=Q=m =@ C=wO= R= xO=iDU= x@ R=}v '|SwrwvmD w CavY uwRi= RwQ OWQ =@ xRwQt=
=yC=@ Q x@ V}=Qo 'wQu}= R= "OwW|t T=UL= V}B R= V}@ 'QDW}@ CkO w CaQU w
w OvDU}v |vFDUt xOa=k u}= R= R}v 1|R=wt |=ysR}v=mt "CU= Q=}U@ =ysR}v=mt w

"OwW|t QDW}@ RwQ Qy OvQ=O xm |}=y|oS} w Cra x@ =yu; x@ V}=Qo
|QHt l} R= xm CU= 2|O=R; xHQO OvJ =@ |tR}v=mt '|R=wt sR}v=mt l}
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|=ysR}v=mt =@ xU}=kt QO |QDW}@ uRw x@ wQ}v ptLDC@Uv wC}@rY 'wQu}= R= "OvQ=O
|QDW}@ |=y?=DW wCaQU Ovv=wD|t |R=wt |=ysR}v=mt 'u}= Q@xwqa [2]"OvQ=O |QU
5|Q=m |=[i QO C}OwOLt '|R=wt |=ysR}v=mt ha[ u} QDsyt "Ovvm ptLD =Q
=yC=@ Q u}= xmv}= ut[ "CU= |m}v=mt CqN=OD?re= OQwt u}=Cra xmCU=yu;
u}mD |=yC}akwt QO w OvDUy |OOaDt 6u}mD \=kv |=Q=O OwN |Q=m |=[i QO
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RDvU|wQ Q@ |} wWm |=ylQLt |=Q=O |O=R; xHQO 5 |R=wt |=ysR}v=mt R= xwQo l}

[35]"OW x�=Q= 2010 p=U QO R}v 'x}=B
|O=R; xHQO 4 |R=wt |=ysR}v=mt RDvU x@ uDN=OQB xr=kt u}= |rY= |Qw;wv
u}= Q=DN=U QO "CU= xJ}B |x} Q_v w |]N Cq}O@D |x} Q_v ?}mQD R= xO=iDU= =@
CU= xOW xDiQo xQy@ |}qwr p=YD= 4 R= pmWDt |=y18Q=ov |R=wt R= =ysR}v=mt
=@ u}vJty "OwW|t x�=Q= |O=R; xHQO 4 |=ysR}v=mt |=Q@ |v} wv |=yQ=DN=U w
|=y|Q}ojDWt uwO@ xm OwW|t xDN=OQB =ysR}v=mt p}rLD x@ xJ}B |x} Q_v R= xO=iDU=
"OwW|t pY=L sR}v=mt u}@ wm =S T} QD=t 'Twmat |m}D=tv}U CqO=at R= xO}J}B
xDN=OQB xOWRDvU |=ysR}v=mt |O=R; C=HQO |DmQL pqkDU= |UQQ@ x@ 'u}vJty

"CU}v Q}PBu=mt= xJ}B |x} Q_v R= xO=iDU= uwO@ xm |Qt= &CU= xOW
Q@ sm =L j]vt w |]N Cq}O@D |x} Q_v K}[wD x@ swO VN@ QO w xt=O= QO
xO=O xJ}B |x} Q_v x@ `H=Q |D=L}[wD swU VN@ QO TBU "OwW|t xDN=OQB u;
=@ |O=R; xHQO 4 |R=wt |=ysR}v=mt p}rLD w RDvU sQ=yJ VN@ QO w OwW|t

"OW Oy=wN u=}@ 3R1T w 2T2R '3T1R |DmQL |=ywor=

|]N Cq}O@D |x} Q_v "2
|=yQDt=Q=B O=OaD sR}v=mt lQLD "CU=ysR}v=mt QO |U=U= |=ypt=a R= |m} lQLD
"CU= sR}v=mt w[a Qy Q@ `k=w x]kv l} u=mt u}}aD |=Q@ sRq Cq=YD= pkDUt
sR}v=mt |=yw[a u}@ |@Uv pkDUt C=mQL |xOvvmu=}@ R}v 19|}=[i Cr=L
CqO=at w =yQ=}at R= xO=iDU= =@ u=wD|t =Q |rm lQLD w |}x_Lr lQLD [34]"CU=
CU= X=N sR}v=mt l} |=Q@ =Dm} Q=Okt l} |rm lQLD "OQm x@U=Lt |irDNt
"CU= xv}mD Cq=L RHx@ |rm Cr=L Qy QO sR}v=mt l} |=Q@ |rm QDt=Q=B l} w
l} QO sR}v=mt |xYNWt w CU= |rLt QDt=Q=B l} '|}x_Lr lQLD xm|r=L QO
lQLD w |}x_Lr lQLD xv}mD \=kv QO "CU= xv}mD Cq=L pt=W xOWxO=O Cr=L

[34]"Ov=Cw=iDt sy =@ |rm
sR}v=mt |Q=DN=U |=yQDt=Q=B w lQLD u}@ x]@=Q l} `k=w QO 'lQLD Q=}at l}
CUOx@ |=Q@ Q=}at l} |UQQ@ x@ =Hv}= QO "CU= Cq=YD= w =yw[a O=OaD Ovv=t
u}= [24]"Ovt=v|t |]N Cq}O@D |x} Q_v =Q u; xm OwW|t xDN=OQB |rm lQLD uOQw;
CUOx@ uwO@ =Q xO}J}B w xO=U |R=wt |=ysR}v=mt |}=[i Cr=L w lQLD 'x} Q_v

[34]"Ovm|t x@U=Lt |}x_Lr lQLD uOQw;
x@ pk=OL w[a Qy u; QO xm CU= |}xQ}HvR 'xDU@ |m}D=tv}U |xQ}HvR l}
QO xm CU= |}xQ}HvR 'R=@ |m}D=tv}U |xQ}HvR l} w OW=@ pYDt Qo}O w[a wO

[36]"CU= p=YD= l} |=Q=O \ki xm OW=@ xDW=O OwHw w[a l} pk=OL u;
|xkrL q � 1 w p=YD=m =@ sR}v=mt lQLD '|]N Cq}O@D |x} Q_v T=U= Q@
p@k mP

i=1
fi Cq=YD= pkDUt |DmQL |=yQDt=Q=B O=OaD hqDN= =@ 'pkDUt |xDU@

=@ w sR}v=mt QO =Q OwN pqkDU= xm Cq=YD= |=yQDt=Q=B O=OaD w xkrL uOWxDU@ R=
[34]%CU= Q@=Q@ 'r 'OvyO|t CUO R= sR}v=mt QO xDU@ |=yxkrL O=H}=

M =
mX
i=1

fi � r (1)

|xOvvm u=}@ M w CU= xN=W QO Cq=YD= |O=R; C=HQO O=OaD |xOvvmu=}@ f
"CU= sR}v=mt lQLD

T=U=Q@ xm OQ@ |B xDmv u}= x@ u=wD|t xOWu=}@ C=L}[wD w 1 |x]@=Q x@ xHwD =@
OQ=O OwHw pkDUt |xDU@ |xkrL q � 1 =@ sR}v=mt l} '|]N Cq}O@D |x} Q_v

xO=iDU= |R=wt |=ysR}v=mt RDvU |=Q@ |Dw=iDt |=yVwQ R= Q}N= |=yp=U QO
Q=R@= u}W=t u=wvax@ |R=wt sR}v=mt |x}rw= |xvwtv l} 1994 p=U QO "CU= xOW
8O=B=Roy |x}=B Q@ xOWx�=Q= |=ysR}v=mt R= |O=} R O=OaD w sR}v=mt u}= "OW x�=Q=
|xar=]t QO [12]"CU= 9O}qo =Roy CU= xOW x�=Q= xm |}=ysR}v=mt Qo}O R= "OvDUy
s=Hv= xO=U l}D=tv}U w xR=U =@ |O=R; xHQO 3 |R=wt sR}v=mt l} |L=Q] |Qo}O
[13]"CW=Ov |ov}mD V} Q=m |=[i QO w Ow@ |QDnQR@ |Q=m |=[i |=Q=O xm OW
|=ysR}v=mt x@ CUv=wD|t xm OW x�=Q= 10OOHt |Ov@ Qm}B |}=v=wD =@ sR}v=mt l}

[14]"OwW p}O@D |O=R; xHQO 6-3
xHQO 3 |R=wt |=ysR}v=mt R= xO=wv=N l} |L=Q] x@ jiwt u}vJty u=kkLt
|v=Um} X=wN |=Q=O =y=DU=Q s=tDQO xm OvOW 11l}B wQDwR}= pwi |r=kDv= |O=R;
CU= xDN=OQB 13|]N Cq}O@D |x} Q_v x@ u=kkLt Q}=U R= V}@ 12wowo [15]"CU=
xO=iDU= =@ l}B wQDwR}= s=tD |O=R; xHQO 3 |=ysR}v=mt |L=Q] x@ 2004 p=U QO w
14xJ}B |x} Q_v R= xO=iDU= =@ 2005 p=U QO 'u; R= TB [16]"CN=OQB x} Q_v u}= R=
|r=kDv= CmQL 3 15|DmQL |wor= =@ |O=R; xHQO 4 |=ysR}v=mt R= |ywQo |L=Q]
|]N Cq}O@D |x} Q_v R= xO=iDU= =@ wowo TBU [17]"OW s=Hv= |v=QwO CmQL l} w
|=Q=O xm CN=OQB 16R}qivwW |DmQL |wor= =@ |O=R; xHQO 4 |=ysR}v=mt RDvU x@
u}rw= =t= [18]"OvDUy |v=QwO CmQL |O=R; xHQO 1 w |r=kDv= CmQL |O=R; xHQO 3
|wor= |=Q=O xm OW |L=Q] 2001 p=U QO u=Um} |=yxN=W =@ |R=wt sR}v=mt
xJ}B |x} Q_v Q@ |vD@t |}=yVwQ R= xO=iDU= =@ R}v 2002 p=U QO [9]"Ow@ 3R1T

u=Um} |m}D=tv}U |=yxN=W =@ |O=R; xHQO 5 |R=wt |=ysR}v=mt R= |ywQo RDvU
|=ysR}v=mt '|R=Ht |=yxQ}HvR swyit |iQat =@ 2005 p=U QO [19]"OW s=Hv=
T=U= Q@ w OvOQm |Ov@xDUO |}=yv |QHt CmQL x@ xHwD =@ =Q |O=R; xHQO 5 |R=wt
|}xawtHt VwQ u}= =@ [20]"OW x�=Q= =ysR}v=mt RDvU |=Q@ VwQ l} 'pY= u}ty
|L=Q] w RDvU hrDNt |DmQL |=ywor= w |O=R; C=HQO =@ |R=wt |=ysR}v=mt R=

[23�21]"OvOW
C=mQL =@ |R=wt |=ysR}v=mt RDvU x@ |]N Cq}O@D |x} Q_v R= xO=iDU= =@ wowo
x@ |]N Cq}O@D |x} Q_v R= xO=iDU= =@ wowo '2004 p=U QO [24]"CN=OQB pkDUt
R}v =ysR}v=mt u}= xm CN=OQB 3T1R |DmQL |wor= =@ |R=wt |=ysR}v=mt |L=Q]
|R=wt |=ysR}v=mt RDvUx@ p=U u=ty QO w= [25]"OvOw@ l}B wQDwR}= s=tD CQwYx@
l} w |}xLiY |r=kDv= CmQL wO |=Q=O xm CN=OQB R}v O}kt |xv}W}@ |}xLiY
xm R}qivwW |DmQL |wor= =@ |R=wt |=ysR}v=mt 2005 p=U QO [26]"OvOw@ u=QwO
RDvU |]N Cq}O@D |x} Q_v R= xO=iDU= =@ OvDW=Ov |ov}mD u=W} Q=m |=[i QO
|r=kDv= CmQL 2 pt=W |DmQL |wor= =@ |R=wt |=ysR}v=mt R= xwQo l} [27]"OvOW
|x} Q_v R= xO=iDU= =@ R}v 2009 p=U QO wowo [28]"OvOW RDvU R}v |v=QwO CmQL wO w
pt=W |DmQL |wor= =@ |O=R; xHQO 5 |R=wt |=ysR}v=mt RDvU |]N Cq}O@D
|}=yVwQ p=U u=ty QO [29]"O=O s=Hv= =Q |v=QwO CmQL wO w |r=kDv= CmQL 3
|]N Cq}O@D |x} Q_v =@ |O=R; xHQO 3 w 2 =@ |}=Hx@=H |=ysR}v=mt O=H}= |=Q@
x�=Q= |}xLiY |R=wt |=ysR}v=mt |=Q@ |}=yQ=DN=U 2010 p=U QO [30]"OW x�=Q=
|]N Cq}O@D |x} Q_v u}ty R= xO=iDU= =@ 2012 p=U QO wowo u}vJty [31]"OW
CmQL l} w |}=Hx@=H CmQL 2 pt=W |DmQL |wor= =@ |}=ysR}v=mt |L=Q] x@
|x}=B Q@ `k=w |=ylQLt \UwD xm CN=OQB |}=[i w |}xLiY CQwYx@ |v=QwO
|xv}W}@ |=ysR}v=mt |=Q@ |}=yQ=DN=U 2014 p=U QO [32]"OvOW|t pQDvm sR}v=mt
wowo xm |}=ysR}v=mt [33]"OW x�=Q= R}qivwW |DmQL |wor= =@ |O=R; xHQO 4 17O}kt
|=ysR}v=mt xm CU= xO}J}B |=ysR}v=mt w xO=U |=ysR}v=mt pt=W CU= xOQm x�=Q=
|Q=DN=U RDvU [34]"OvQ=O |m}D=tv}U |xDU@ |=yxkrL OwN |=yxN=W QO xO}J}B
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|U
Ovyt pY=L |}=yDv= w |}=OD@= Cq=YD= |@Uv |}=[i Cr=L w A2 w A1 |xO=U R=@

%OwW|t
rB = SA1 + SA2 � SBn=1 (6)

CU=B xkrLlD |m}D=tv}U |xQ}HvR QO Cq=YD= |=yQDt=Q=B O=OaD rB u; QO xm
"Ov=xO=O CUO R= =Q OwN pqkDU= xm

xO=U |=yxN=W =@ |R=wt |=ysR}v=mt |}=[i Cr=L w lQLD "1"2
|=Q=O w CU= xOW p}mWD Ai |xN=W k R= xm C |xO=U |R=wt sR}v=mt l} QO
|QHt |}=[i Cr=L 'CU= |Q=DN=U pkDUt |xDU@ |xkrL k� 1 w p=YD= m
7 |x]@=Q CQwYx@ x}=B w[a w |}=yv |QHt u}@ |@Uv |}=[i Cr=L R= '|}=yv

%OwW|t xH}Dv
SCn=1 = dim

�
RCn=1

�
= dim (RA1 \RA2 \ ::: \RAk ) (7)

QO "CU= sR}v=mt u}= QO =yxN=W QF-wt |Q=OQ@ |=[i RAi 'x]@=Q u}= QO xm
CUO R= =Q OwN pqkDU= sR}v=mt QO xm Cq=YD= QDt=Q=B O=OaD 'xO=U |=ysR}v=mt
|QHt |}=[i Cr=L w =yxN=W QF-wt |=y=[i Oa@ ẁtHt u}@ hqDN= R= OvyO|t

%O};|t CUOx@ 9 w 8 |=yx]@=Q R= w SCn=1 '|}=yv

rC =
kX
i=1

dim (RAi)� dim (RA1 \RA2 \ ::: \RAk ) (8)

SAi = dim (RAi) (9)

CUO R= =Q OwN pqkDU= xm Cq=YD= QDt=Q=B O=OaD '9 =D 7 |=yx]@=Q x@ xHwD =@
%OwW|t x@U=Lt 10 |x]@=Q R= xO=iDU= =@ OvyO|t

rC =
kX
i=1

SAi � SCn=1 (10)

|=ysR}v=mt lQLD |rm |x]@=Q '1 |x]@=Q QO 10 |x]@=Q |Q=Po|=H =@ C}=yv QO
%O};|t CUOx@ 11 |x]@=Q CQwYx@ xO=U |=yxN=W =@ |R=wt

MC =
mX
i=1

fi � rC =
mX
i=1

fi �
kX
i=1

SAi + SCn=1 (11)

xO}J}B |=yxN=W =@ |R=wt |=ysR}v=mt |}=[i Cr=L w lQLD "2"2
pk=OL |=Q=O O}=@ 'OW=@ p=YD=m w xN=W k |=Q=OD |xO}J}B |R=wt sR}v=mt Qo =
=Hv}= QO "OwW ?wULt xO}J}B sR}v=mt =D OW=@ xDU@ |xkrL =@ xO}J}B |xN=W l}
O=OaD Qo = "OvwW|t xO=O u=Wv Ej =@ xO}J}B |=yxN=W w Ai =@ xO=U |=yxN=W
u=}@ k2 =@ sR}v=mt |xO}J}B |=yxN=W O=OaD w k1 =@ sR}v=mt |xO=U |=yxN=W
CU= xO}J}B sR}v=mt R= |Dr=L xO=U sR}v=mt `k=w QO "k1 + k2 = k x=ov; 'OvwW

"CU= QiY =@ Q@=Q@ k2 u; QO xm
|}=[i Cr=L R= 'xO}J}B |R=wt sR}v=mt l} QO |}=yv |QHt |}=[i Cr=L

%OwW|t pY=L sR}v=mt u; QO C@=F |x}=B w |}=yv |QHt u}@ |@Uv
SDn=1 = dim

�
RDn=1

�
= dim(RA1 \RA2 \ ::: \RAk \RE1

\RE2 \ ::: \REk ) (12)

O=OaD R= xkrL uOWxDU@ R= p@k Cq=YD= pkDUt |=yQDt=Q=B O=OaD Qo = =yvD w Qo =
'OvyO|t CUO R= xkrL uOW xDU@ R= Oa@ =Q OwN pqkDU= xm Cq=YD= |=yQDt=Q=B
|=yQDt=Q=B O=OaD w Cq=YD= |O=R; C=HQO u}@ Q} R |x]@=Q 'u}=Q@=v@ "OW=@ QDW}@
R= sR}v=mt QO xDU@ |=yxkrL O=H}= =@ w sR}v=mt QO =Q OwN pqkDU= xm Cq=YD=

%CU= Q=QkQ@ OvyO|t CUO
mX
i=1

fi > r (2)

l} R= b w a w[a wO u}@ |@Uv |}=[i Cr=L '|]N Cq}O@D |x} Q_v T=U=Q@
sR}v=mt xm CU= |@Uv pkDUt |=y|}=Hx@=H O=OaD |xOvvmu=}@ 'SQa=b 'Q sR}v=mt
'SQa=b |@Uv |}=[i Cr=L '`k=w QO "OwW s=Hv= w[a wO u}@ OyO|t xR=H=
b w a |=yw[a u}@ |@Uv CaQU x@ \w@ Qt RQa=b |Q=OQ@ |=[i Oa@ |xr}Uwx@

"O};|t CUOx@ Q sR}v=mt R=
|O=R; C=HQO ẁtHt =@ Q@=Q@ lQLD 'xO=U R=@ |m}D=tv}U |xQ}HvR l} QO
"O};|t CUOx@ u; |rYit |=[i Oa@ |xr}Uwx@ sR}v=mt lQLD w CU= Cq=YD=
u; QF-wt |=[i Oa@ |xr}Uwx@ xO=U R=@ |m}D=tv}U |xQ}HvR |}=[i Cr=L 'u}vJty
u=wD|t 'wQu}= R= "CU= sR}v=mt 20|Q=m |=[i u=ty QF-wt |=[i xm OwW|t pY=L
R= QDlJwm =} |w=Ut 'xO=U R=@ |m}D=tv}U |xQ}HvR |}=[i Cr=L CiQo xH}Dv

"CU= u; lQLD
|m}D=tv}U |xQ}HvR wO |QU p=YD= R= xO=U R=@ |m}D=tv}U |xQ}HvR l} Qo =
pY=L |xO=U R=@ |m}D=tv}U |xQ}HvR QF-wt |=[i 'OwW O=H}= QDlJwm |xO=U R=@
Cr=L w CU= x}rw= |xO=U R=@ |m}D=tv}U |=yxQ}HvR QF-wt |=y=[i `=tDH= =@ Q@=Q@
3 |x]@=Q CQwYx@ CU= u; QF-wt |=[i Oa@ `k=w QO xm pY=L |xQ}HvR |}=[i

%O};|t CUOx@
S(A�A1�A2) = dim (RA1 +RA2) = dim(RA1) + dim(RA2)

� dim(RA1 \RA2) (3)

R=@ |m}D=tv}U |xQ}HvR wO R= xm CU= |}xO=U R=@ |m}D=tv}U |xQ}HvR A u; QO xm
|=yxN=W QF-wt |=[i ?}DQDx@ RA2 w RA1 w CU= xOW p}mWD A2 w A1 xO=U

"OvDUy A2 w A1
wO |}=yDv= w |}=OD@= |=yw[a p=YD= R= xm xkrLlD |m}D=tv}U |xQ}HvR QO
u}@ SBn=1 |@Uv |}=[i Cr=L 'CU= xOW O=H}= xO=U R=@ |m}D=tv}U |xQ}HvR
QF-wt |=y=[i Oa@ R= xkrL lD |m}D=tv}U |xQ}HvR QO |}=yDv= w |}=OD@= w[a wO

%OwW|t pY=L 4 |x]@=Q j@=]t u; |xOvyO p}mWD |xO=U R=@ |=yxQ}HvR
SBn=1 = dim (RA1 \RA2) (4)

|m}D=tv}U |xQ}HvR wO R= xOWp}mWD |xkrLlD |m}D=tv}U |xQ}HvRB u; QO xm
w |}=OD@= w[a wO u}@ |@Uv |}=[i Cr=L '`k=w QO "CU= A2 w A1 |xO=U R=@
|}=[i |=yCr=L ẁtHt u}@ hqDN= R= 'xkrLlD |m}D=tv}U |xQ}HvR |}=yDv=
A1 R= xOWp}mWD R=@ |m}D=tv}U |xQ}HvR |}=[i Cr=L w A2 w A1 |=yxQ}HvR

%O};|t CUOx@ 5 |x]@=Q Ovv=ty A2 w
SBn=1 = SA1 + SA2 � S(A�A1�A2) (5)

'xkrLlD |m}D=tv}U |xQ}HvR QO xm Cq=YD= R= |}=yQDt=Q=B O=OaD 'Cr=L u}= QO
|m}D=tv}U |=yxQ}HvR |}=[i Cr=L hqDN= R= OvyO|t CUO R= =Q OwN pqkDU=
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"""|
=ysR

}v=m
tR=

O}OH
xwQo

l}
p}rL

Dw
RDvUC=HQO O=OaD u=wD|t �� OwW|t pY=L sR}v=mt |=yxN=W VNQJ w VJ}B

&OQm x@U=Lt =Q sR}v=mt pm |O=R; C=HQO O=OaD C}=yv QO w xN=W Qy |i=[= |O=R;
%O};|t CUOx@ 19 =D 17 \@=wQ |Q}oQ=mx@ =@ syt u}=

C = 6� c (17)

Ri = f i � 6 + ci = 0 (18)

M = C +
mX
i=1

Ri (19)

|O=R; xHQO Ri 'VNQJ sDU}U |x@DQt c 'VJ}B sDU}U |x@DQt C u; QO xm
|xOvvmu=}@M w =yxN=W O=OaDm 'Cq=YD= |O=R; C=HQO f 's=i |xN=W |i=[=

"CU= |O=R; C=HQO O=OaD
[11]%CU= 20 |x]@=Q CQwYx@ |HwQN |OwQw |m}D=tv}U |x]@=Q

� =
nX
j=1

�ij�
i
j (20)

pY=it CaQU hPL |=Q@ "CU=yxN=W VJ}B � w =yxN=W CaQU � u; QO xm
|rw xOw@ p@=kDt Cq=YD= Q@ xm OQm ?Q[ |}xJ}B Q=OQ@ QO =Q =yu; O}=@ p=aiQ}e
=yu; p@=kDt ?Q[ xm OvDUy p@=kDt |}=yxJ}B "OW=@v 21p@=kDt p=ai Cq=YD= Q@

%CWwv =Q 21 |x]@=Q u=wD|t wQ u}= R= [1]"OW=@ QiY =@ Q@=Q@
�i � � = �i � �iact�

i
act (21)

"CU= p@=kDt ?Q[ |xOvyOu=Wv � wCU= p=ai pYit |xOvvmu=}@ act T} wvQ} R
22 |x]@=Q CQwYx@ |HwQN w |OwQw CqO=atpY=L G}=Dv x@ xHwD =@ 'xH}Dv QO

%Ow@ Oy=wN
A _� = B� (22)

|xOvyOu=Wv?}DQDx@B wA wCU= sR}v=mtCaQU |=[i |xOvvmu=}@ _� u; QO xm
[38]"OvDUy |R=wt sR}v=mt Twmat w s}kDUt u}@ wm =S |=yT} QD=t

|O=R; xHQO 4 |R=wt |=ysR}v=mt RDvU "4
sy=Qi =Q uwo =vwo |=yOQ@ Q=m QO =yu; |xO=iDU= \}=QW '|R=wt |=ysR}v=mt RDvU
OvDUy |m}D=tv}U Cq=YD= '|L=Q] Qy |x}rw= VN@ w <RH u} QD|}=OD@= "Ovm|t
'|m}D=tv}U Cq=YD= `k=w QO "Ov=sR}v=mt QO xOWxO=iDU= |=[a= u}@ \@=Q xm
=yxN=W |R=wt p=YD= R= w Ovvm|t O=H}= =Q =yxN=W w pYDt sy x@ =Q =yw[a
|m}D=tv}U Cq=YD= QO ẁvD OwHw 'wQ u}= R= "O};|t OwHwx@ |R=wt |=ysR}v=mt
Q[=L p=L QO "OwW|t sR}v=mt |=yKQ] QDy@ |x�=Q= Ea=@ ' ẁvDt |=yC}r@=k =@
|}xOQDUo Qw]x@ =ysR}v=mt |L=Q] QO =yu; R= w OvQ=O OwHw |awvDt Cq=YD=
Cq=YD= ?}mQD R= u=wD|t =Q |m}D=tv}U Cq=YD= QDW}@ [39]"CU=xOW xO=iDU=
=yvD '=ysR}v=mt RDvU w |L=Q] |=Q@ =Hv}= QO 'u}=Q@=v@ "OQm O=H}= |}qwr w |} wWm
xm |Q=ov|R=wt "OwW|t xO=iDU= |}qwr w |} wWm |O=R; xHQO l} Cq=YD= R=
|xDU@ |xkrL l} 'OwW|t xO=iDU= =yu; R= xr=kt u}= |=ysR}v=mt |L=Q] QO
O=H}= =Q |r=kDv= C=mQL OwN |xLiY QO xm CU= |}qwr p=YD= 4 R= pmWDt

"Ovm|t

OvyO|t CUO R= =Q OwN pqkDU= =ysR}v=mt u}= QO xm Cq=YD= R= |}=yQDt=Q=B O=OaD
%O};|t CUOx@ 13 |x]@=Q R=

rD =
k1X
i=1

dim (RAi) +
k2X
j=1

dim
�
REj

�� dim(RA1 \RA2 \ :::

\RAk \RE1 \RE2 \ ::: \REk )� rl (13)

|=yxkrL uOW xDU@ |x]U=w x@ xm CU= |}=yQDt=Q=B O=OaD |xOvvmu=}@ rl u; QO xm
|DL=Qx@ R}v =yQDt=Q=B u}= O=OaD "OvyO|tCUO R= =Q OwN pqkDU= =yxN=W QO OwHwt
u=wD|t =Q 13 |x]@=Q "O};|tCUOx@ xDU@ |=yxkrL |=Q@ x} Q_v u}ty R= xO=iDU= =@

%OQm |U} wvR=@ 14 |x]@=Q CQwYx@

rD =
k1X
i=1

SAi +
k2X
j=1

SEj � SDn=1 + rl (14)

=@ |R=wt |=ysR}v=mt |=Q@ lQLD Q=}at '1 |x]@=Q QO 14 |x]@=Q |Q=Po|=H =@
%O};|t CUOx@ 15 |x]@=Q CQwYx@ xO}J}B |=yxN=W

MD =
mX
i=1

fi � rD =
mX
i=1

fi �
k1X
i=1

SAi �
k2X
j=1

SEj + SDn=1 � rl
(15)

xJ}B |x} Q_v "3
"CU= |}=[i |=ysR}v=mt p}rLD |=Q@ |D=}[=} Q OvtDQOk Q=R@= l} xJ}B |x} Q_v
u=}@ |=Q@ u=wD|t =Q xJ}B [1]"CU= xOW p}mWD |Oa@xU Q=OQ@ wO R= xJ}B l}
sUH l} |v=QwO CaQU w '|]N CaQU '|}=[i Q=OQ@ l} VNQJ w C}akwt
p}rLD QO xOQDUo Qw]x@ xJ}B |x} Q_v 'wQu}= R= "OQ@ Q=mx@ Qw=DWo w wQ}v =} ?rY

"OQ=O OQ@ Q=m =ysR}v=mt
VNQJ sDU}U w VJ}B sDU}U uOQw; CUOx@ =@ x} Q_v u}= R= xO=iDU= =@
=Q xN=W pm VNQJ w VJ}B |=ysDU}U u=wD|t 'xN=W l} Cq=YD= x@ \w@ Qt
u; |O=R; |xHQO w p=YD= ẁv x@ xHwD =@ p=YD= Qy VJ}B sDU}U "OQw; CUOx@
xm |O=R; C=HQO w VJ}B sDU}U x@ xHwD =@ R}v VNQJ sDU}U "OwW|t pY=L
w VJ}B |=ysDU}U `k=w QO w CU= Q}PBx@U=Lt 'OwW|tv O=H}= Cq=YD= \UwD

"Ov=sy ptmt |awv x@ VNQJ
QO xm CU= QiY s=o R= |}xJ}B 'R '|}qwr Cq=YD= x@ \w@ Qt VJ}B sDU}U
s=o R= |}xJ}B 'P '|} wWm Cq=YD= VJ}B sDU}U w CU= p=YD= QwLt |=DU=Q
|Q=ov|R=wt Ovv=t xO}J}B Cq=YD= |=Q@ "CU= p=YD= |=DU=Q QO xm CU= C}=yv|@
xH}Dv 16 |x]@=Q R= VJ}B sDU}U 'CU= xOW p}mWD |}qwr p=YD= 4 R= xm

[37]%OwW|t

S =

 0
v � s

!
(16)

"CU= Cq=YD= QwLt |=DU=Q s w Q=ov|R=wt `q[= CyH QO |Q=OQ@ v 'u; QO xm
CUOx@ Sr 'u; VNQJ sDU}U S '=yxN=W VJ}B sDU}U uDi=} R= TB
|x@DQt uOQw; CUOx@ w xJ}B |x} Q_v Q@ sm =L j]vt R= xO=iDU= =@ 'TBU "O};|t
|=ysDU}U R= OW xQ=W= xm Qw]u=ty xm �� sR}v=mt VNQJ w VJ}B |=ysDU}U

30



2|
xQ=t

W'
33

�3
|xQ

wO'
�13

96
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt |O=R; C=HQO |=Q=O =yxN=W R= |NQ@ xmv}= =@ =Hv}= QO CU= XNWt xm Qw]u=ty

|=yxN=W \UwD |O=R; C=HQO u}= 'OQ=Ov =yu; x@ |R=}v sR}v=mt xm OvDUy |O=R=t
%CiQo xH}Dv =Q 24 |x]@=Q u=wD|t 'u}=Q@=v@ &Ov=xOW OwOLt Qo}O

SA1 = 4
SA2 = SA3 = SE1 = 5 (24)

%OwW|t pY=L 25 |x]@=Q '12 |x]@=Q w |}=[i Cr=L |x} Q_v x@ xHwD =@
SD5=1 = dim (RA1 \RA2 \RA3 \RE1) = 4 (25)

CU= (vx; vy; vz; !y) CQwYx@ sR}v=mt \UwD xOWO}rwD |O=R; C=HQO '`k=w QO
QO sR}v=mt u}= QO "Ovm|t O=H}= =Q Q_v OQwt 3T1R |DmQL |wor= u=ty xm
|O=R; xHQO 3 O=OaD x@ xkrL u}= xm OQ=O OwHw xDU@ |xkrL l} E1 |xN=W
x@ xHwD =@ xm CU= p=YD= 22 |=Q=O sR}v=mt u}= |iQ] R= "Oy=m|t Cq=YD= R=
xH}Dv 26 |x]@=Q 'OvDUy |O=R; xHQO l} |=Q=O Cq=YD= s=tD xmv}= w 15 |x]@=Q

%OwW|t

MD =
22X
i=1

fi �
3X
i=1

SAi � SE1 + SD5=1 � rl = 4 (26)

l =QDW= xm CU= |O=R; xHQO 4 |=Q=O R}v sR}v=mt u}= OW xOy=Wt xm Qw]u=ty
|=Q=O sR}v=mt u}= 'TB "CU= u; |=yxN=W \UwD xOWO=H}= |@Uv |=yCaQU

"CU= |v=QwO CmQL |O=R; xHQO l} w |r=kDv= CmQL |O=R; xHQO xU
Qy Cq=YD= VJ}B |=ysDU}U =OD@= 'xJ}B |x} Q_v T=U= Q@ %sR}v=mt p}rLD

%Ov=xOW xOQw; 30�27 \@=wQ QO xm O};|t CUOx@ xN=W

S1 =

8>>>>>>><>>>>>>>:
$11 =

0@ 0
j

1A
$1m =

0@ j

j � r1m

1A m = 2; 3; 4
(27)

S2 =

8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

$21 =

0@ 0
i

1A
$2m =

0@ i

i� r2m

1A
$25 =

0@ j

j � r25

1A
m = 2; 3; 4 (28)

S3 =

8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

$31 =

0@ 0
k

1A
$3m =

0@ k

k � r3m

1A
$35 =

0@ j

j � r35

1A
m = 2; 3; 4 (29)

"2PRRRR-1PRRR-1PRPaRR |R=wt sR}v=mt "1 pmW

|=yxN=W R= |m} Qo = xm CiQo xH}Dv u=wD|t |]N Cq}O@D |x} Q_v G}=Dv R=
xHwI}yx@ Q_v OQwt sR}v=mt x=ov; 'Ovm O=H}= =Q CmQL R= |awv Ov=wDv sR}v=mt
xDW=O =Q |D=mQL Ov=wD|t |}=yv |QHt 'u}=Q@=v@ "OyO s=Hv= =Q CmQL u; Ov=wD|tv
s=tD Qo = p=L "OvW=@ lQDWt =yxN=W pm QO xm O}=tv O=H}= =Q |}=yCaQU w OW=@
u=wvax@ QwmPt |xN=W x=ov; 'Ovvm O=H}= =Q |DmQL Ovv=wD@ =yu; R= |m} RHx@ =yxN=W

"Ovm|t pta xOvvmOwOLt
|=Q=O Ovv=wD|t |O=R; xHQO 4 =@ |=ysR}v=mt 'CU= XNWt xm Qw]u=ty
l} x=Qtyx@ |r=kDv= CmQL 3 CQwYx@ =ywor= u}= "OvW=@ |DmQL |wor= ẁv 3
'�2T2R) |v=QwO CmQL wO x=Qtyx@ |r=kDv= CmQL wO '�3T1R� |v=QwO CmQL
RDvU x@ =Hv}= QO "OvDUy �3R1T� |r=kDv= CmQL l} x=Qtyx@ |v=QwO CmQL 3 w
=yu; p}rLD w RDvU OvwQ w OwW|t xDN=OQB |O=R; xHQO 4 |R=wt sR}v=mt ẁv 3 Qy

"OwW|t xO=O KQW

3T1R |DmQL |wor= =@ |O=R; xHQO 4 |R=wt |=ysR}v=mt "1"4
u; |=Q=O =yxN=W s=tD O}=@ |DmQL |wor= l} O=H}= |=Q@ xm xDmv u}= x@ xHwD =@
=@ '=ysR}v=mt u}= RDvU |=Q@ =Hv}= QO 'OvW=@ \w@ Qt |O=R; C=HQO w |DmQL |wor=
xm CU= xDiQo CQwY |wLvx@ =yxN=W w Cq=YD= u=tO}J 'xDmv u}= uDiQo Q_vQO

"OvW=@v O}kt |}xN=W I}y QO Q_v OQwt |O=R; C=HQO
2PRRRR-1PRRR-1PRPaRR |R=wt sR}v=mt "1"1"4

|xN=W l} w PRRR |xN=W l} w PRRRR |xN=W wO R= sR}v=mt u}=
|=yxN=W R= |m} QO xmv}= x@ xHwD =@ "�1 pmW� CU= xOW p}mWD PRPaRR

QO xDU@ |xkrL l} |=Q=O w CU= xOW xO=iDU= Q=ov|R=wt l} R= sR}v=mt u}=
CU= xO}J}B |R=wt |=ysR}v=mt |xDUO R= sR}v=mt u}= 'CU= V}=yxN=W R= |m}

%O};|t CUOx@ 23 |x]@=Q CQwYx@ sR}v=mt |=yxN=W CaQU |=[i w

RA1 = (vx; vy; vz; !y)

RA2 = (vx; vy; vz; !x; !y)

RA3 = (vx; vy; vz; !y; !z)

RE1 = (vx; vy; vz; !y; !z) (23)
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"""|
=ysR

}v=m
tR=

O}OH
xwQo

l}
p}rL

Dw
RDvUx@ xHwD =@ "CiQ|t u; Q=_Dv= xm CU= 4 =@ Q@=Q@ sR}v=mt |O=R; C=HQO O=OaD

=Q x w z QwLt 2 pwL |v=QwO CmQL wO sR}v=mt u}= 'sR}v=mt VNQJ sDU}U
|=Q@ p=L "CU= Q_v OQwt 3T1R ?wr]t |DmQL |wor= |=Q=O w Ovm|tv O=H}=
Q_v QO lQLt |xN=W Qy QO pw= p=YD= 'sR}v=mt u}@ wm =S T} QD=t uOQw;CUOx@
lQLt p=YD= RHx@ xN=W l} Cq=YD= s=tD x@ p@=kDt |xJ}B w OwW|t xDiQo
|x]@=Q CQwYx@ xJ}B u}= 'pw= |xN=W |=Q@ "O};|t CUOx@ �l} QLD VNQJ�

%CU= 38

�1 =

 
j

0
!

(38)

CQwYx@ xH}Dv 'xJ}B wO u}= p@=kDt ?Q[ w lQLt p=YD= |xJ}B x@ xHwD =@ p=L
%CU= 39 |x]@=Q

�1 � �1
act = 1 (39)

%OwW|t xH}Dv 40 |x]@=Q 'u}=Q@=v@

�1 � � = �1 �

2666664
!y
vx
vy
vz

3777775 = vy (40)

%CWwv =Q 41 |x]@=Q u=wD|t xN=W u}= |=Q@ TB

h
0 0 1 0

i2666664
!y
vx
vy
vz

3777775 =
h
1 0 0 0

i2666664
_�1
_�2
_�3
_�4

3777775 (41)

%OwW|t s=Hv= 42 |x]@=Q CQwYx@ C=@U=Lt A2 |xN=W |=Q@ uwvm =

�2 =

 
i

i� S2

!
(42)

%CU= 43 |x]@=Q CQwYx@ y QwLt pwL u=QwO T} QD=t xmv}= x@ xHwD =@ w

Qy =

"
cos� sin�

� sin� cos�

#
(43)

%CWwv =Q 44 |x]@=Q u=wD|t

�!
S2 = Qy

�!
Sp2 =

"
cos� sin�

� sin� cos�

#"
Sx2
Sz2

#
=

"
Sx2 cos�+ Sz2 sin�

�Sx2 sin�+ Sz2 cos�

#
(44)

S4 =

8>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>:

$41 =

0@ 0
k

1A
$4m =

0@ k

k � r4m

1A m = 2; 4

$43 =

0@ 0
v � k

1A
$45 =

0@ j

j � r45

1A
(30)

|QHt |wQ Q@ lQLDt `HQt w C@=F `HQt u}@ Q=OQ@ |xOvvmu=}@ r =yu; QO xm
swO T}Ov= w xN=W |xQ=tW |xOvvmu=}@ pw= T}Ov= OQ=wt s=tD QO w CU= |}=yv
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%CU= 87 |x]@=Q |=yCQ=@a CQwYx@ sR}v=mt
RE1 = (vx; vy; !x; !z)

RE2 = (vx; vy; vz; !x; !z)

RE3 = (vx; vy; vz; !x; !z)

RE4 = (vx; vy; vz; !x; !z) (87)

sR}v=mt 'CU= XNWt '87 |x]@=Q '=yxN=W CaQU |Q=OQ@ |=[i R= xmQw]u=ty
xOWKQ]t |=yQDt=Q=B x@ xHwD=@ "Ovm O=H}= =Q 2T2R Q_v OQwt|DmQL |wor= Ov=wD|t
|x]@=Q CQwYx@ sR}v=mt |O=R; C=HQO '15 |x]@=Q w |]N Cq}O@D |x} Q_v QO

%Ow@ Oy=wN 88

MD =
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fi �
4X
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SEi + SD5=1 � rl = 4 (88)
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u=Wv w CU= 2 |x@DQt |=Q=O sR}v=mt VNQJ sDU}U 'CU= XNWt xm Qw]u=ty
Ovm O=H}= =Q |v=QwO CmQL l} w |r=kDv= CmQL l} Ov=wD|tv sR}v=mt xm OyO|t
R}v 19 |x]@=Q R= sR}v=mt u}= |O=R; C=HQO "CU= ?U=vt |DmQL |wor= |=Q=O w

%O};|t CUOx@ 4 =@ Q@=Q@ 90 |x]@=Q =@

M = C +
4X
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%Ov=xOt; CUOx@ 92 w 91 |=yx]@=Q QO sR}v=mt u}@ wm =S |=yT} QD=t
A = I4�4 (91)

B =
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0 a 1 0
b 0 0 0
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0 e 1 0

3777775 (92)

xm OvDUy VNQJ |=}=wR |D=FrFt `@=wD T=U= Q@ |D=Q=@a e w d 'c 'b 'a u; QO xm
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2PPaPaRR-2PPaRR |R=wt sR}v=mt "3"2"4
OwN Q=DN=U QO Q=ov|R=wt 6 |=Q=O 2PPaPaRR-2PPaRR |R=wt sR}v=mt
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"OwW|t |UQQ@ =ysR}v=mt u}= R= xvwtv wO p}rLD w RDvU OvwQ
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xOW RDvU |}xvwo x@ 3PPaRRR-1PRRR |R=wt sR}v=mt |m}D=tv}U Q=DN=U
|=[i "�9 pmW� Ovm O=H}= =Q 3R1T |DmQL |wor= Ov=wD@ sR}v=mt pm QO xm CU=

%CU= xOt; 103 |x]@=Q QO sR}v=mt |=yxN=W CaQU |Q=OQ@
RA1 = (vx; !x; !y; !z)

RE1 = (vx; vy; !x; !y; !z)

RE2 = (vx; vz; !x; !y; !z)

RE3 = (vx; vy; !x; !y; !z) (103)

|wor= '=yxN=W CaQU |Q=OQ@ |=y=[i l =QDW= 'CU= XNWt xm Qw]u=ty
|x]@=Q w |]N Cq}O@D Q=}at x@ xHwD =@ "OyO|t p}mWD =Q 2T2R ?U=vt CmQL
xOW u=}@ 104 |x]@=Q QO xm CU= 4 =@ Q@=Q@ sR}v=mt u}= |O=R; C=HQO O=OaD '15
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i=1

fi �
3X
i=1

SEi � SA1 + SD5=1 � rl = 4 (104)
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sR}v=mt pm VNQJ sDU}U C}=yv QO w O};|t CUOx@ sR}v=mt |=yxN=W VNQJ

%OwW|t pY=L 105 x]@=Q CQwYx@
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RE3 = (vx; vy; !x; !z)

RE4 = (vx; vy; vz; !x; !z) (98)
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fi �
4X
i=1
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8>>>>>>><>>>>>>>:
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pqkDU= |=Q@ |}=yQ=my=Q Qw]u}ty "OwW xO=iDU= 5 w 3 |O=R; C=HQO =@ |R=wt
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xm OvDUy VNQJ |=}=wR |D=FrFt `@=wD ?ULQ@ |D=Q=@a |U}rov= hwQL u; QO xm
"Ov=xOWv xOQw; =yCQ=@a uOw@|vqw] p}rO x@

3PPaRRR-1PRRR |R=wt sR}v=mt "2"3"4
"�10 pmW� CU= xO}J}B |xN=W 3 |=Q=O p@k sR}v=mt Ovv=t R}v |R=wt sR}v=mt u}=
|v=QwO CmQL |O=R; xHQO 3 |=Q=O xm CU= xOW |L=Q] |wLvx@ sy sR}v=mt u}=
108 |x]@=Q QO =yxN=W CaQU |=[i "OW=@ |r=kDv= CmQL |O=R; xHQO l} w

%CU= xOW x�=Q=

RA1 = (vx; !x; !y; !z)

RE1 = (vx; vy; !x; !y; !z)

RE2 = (vx; vz; !x; !y; !z)

RE3 = (vx; vy; !x; !y; !z) (108)

=yCWwv=B
1. parallel mechanisms
2. degree of freedom (DOF)

3. end e�ector
4. limb
5. working space
6. singular
7. limited DOF mechanisms
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