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e = d e = d

b)

Removable if e   is
not a may-constant
of value d

e = d e = d

a)

Removable if e

of value d
a must-constant

   is
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a[0] := 5

a[i] := ..

x := a[0] + 1
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x := 0
y := 0

x := x - 1
y := y + 1

z := x + y

a) b)

a := 2

b := 3

a := 3

b := 2

c := 4

d := 5

c := 5

d := 4

x := a + c
y := b + d
z := x + y
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x := 0
y := 0

z := x + y

a) b)
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b := 3

a := 3

b := 2

x := a + c
y := b + d
z := x + y

z = 14

a+b = 5

5 = 5

z = 0

x+y = 0
x := x - 1

y := y + 1

x+y = -1

0 = 0

c := 4

d := 5

c := 5

d := 4

a+b+c+d = 14

a+b+c = 10
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write(c)

join

write(c)

join

fork

b := a

b := 0

a := 1

c := 0

fork

b := a

b := 0

a := 1

c := 0

(a)  CFG-like representation (b)  Def/use relationships

c := b c := b
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join

write(c)

join

write(c)

fork

b := a

b := 0

a := 1

c := 0

v := b

c := v

fork

b := a

b := 0

a := 1

c := 0

(a)  Original program

c := b

(b)  A virtual variable has been introduced
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) K j=T�[! k[u`cX�]c)�]_Xk[o[gn�SR[u� ¢ ,
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�`qt���^|6�¦vni��+j§j}z���x����Sqt|���iy�^J
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` ª d ) �#� � �vjlTp[ga�������t���g� = ¢ ,(d =H¢�� K J
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Z�Ub` L [4X���]mj=j=[! =X�]_f4j=Q�]_UbUbV,`capf! =[g]_X=[4X�jlT�[sn�`��DfgQpUbj�V O ª jlTp[gX=[oZU =O�)�Ub[g�DX ª  kOR� jlT�[uZ\OR`ba�j
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3 ]mX
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'�a,jlT�[iZ0 =[ ( `cORQ�XPf}T�]mZpjl[W g3��*[ T�] ( [iX=[4[ga~j=T�]mjP�6[ fg]_a~np[4jl[4f4j�]_UcU�fgORZhV,fgO_a�Xkjl]_ahjlX�]ma�n
[gUb`c�D`ca�]�jl[ ª ]_`cahj�f4O�n�[�f4OR�DZ�Uc[?jl[gUWV `ba�Z�]+ =]_UcUb[gU�ZU =ORS� =]_�DXg3p` ª �*[i]+)�]ma�n�ORa�jlTp[Y]_X=XkQ���Z+*
jl`bORa�jlT�]�j )�]_X=[DXkjl]mjl[4��[4a�j=X [¬>�[gfgQ�jl[F]�jlOR�D`cfg]_UcUWV J ,�Tp[�Z0 k[gXk[gahjl[4n ]_UcS_O� =`WjlT��DX  kQ�a�`ba
[?>�Z\ORa�[4a�j=`�]_Uvj=`c�D[_38�PT�`cf}T� l]_`bX=[4XyjlT�[ ,�Q�[gX|jl`bORa �PTp[4jlTp[! PjlT�[W =[i]+ =[Y]mUcX=Oe[ ��f4`c[4a�j�]_UbSROI*
 =`WjlT��DX ª O� �j=T�[gXk[�Z0 kO�)�Ub[g�DX J '�aejlTp`cXtf}T�]_Z�jl[! ��6[�XkT�OB��jlT�]mj�jlT�[�]_a�X|�*[W 6`bX �;apO0eb3�Q�apUc[gXkX
` ¢�� ` J '�a jlT�[Ff4ORa�f4UcQ�Xk`cORa�XsO ª jlT�`bX jlTp[gX=`bXg3l4*T�]_Z�jl[! ¯�¯ 3��6[�X=<_[?jlf}T Z#O_X=X=` )�Uc[c =[g�D[}*
n�`b[gX�]_apn np`cX=f4Q�X=XPn�`  =[4f4jl`bORa�X6O ª ª QpjlQ0 k[8 =[4X=[^]X =f}T,jlT�]mjP��]^V X|jl`bUcU\Uc[^]mnFjlOe]_UbSRO� =`WjlT��DX�O ª
Z0 =]_f4j=`cf^]mUv`cahjl[W =[4Xkj J

,�T�[uT�]X =n�a�[4X=X�Z0 kO�O ª X ª  =O_��4*T�]_Zpjl[W �  k[gUbV ORa~�*[4UcU�*{n�`  k[gf?jl[gn  =[8*�`cap`bjl`c]_Uc`b7^]mj=`cORa�O ª
( ]+ =`c]+)�Ub[gX£`caFO� kn�[! 6jlOo[gapX=Q0 k[�jlT�]mj\ =Q�apXy�PT�`cf}T�n�Osa�O_j�f4O� b k[gX=Z\ORa�n�j=O )#[4T�] ( `cO� £jlO )\[
X=`b�uQ�Uc]mjl[4nun�O�a�OmjtfgORahjb =` )pQpjl[*j=O�Z0 =O_Z�]_Sh]mj=`cORa J ,�T�[�[¬>p]_��ZpUc[*`bae2�[4f4jl`bORaD� J G�`ca�np`cf^]�jl[gX
jlT�]mjyjlTp`cX6j=[gf}T�ap` ,�Q�[Yn�O8[gX ��iy| �*O+ =< 3�` ª j=T�[�]_XkX=Q��DZpj=`cORa�O ª ]�jlOR�D`cf�[?>�[gf4Qpjl`bORa,O ª )�]_Xk[
Xkjl]mjl[4��[4ahjlX�`cX*]+)�]_apn�ORa�[4n J ,�T�`cX�]mUcX=O ª ORUcUbOB�PX ª  =O_��j=T�[ ª ]_f?j*jlT�]mjyjlTp[�]+)\O ( [Y]_a�]_UWV8X=`cX
Z0 kO�)�Uc[4��X4)\[gf4OR�D[tn�[gf4`cn�]+)pUc[_3B�PT�`bf}Tijb =` ( `c]_UcUWV�`c�DZ�Uc`b[gX#j=T�]mjzj=T�[ g ��� n�[4fg`bn�]+)�`bUc`bj�V�Z0 kO�O ª Xf^]ma�a�O_j )\[ ( ]_Ub`cn�]ma�V,�DO� k[ J

'�a 2�[4f4j=`cORa ¯ � J ¯ �6[ [¬>�T�` )�`Wji]~f4OI* � `p*{T�]+ kn�a�[gXkX ZU =O8O ª )hV �D[^]_a�XiO ª ]� k[gn�Q�f?jl`bORa
ª  =O_� jlT�[��6[gUcU *�<�a�OB�Pas2�5�,B*�Z0 kO�)�Ub[g��� ¯ �p3<6R���hjlT�]mj
]_ZpZ�Uc`b[gXvjlO )\O_jlTY��OB� ]_a�]mUbV8X=`bXzZ0 =O�)+*
Uc[4��X J 3�[�T�] ( [ L  =X|jsZU =[gXk[gahjl[4n jlT�`bX/ k[gn�Qpf4jl`bORa�`ba � � :����PT�[W =[ ]mjlOR�D`cfe[¬>p[4fgQpj=`cORa�O ª
)�]_Xk[�Xkjl]mjl[4��[4a�j�T�]_XS)\[g[gaD]_XkX=Q��D[gn�3 )pQpjt`bj  =[4� ]_`ba�X ( ]_Ub`cns` ª jlT�`bXt]_XkX=Q��DZpjl`bORao`cX�]+)�]_a9*
n�ORap[gn J&% a�Uc`b<_[sj=T�[  =[4n�Q�f?jl`cO_a�X�`caf4*T�]mZpjl[W � 3v`bj�O_a�UbV  =[4Uc`c[4X�ORa ]_f?jl` ( [oZ0 =O_Z�]_Sh]mj=`cORa
]_UbORa�SofgO_Z�V8`ba�S ]mX=X=`bSRa��D[gahjlX7)�Q�j�apO_jPORa��*[4UcU *�n�`  =[gf?jl[4n� k[}*{`ca�`Wjl`�]mUc`c7g]mjl`bORa J

,�T�[DT�]+ =npa�[gXkXsZ0 kO�O ª fgO_a�Xkjb =Q�f?jlXiUcO8ORZ9* ª  k[g[uZU =ORS� =]_�DXY]_a�n `bjY`cXY[g]_XkV�j=O Xk[g[ejlT�]�j
jlTp[ f4OI* � `�UcOB�6[! )#ORQpa�n�`bX�`ba�n�[4[gn�XkT�]+ kZ ª O� PUcO8ORZ9* ª  =[4[�Z0 =ORS+ l]_�DX J 3�[iT�] ( [ a�O_jPVR[?j
)\[g[ga ]+)pUc[sj=O ª Q�UcUWV f}T�]+ l]mf4jl[W =`b7g[ujlTp[ofgOR�DZ�Uc[¬>�`bj�V ª O� �j=T�[oO_jlTp[! �f4U�]_XkX=[gX = jlTp[oSR[ga�[W l]_U
`cahjb l]_Z0 kO�f4[gn�QU l]_U�Z0 kO�)�Uc[4� ]_a�n jlT�[�`cahjl[W =Z0 kO�f4[gn�QU l]_U�Z0 kO�)�Uc[4� J'% Z jlO�apO¡� �6[ T�] ( [
jlTp[ ��( `�,R' : � Q�Z�Z\[! \)\ORQ�apn jlT0 kORQ�SRT�jlT�[�]_UcSRO+ =`bj=T��DX ª  =OR� 4*T�]mZpjl[W ² ]_apn�jlTp[ � `
UcOB�6[! /)#O_Q�a�n�j=T0 =O_Q�SRT�j=T�[ 2�5�,  =[4n�Q�f?jl`cO_a ª  =O_� 2�[gf?jl`cO_a ¯ � J ¯ J 5 a�]�jlQ0 =]_Ut`cn�[g] ª O+ 
]_a � `-*�[g]_X=`ba�[gXkX�Z0 kO�O ª �*O_Q�Ucn�)#[YjlO�X=T�OB� j=T�]mj�a�ORa9*{fgORapXkj}]ma�f4V~]_a�n~a�ORa9* ª ]_`cahj=a�[gXkX�`bX
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