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|=yOL=w VwQiV}B pt=W '|OwQw u=} QH w �Q=mv=t}B |OwQw |Okv |=yu=} QH�

"CU= """w |mv=@ Cq}yUD '|v=tDN=U |=yOL=w VwQi '|v=tDN=U
C}a]k =@ u=wD|t 'u=} QH QO |=yxSwQB C}a[w x@ xHwD =@ w |rai \}=QW QO
u} QD`}=W R=|m} "CU}v xv} Ry pQDvm R= QDsm Ot;QO pQDvmC}ty= 'xSwQB Qy QO xmCio
|=yOt;QO uOWv jkLt p}rOx@ |ov}Okv Ow@tm =@ xyH=wt '=yxSwQB QO Q}N-=D p}qO
Ow@tm =@ xyH=wt w xSwQB Qy QO =yOt;QO jkLD sOa Qo}O |wU R= "CU= Q=_Dv= OQwt

[14]"OwW|t xSwQB |=yxv} Ry V}=Ri= x@ QHvt OwN 'Q}N-=D O=H}= R= =OH '|ov}Okv
s}y=wN xSwQB lU} Q w OQmrta |xJQ=Bm} C} Q}Ot |xr�Ut x@ j}kLD u}= QO
xv} Ry 'u=tR K]U xU QO =Q xSwQB |OQmrta h=Oy= |O=yvW}B OQm} wQ "CN=OQB
|HwQN |Okv C=v=} QH w 11=yOt;QO Ovv=t |OwQw |Okv C=v=} QH pt=W� |r=t w
=@ ?U=vDt |rOt xSwQB |}=QH= |xrLQt |] w xOQm h} QaD �12=yCN=OQB Ovv=t
x�=Q= lU} Q R}r=v; w OQmrta |@=} RQ= |R=U xJQ=Bm} |=Q@ |UQQ@ OQwt |=yxSwQB
xOW ?Um VRQ= C} Q}Ot VwQ j}irD w |r=t |=yXN=W |xaUwD =@ "OwW|t
OQm O=H}= xSwQB C} Q}Ot |=Q@ |wk |Q=R@= u=wD|t 13utr=m QDr}i |v}@V}B VwQ w
|D; |=y|v}@V}B w lU} Q p}rLD 'CiQW}B OvwQ |Q}o}B x@ u; R= xO=iDU= =@ w
xm u}= x@ xHwD =@ " CN=OQB QD=Q=m w QDj}kO CQwYx@ xSwQB |OQmrta h=Oy= |=Q@
xmr@ '|ak=w OQmrta =yvDxv 'xSwQB |] xOWv |R} Qxt=vQ@ w xDU=wN=v |=yOt;V}B
|y=o ; |=Q@ OW=@ xDW=O OwHw |Q=}at O}=@ 'OyO|t Q=Qk Q}F-=DCLD R}v =Q xSwQBlU} Q
OQwt C=Q}}eD |xOwOLt QO xO=O MQ |vwvm |=yxv} Ry xi=[= =} C=Q}N-=D xm u}= R=
|}xv} Ry w |v=tR |=yTv=} Q=w w =yXN=W "xv =} CU= �pQDvm CLD xSwQB� Q=_Dv=
C=Q}}eD |xQ=@ QO |}=yQ=OWy w C=aq]= w 'CU= C=Q}N-=D w xv} Ry R} QQU Qou=}@ =yvD
|xaUwD =@ 'VN@ u}= QO "OvyO|tv 'Ovm|t GQ=N pQDvm R= =Q xSwQB xm |Q=DN=U
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L=Q]"xOW ?Um VRQ= C} Q}Ot |Q}oxR=Ov= |=yXN=W "1 pwOH
pwtQi KQW u=wva

"CU= xOW |R} Qxt=vQ@ xm |Q=m |v}tND VRQ= (BCWS) =} (PV) xOW |R} Qxt=vQ@ VRQ=
"CU= xOW s=Hv= ,=ak=w xm |Q=m |v}tND VRQ= (BCWP) =} (EV) xOW ?Um VRQ=

"CU= xDiQo s=Hv= xm |Q=m |ak=w xv} Ry (ACWP) =} �AC) |ak=w xv} Ry
"xSwQB pm |=Q@ xOW xDiQo Q_v QO xHOw@ Q=Okt (BAC) xSwQB p}tmD xHOw@

EV-AC "CU= xOW hQY xHOw@ Q@ O=R=t xv} Ry OW=@ |ivt Qo = (CV) xv} Ry CQ}=et
EV-PV "OQ=O OwHw |Ov@u=tR R= |oO=Di=?ka OW=@ |ivt Qo = (SV) |Ov@u=tR CQ}=et
EV/AC "CU= xHOw@ Q@ O=R=t xv} Ry OW=@ 1 R= QDlJwm Qo = (CPI) |}xv} Ry OQmrta XN=W
EV/PV "OQ=O |Ov@u=tR R= |oO=Di=?ka OW=@ 1 R= QDlJwm Qo = (SPI) |Ov@u=tR OQmrta XN=W

"EAC = AC(t) + [BAC � EV(t)]=PF xSwQB |=yDv= QO u}tND |=Q@ xOW xO=O xaUwD |=ypwtQi "2 pwOH
C=L}[wD OQmrta QwDm =i ẁv

"CU}v |D; OQmrta |=Q@ |@U=vt XN=W xDWPo OQmrta |Dkw PF = 1 |rY=

"OQ=Ov=DU= pwtQi PF = CPIcum OQ=Ov=DU=

"OwW|t xO}t=v xv} Ry u=tR ?Q[rY=L SPI w CPI =} |v=QL@ C@Uv PF = CPIcum � SPIcum ?mQt QwDm =i

w CPI6 'CPI12 lQLDt u}ov=}t CPI xrY=i u} QN; u}@ QO
PF = CPIm(t) lQLDt u}ov=}t

"OwW|t xO=iDU= |v=tR m ,qwtat CPI3

"OwW|t s=Hv= xSwQB Q}Ot \UwD =yuRw Q=Okt u}}aD ,qwtat PF = w1 � CPIcum + w2 � SPIcum xOW xO=O uRw

xSwQB p}tmD OYQO R= =yuRw |=H x@ w CU= |vRw OYQO xOW KqY= PF = (�C) � CPIcum + (1� �C) � SPIcum ��� CiQW}B
"OwW|t xO=iDU=

"xSwQB |=yDv= QO u=tR u}tND |=Q@ xOW xO=O xaUwD |=ypwtQi "3 pwOH
C=L}[wD EDAC(t) ẁv

|R} Qxt=vQ@ PD |rm u=tR EDAC(t) = PD=PF �xOW |R} Qxt=vQ@ VRQ= VwQ
xSwQB xOW PF = SPI or SCI

AD xSwQB |ak=w u=tR EDAC(t) = t+ (PD � ED)=PF ��xOW ?Um COt VwQ
ED = AD � SPI PF = SPI or SCI

xOW |v}@V}B ES u=tR =@ Q@=Q@
EDAC(t) = t+ (PD � ES)=PF ���xOW ?Um |v=tR VRQ= VwQxOW ?Um VRQ= x@ pwYL |=Q@

PF = SPI�
SPI � EV = ES=t

� the planned value method �� the earned duration method

��� the earned schedule method
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|U
Ovyt pqDN= Qou=Wv vk QDt=Q=B "OyO|t u=Wv Ov}=Qi pOt QO =Q C}a]k sOa 'Ov}=Qi

|a@ Qt T} QD=t A "Ovm|t u=}@ |ak=w |Q}oxR=Ov= QO =Q =]N xm CU= |Q}oxR=Ov=
|17xOy=Wt T} QD=t H w |r=wDt x=t wO u=}t hqDN= dt 'Ov}=Qi swrat p=kDv=

[20]"CU= |r}]DUt

A =

" 1 dt

0 1
#

; wk�1 =

" 0
wk�1

#
Qk = COV[wk�1] =

" 0 0
0 q

#
(10)

=t=� K}LY Q=Okt u}@ Cw=iD |va} 'Cr=L |=]N u}tND |xr}Uwx@ =]N Tv=} Q=wm
"OwW|t u}}aD ~xk sDU}U Cr=L u}tND w 'xk sDU}U Cr=L �swrat=v

P = E([xk � ~xk][xk � ~xk]T ) (11)

u}tND l} 'O}OH |=yxO=O |xOy=Wt R= p@k xm CU= pmW u}O@ |v}@V}B Ov}=Qi
T} QD=t w xO=O s=Hv= p@k |xrLQt Cr=L Q}eDt u}tND T=U=Q@ Cr=L Q}eDt R= x}rw=

"OwW|t x@U=Lt p=kDv=
~x�k = A~x+

k�1 (12)

P�k = AkP+
k�1A

T
k +Qk�1 (13)

|Q}oxR=Ov= pOt \UwD Zk O}OH |xOy=Wt R= xO=iDU= =@ |r@k C=aq]= 'xt=O= QO
"O@=} Ow@y@ xk |r@k u}tND =D 'OwW|t |v=UQRwQx@

~x+
k = ~x�k + kk(Zk �H~x�k ) (14)

Tv=} Q=wm xm OwW|t u}}aD |Qw] w 'Ovt=v|t 18utr=m |xQy@ =Q K |vRw T} QD=t
CU= CQ=@a xOW x�=Q= |=ypwtQi R= |m} "Ovm xv}tm =Q P+

k x} wv=F u}tND |=]N
[18]%R=

Kk = P�k Ht(HP�k H+ +Rk)�1 (15)

P+
k = [I �KkHP�k ] (16)

R= hOy 'OwW|t xO=iDU= xSwQB u=tR |=Q@ utr=m QDr}i R= xm |Dr=L QO 'p=Ft |=Q@
(EDAC) xSwQB s=tD=|}=yv u=tR|v=UQRwQx@ w u}tND 'CiQW}B|vLvt|v}@V}B
u=tR Qy QO gTV k u=tR hqDN= |va}� ~xk u}tND |Dkw "CU= tk u=tR Qy QO
|xr}Uwx@ u=tR u; QO (gEV k) Q=_Dv= OQwt |xOW ?Um VRQ= 'Ot; CUOx@ �tk

"OwW|t u}}aD x}=B CiQW}B |vLvtfEVk = PV(gESk) (17)gESk = tk +gTV k = tk + ~xk (18)

%OwW|t pY=L EDAC 'OwW jkLt 19 |x]@=Q xm |v=tR p=LfEVk > BAC (19)

u}vJ EDAC 'Ovm jOY 19 |x]@=Q QO xm s}O}UQ (tk) |v=tR u}vJ x@ |Dkw
%OwW|t x@U=Lt

EDAC = tk � �(tk � tk�1) �= tk; 0 � � < 1 (20)

%ES(t) |x@U=Lt
PV(ES(t)) = EV(t); ES(t) = PV[EV(t)]�1 (3)

TV (t) = ES(t)� t (4)

TPI(t) = ES(t)=t (5)

TPI w 14 PDAC XN=W wO R= xO=iDU= =@ t u=tR QO xSwQB |xtD=N u=tR TBU
%OwW|t xOR u}tND

EDAC(t) = PDAC=TPI(t) (6)

swrat=v =t= CUQO u}tND |=Q@ CU= 15|DWoR=@ sD} Qwor= l} QDr}i utr=m VwQ
xDiQo Q_v QO |}=]N =yu; |=Q@ xm |}=yxO=O Qw[L QO =} wB sDU}U l} Cr=L
�3 pmW� xOW p}mWD |DWoR=@ |xNQJ l} R= QDr}i utr=m sD} Qwor= [19]"OwW|t
xO=iDU= xrLQt u; =D xSwQB |ak=w C=aq]= w x}rw= u}tND R= u=tRty |v}@V}B |=Q@ xm
Cr=L 'Q}eDt ẁv wO =@ k u=tR Qy QO =} wB sDU}U l} Cr=L VwQ u}= QO "Ovm|t
C}a]k sOa '=]N Tv=} Q=wm "OwW|t xO=O u=Wv (pk) =]N Tv=} Q=wm w (xk)

Qy QO =]N Tv=} Q=wm w Cr=L Q}eDt "OyO|t u=Wv =Q Cr=L |=yQ}eDt u}tND QO
w |Q}oxR=Ov= pOt |=ys=v =@ |iO=YD |]N pOt wO |xr}Uwx@ 'k |v=tR |xrY=i
O}OH C=Oy=Wt R= xO=iDU= =@ |Q}oxR=Ov= pOt "OvwW|t |v=UQRwQ x@ sDU}U pOt
pOt w xOQm s=ovyx@ =Q |D=tOkt |=yxO=O '(Zk) xOt; CUO x@ |ak=w |=yxO=O R=
[18]"Ovm|t |v}@V}B (k+ 1) |Oa@ |xrLQt QO =Q sDU}U |xOv}; Cr=L sDU}U
u=tR |] QOCr=L Q}eDt wO =@ sDU}Ul} u=wvax@ xSwQBCiQW}B 'VwQ u}= QO
"(dTV k=dt) VQ=Ro |xQwO |] QO u; Q}}eD MQv w TVk %OwW|t |R=UpOt

%OwW|t h} QaD u}vJ KFFM Cr=L Q}eDt

xk =

(
TVk

TVk=dt

)
(7)

s=Hv= 9 w 8 pwtQi wO j} Q] R= Zk O}OH |xOy=Wt w xk Cr=L Q}eDt C=@U=Lt
%OwW|t

xk = Axk�1 + wk�1 (8)

Zk = Hxk + vk (9)

xQwO l} QO TV C=i=QLv= QO C=Q}}eD Qou=}@ |iO=YD |=]N wk�1 u; QO xm
pqDN= Tv=} Q=w "CU= 16|iO=YD Ov}=Qi pqDN= Tv=} Q=w Qou=}@ w2

k�1 'VQ=Ro

"utr=m QDr}i |DWoR=@ |Q}oO=} xNQJ "3 pmW
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L=Q]?Um VRQ= C} Q}Ot VwQ j}irD w |r=t |=yXN=W |xaUwD =@ sDU}U u}= QO
=D xOW O=H}= xSwQB C} Q}Ot |=Q@ `t=H |Q=R@= utr=m QDr}i |v}@V}B VwQ w xOW
h=Oy= |=Q@ |D; |=y|v}@V}B w lU} Q p}rLD 'CiQW}B OvwQ u; R= xO=iDU= =@
|=}vO QO =Q u=Q}os}tYD u}vJty "Ovm |Q}o}B QD=Q=m w QDj}kO =Q xSwQB |OQmrta
'|r=t `@=vt R= xv}y@ |xO=iDU= |=Q@ QD=Q=m w QDQF-wt |=y|Q}os}tYD x@ QO=k |ak=w
w QDj}kO |D=WQ=Ro |x}yD w QDW}@ |Qw;OwU |=DU=Q QO xSwQB w |}=QH= |=yC=}rta

"Ovm|t QD=Q=m
CiQW}B OwW|t ZQi 'xOW?Um VRQ=C} Q}Ot w QDr}i utr=m VwQ j}irD QO
u=Wv =Q xSwQB |ak=w CiQW}B xm 21Cr=L |=[i |=} wB |xrO=at R= 'xSwQB |atHD
|x]kv l} R= |v}@V}B '|ak=w |=}vO |=yxSwQB QO [19]"OwW|t pY=L 'OyO|t
'Cr=L Q}eDt |x}rw= Q}O=kt u}=Q@=v@ "OwW|t s=Hv= �� xSwQB pw= ,qwtat �� ẁQW
sy |D}a]k sOa Q}O=kt u}= QO uwJ w &Ow@ Oy=wN QiY pO=at Ot;QO w xv} Ry 'u=tR

"OW Oy=wN QiY R}v =]N Tv=} Q=wm |x}rw= Q=Okt TB 'OQ=Ov OwHw

~x0 =

" 0
0
#

; ~P0 =

" 0 0
0 0

#
(21)

|xOvvmp}OaD w Q}F-=D |xOwOLt |xOvvmpQDvm u=wvax@ '(Q) Ov}=Qi pqDN= Q}eDt
u=wvax@ 'pqDN= Tv=} Q=wm Q=Okt CUQO=v ?=NDv= "Ovm|t pta (K) utr=m |xQy@

"OW Oy=wN utr=m QDr}i CUQO OQmQ=m sOa Ea=@ '|D=}L pt=a l}

Q =

" 0 0
0 W 2

k�1

#
(22)

|=Q@ R}v w u=tR |v}@V}B |=Q@ [20w19]u}kkLt '(Q)Ov}=Qi pqDN= Q}eDt u}tND QO
|x}rw= `} RwD |=yQDt=Q=B &Ov=xOQm xO=iDU= xv} Ry w u=tR |x}rw= `} RwD R= [21]xv} Ry
Q=Okt ZQi =@ '�Pert VwQ� |}x]kvxU u}tND R= xO=iDU= =@ R}v xv} Ry w u=tR

[20]%O};|t CUOx@ (P ) xv=v}@O@ w (ML) ptDLt '(O) xv=v}@WwN
Mean = (O + 4 �M + P )=6 (23)

Standard Deviation = (P �O)=6 (24)

|xQwO |=yDv= QO xm OW=@ |wLvx@ O}=@ '(wk�1) Ov}=Qi pqDN= Q}eDt u}tND
`} RwD Tv=} Q=w =@ OwW|t xOR u}tND utr=m QDr}i =@ xm =]N Tv=} Q=wm '|v}@V}B
xm (Rk) |Q}oxR=Ov= pqDN= Tv=} Q=wm u}vJty "OW=@ Q@=Q@ |v}@V}B Q=Okt |x}rw=
OQmrta |Q}oxR=Ov= CkO Qou=Wv 'CU= utr=m QDr}i |R=UxO=}B QO |tyt XN=W

%OwW|t x@U=Lt u}vJ w CU= |ak=w
Rk = a2=9 (25)

=yQDt=Q=B u}= Q}O=kt [18]"CU= |Q}oxR=Ov= |=]N |xv}tm =} xv}W}@ Q=Okt a u; QO xm
x@U=Lt =OH CQwYx@ Ot;QO w xv} Ry 'u=tR VN@ xU Qy QO utr=m QDr}i ẁQW |=Q@
OQ=w 5 pmW QO xOW xO=O u=Wv |Q@ Q=m |=y\@=Q j} Q] R= Q}O=kt u}= xm 'xOW

"OvwW|t sDU}U
|=y=]N uDiQo Q_v QO w OwHwt |x}rw= C=aq]= uDW=O =@ QDr}i utr=m VwQ
C}a[w R= xv}y@ u}tNDl} =y=]N C=a@ Qt u}ov=}t uOQmxv}tm =@ '|Q}oxR=Ov= w =QH=
sOa x@ xHwD =@ u}vJty "O@=}|t xt=O= xSwQB |=yDv= =D OvwQ u}= &OyO|t x�=Q= xSwQB
|=]N u=wva CLD |Q=Okt 'xSwQB |xOv}; C}a[w |v}@V}B QO OwHwt C}a]k

"OwW|t u=}@ sDU}U pOt QO Ov}=Qi

CQwYx@ utr=m QDr}i G}=Dv R= ,=t}kDUt u=wD|t R}v =Q EDAC u}tND |xOwOLt
[18]"OQw; CUOx@ tk =]N Tv=} Q=wm Tm} QD=t

OwW|t ZQi 'xOW ?Um VRQ= C} Q}Ot w QDr}i utr=m VwQ j}irD |=Q@
xSwQB |ak=w CiQW}B xm 19Cr=L |=[i |=} wB |xrO=at R= xSwQB |atHD CiQW}B
|x}rw= C=aq]= uDW=O =@ QDr}i utr=m VwQ [19]"OwW|t pY=L 'OyO|t u=Wv =Q
C=a@ Qt u}ov=}t uOQmxv}tm =@ '|Q}oxR=Ov= w =QH= |=y=]N uDiQo Q_v QO w OwHwt
xSwQB |=yDv= =D OvwQ u}= &OyO|t x�=Q= xSwQB C}a[w R= xv}y@ u}tND l} =y=]N
|xOv}; C}a[w |v}@V}B QO xm |D}a]k sOa x@ xHwD =@ u}vJty "O@=}|t xt=O=
"OwW|t u=}@ sDU}U pOt QO Ov}=Qi |=]N u=wva CLD |Q=Okt 'OQ=O OwHw xSwQB
C}a]k sOa uDiQo Q_v QO |=Q@ QDr}i utr=m VwQ R= [20�18]u}kkLt R= |}xOa
QO C}a]k sOa uDiQo Q_v QO |=Q@ u; R= [21]|NQ@ w 'u=tR |D; |=y|v}@V}B
VwQ R= 20=wJ w xO=RQ=]a u}vJty "Ov=xOQm xO=iDU= xv} Ry w u=tR VN@ wO Qy
COtOvr@ |=yxSwQB QO �xv} Ry w u=tR� OQmrta lU} Q |@=} RQ= |=Q@ utr=m QDr}i

[22]"Ov=xOQm xO=iDU= |Q=DN=UQ} R
QDr}i utr=m VwQ w xOW ?Um VRQ= C} Q}Ot VwQ j}irD R= j}kLD u}= QO
'u=tR pt=W '|OQmrta h=Oy= R= OQwt xU Qy QO |v}@V}B w lU} Q p}rLD |=Q@

"OW Oy=wN xO=iDU= Ot;QO w xv} Ry

w x} RHD w '|ak=w |xSwQB l} QO pOt |R=UxO=}B "6
G}=Dv p}rLD

x@ |@=}CUO OvtCQOk |D=@U=Lt w |D=aq]= sDU}U |=yQ=Ri=sQv x@ xHwD uwO@
R= p@k Qt= u}= x@ xHwD =Pr "Ow@ Oy=wN umtt Q}e ,=@} QkD xSwQB C} Q}Ot h=Oy=
"OUQ|t Q_v x@ |QwQ[ xSwQB C} Q}Ot QO X=N l}vmD w ẁ[wt x@ uDN=OQB
?wJQ=J xm xSwQB lU} Q w OQmrta |xJQ=Bm} C} Q}Ot s}tYD |v=@}DWB sDU}U
'CrwyU 'CkO V}=Ri= hOy =@ 'CU= xOW xO=O u=Wv 4 pmW QO u; <=RH= w |rm
"CU= xOW |L=Q] xSwQB |=QH= w |R} Qxt=vQ@ |xrLQt wO Qy QO |WN@ QF= w |}=Q=m

`t=H pOt |=Q@ xOW |L=Q] s}tYD |v=@}DWB sDU}U ?wJQ=J w <=RH= "4 pmW
"|O=yvW}B
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u} w=va =@ '?r=k xU CLD G}=Dv u}= xm CU= �� Ot;QO w xv} Ry 'u=tR pt=W �� xSwQB
24C}kiwt p=tDL= p}=iwQB w 23C}kiwt p=tDL= h=Qo '22|r=tDL= EAC p}=iwQB

"CU= xOW xO=O u=Wv
�LB� u}}=B OL '�UB� q=@ OL '|vLvt xU pt=W '|r=tDL= EAC p}=iwQB
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