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�NDv� u� R� ���� RQ� CLD ��yOL�w xm CU� ��xawtHt �sDU�U R� Qw	vt Ow� xDiQo

�xOta �OvW���t �yxOmWv�O u� QO �Q�os�tYD ��yOL�w xm CiQo Q	v QO �tDU�U u�wva x� �Q x�oWv�O u�wD�t

X�N Cq�L �NQ� QO Qo � �yVwQ u�� �O�OQo ��QDt�Q�B ��yVwQ uOt� OwHw x� QHvt ���� p�U �D C�k�kLD

�m� �CN�U�t umttQ�e �rm Cq�L QO �Q �yu� R� xO�iDU� ��OQ� Q�m w �Q	v xOta pmW wO �rw OvOw� R�UQ�m

�Owtv xO�iDU� �yu� R� u�wD�t �HwQN l� �� ��yOL�w ��Q� �ki xm CU� u�� �yVwQ u�� CqmWt u� QDtyt R�

�OwQw ��mQD R� �Q �HwQN u� QDW�� xm �a��D� O�rwD ���D pmW xm CU� u�� �QDt�Q�B ��yVwQ Qo�O �U�U� pmWt

��Q� �Y�N ��yC�OwOLt �Q� R �CU� �oQR� Q��U� ha	 u�� xm OW�� XNWt p�k R� O��� �OQw��t CUO x� �y

uO�O R�tD xm OyO�t �Q �irDNt ���wD ��yQDt�Q�B uOwtv �O�B CyH hrDNt ��yVwQ u�vJty �OwW�t p��k p��Ut

C�Oy�Wt �CU� xOW xDW��v� C�Oy�Wt CtU x� �O�rwD ���D �vLvt p��tD �iQ� R� �CU�v umtt �yu� u� QDy�

��Q� xOW QmP CqmWt x� xHwD �� �OvQ�Ov �yQDt�Q�B u��aD QO �O�� R Vkv �OvW�� sy j�kO CU� umtt xm �CQB

�s�vm�t xO�iDU� �QDt�Q�B Q�e VwQ R� QDW�� ��yOL�w ���Q�m ���� RQ�

pQ�i Ck�kL QO �O�O s�Hv� ��xOQDUo C�k�kLD ��� �pQ�i ���� p�U QO �xOW QmP CqmWt �iQ ��Q�

�OQw� CUO x� �QDt�Q�B Q�e j� Q� x� �Q O�rwD ���D u�tND xm Ow� �Um u�rw�

�xawtHt s�v x� ��xawtHt ��yxO�O �WWwB p�rLD sra Q� sm �L Q�PB�vQ�mv� pwY� w C�Oy�Wt R� xO�iDU� �� pQ�i

CU�Q�m OQ�o� Q�Qk RQt u�� �wQ xm xOvQ�os�tYD OL�w Qy �O�t�v O�rwD ���D �Q u� RQt w CN�U ��PPS� O�rwD u�mt�

�OOQo�t �krD �Q�m �v CQwY u�� Q�e QO w

CCR pOt x� xm OvO�O x��Q� ��xv�kqN VwQ pQ�i ��yQ�m �x��B Q� ��� �ROwQ w �QB wm ��RvQ�J ���� p�U QO

R� TB �OW���t �yxO�O �WWwB p�rLD T�U� w x��B pOt u�� �O�OQo hwQat �Q�os�tYD ��yOL�w ���� RQ� ��Q�
�� Parametric Methods �� Farrell �� Production Possibility Set �� Charnes �� Cooper

�� Rhodes
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QO �OvOW �iQat xQ�e w �atH pOt �SBM �FDH �BCC ��ypOt Q�	v �Qo�O ��ypOt CCR pOt �iQat

�s�vm�t �iQat �Q �ypOt u�� R� �NQ� xt�vu���B u��

DEA Q� sm �L pwY� R� ��xO� Ro ���

�DMU Qy xm OW�� �j � �� � � � � n� DMUj xOvQ�os�tYD OL�w n pt�W �CQ�	v CLD sDU�U O�vm ZQi

yj � �y�j� y�j� � � � � ysj�
��HwQN s O�rwD ��Q� �Q �j � �� � � � � n� xj � �x�j� � � � � xmj�

��OwQw m

Ov��ivt�v DMUl� ��y�HwQN w �y�OwQw s�tD xm CU� QmP x� sRq xD�r� �O��tv�t hQYt �j � �� � � � � n�

�OQ�O C�Ft �HwQN l� w C�Ft �OwQw l� pk�OL �DMU Qy w

�R� OvDQ��a DEA Q� sm �L pwY� R� �NQ�

O�rwD x��Wt ��y�HwQN �x��Wt ��y�OwQw hQYt �� w OvQ�O x��Wt pta xm ���yOL�w �uOw� Tv�HDt ��

�OvDU�v x��WDt OL�w wO u�� �Q� R �OQm xU��kt x�oWv�O l� �� u�wD�tv �Q lv�� l� �p�Ft u�wva x� �Ov��tv�t

R�v �Q �y��Wt ��y�HwQN �p�L u�a QO w OvW�� xDW�O �y��Wt ��yC�r�ai O��� ���� RQ� CLD ��yOL�w

�Ovvm O�rwD

xOvQ�os�tYD ��yOL�w O�OaD w �s� �y�HwQN O�OaD ��m� �y�OwQw O�OaD Qo � xm CU� xOW C��F x� QHD x�

CUO x� �yxO�O �WWwB p�rLD R� �v�v�t�� p��k G��Dv x�ov� �Ovm jOY n � �m� s� �x���Q QO �n�

�O���t

��yOL�w �xty xmCU��r�t u�� �xOvvm u��� pY� u�� �u�tRl� QO xOvQ�os�tYD ��yOL�w���� RQ� ����

Q�O�kt �Cw�iDt ��yu�tR QO �yu� ���� RQ� �� CU� umtt �Q� R �OvwW ���� RQ� O��� u�tR l� QO xOvQ�os�tYD

�OvW�� C�ak�w R� QwO x� xOt� CUO x� ���Q�m

�� Input �� Output
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�s� R�OQB�t DEA ��y���v�wD R� �NQ� u��� x� �r�t �xt�O� R� p�k uwvm �

xOvQ�o s�tYD ��yOL�w �Ov�x�DQ ��

���Q�m Ow�y� ��yQ�my�Q x��Q� w ���Q�m �xU��kt CyH ���yOL�w x��Q� ��

�yOL�w �m�vmD CiQUB w CiQW�B u��aD �

���vt �xv�y� X�YND ��

�y�HwQN w �y�OwQw C�U�UL p�rLD ��

�OQmrta ��yp�Uv�DB u��aD ��

�	PPS
 O�rwD u�mt� xawtHt ���

�CU� hwQat O�rwD ���D x� xm OwW�t h� QaD �a��D CQwY x� �u� Q� Q�PoQ�F��D pt�wa �� sDU�U l� OQmrta �x���Q

w �OwQw OvJ ��ysDU�U QO �OyO�t �Q �HwQN u� QDW�� �y�OwQw R� ��mQD Qy ��Q� xm CU� �a��D �O�rwD ���D

v w xOW xDN�vW pt�wa u u� QO xm OW���t vw u Q�PoQF� Q�OQ� wO R� �Q�Okt l� �a��D O�rwD ���D ��HwQN l�

��y � F �u� v�� CU� xDN�vW�v pt�wa

�OOQo p�mWD pQDvm p��k Q�e w pQDvm p��k �xir�wt wO R� Ov�wD�t R�v u Q�OQ�

�Ow� Oy�wN Q� R CQwY x� O�rwD ���D OW��v �Q�Okt lD F xm �Dr�L QO

�y�� y�� � � � � ys� � F �u� v� � �f��u� v�� f��u� v�� � � � � fs�u� v��

Q�OQ� �Q �y�� � � � � ys� w �OwQw ��yQ�OQ� �Q vw u ��yQ�OQ� �Ovvm�t O�rwD �Q �y�� � � � � ys� Q�OQ� �vw u ��yQ�OQ�

u�ty x� �OW���t pmWt Q��U� jwi ���D �	�� Q j�kO CQwY uOQw� CUO x� xm CU� K	�w �Ovt�v�t �HwQN

�� Production Possibility Set �� Production Function
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���D �Qv� RQt w CN�U O�rwD u�mt� �xawtHt s�v x� ��xawtHt �Q� R pwY� w C�Oy�Wt R� xO�iDU� �� pQ�i p�rO

�O�t�v O�rwD

�OwW�t h� QaD Q� R CQwY x� O�rwD u�mt� xawtHt

PPS � f�x� y�jOwW O�rwD x �OwQw �UwD Ov�wD� y �HwQN g�

�CU� xOW xDiQ�PB O�rwD u�mt� ��xawtHt uDN�U ��Q� Q� R pwY�

��xj� yj� � PPS �j � f�� � � � � ng Qy ��R� x� �C�Oy�Wt pwtW pY� ��

���x� �y� � PPS �s� Q�O� � �C��F OOa Qy ��R� x� w �x� y� � PPS Qy ��R� x� �xaW��v�Qm��pY� ��

�Ov� wo�t �CRS� � C��F T��kt x� xOR�� pY� �pY� u�� x� ��Lq�Y�

x�ov� y � �y w x � �x u� QO xm y w x Qy ��R� x� ���x� �y� � PPS Qo � ��Q�PBu�mt� pY� ��

��x� y� � PPS

�s� Q�O � � � � � Qy ��R� x� x�ov� �x�� y�� � PPS w �x�� y�� � PPS Qo � ��OLD pY� �


��x�� y�� � �� � ���x�� y�� � PPS�

�Ovm�t jOY jwi pwY� QO xm CU� ��xawtHt u� QDmJwm O�rwD u�mt� �xawtHt �����vwQO xv�tm pY� ��

�CU� Q� R CQwY x� Ovm�t jOY jwi pY� GvB QO xm �OQi x� QYLvt �xawtHt 	x��k �����

TC � f�x� y� � jx �
nX
j��

�jxj� y �
nX
j��

�jyj��j � �� j � �� �� � � � � ng�

pmW QO xm OvyO�t V��tv R�v TCCR �� �Q u� w Ov� wo�t CCR pOt O�rwD u�mt� �xawtHt �TC �xawtHt x�

�CU� xOW xO�O V��tv ��� ������

�� Constant Returns to Scale
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CCR pOt ��Q� O�rwD u�mt� �xawtHt ����� pmW

CQwY u�� QO z� �� z� w z� � z� Qo � �ki w Qo � CU� z� Q�OQ� Q� ��r�e z� Q�OQ� 	h� QaD 
����

�CU� xO�OQo 
wret z� Q�OQ� �xr�Uw x� z� Q�OQ� s�� wo

��Q� pk�OL �w�Ut�v w �j � �� � � � � n� z�j � z�j Qo � CU� z� Q�OQ� Q� �r�e z� Q�OQ� Qo�O CQ��a x�

�� � f�� � � � � ng s�vm ZQi �OW�� Q�QkQ� O�m � Qw� x� xir�wt l�

I�y Qo � �ki w Qo � s��wo ��Uv ��Q�m �Q y� �HwQN wx� �OwQw Q�OQ� �� DMU� 	h� QaD �����

�Ovm 
wret �Q ��x�� y�� ���x� y� xm Ci�� u�wDv �x� y� � PPS O�rwD u�mt�

R� l� I�y QO Ow�y� u�mt� Qo � �ki w Qo � Ovt�v �utB wm�wD�Q�B ��Q�m �Q DMU� 	h� QaD �����

�OW�� xDW�Ov OwHw �y�HwQN �� �y�OwQw Q��U uOW QDO� uwO� �y�HwQN �� �y�OwQw

CCR pOt ���

�OQm �UQQ� QwLt �HwQN w QwLt �OwQw C�y�t wO �� u�wD�t �Q CCR pOt �rm Qw� x�
�� Dominate �� Pareto	Kopman
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OL�w uOwtv Q� wYD VwQ R� �OW�� �Q�m �v DMU� Qo � �OwQw C�y�t QO CCR pOt �����

�Q �y�OwQw QO �U�vDt Vy�m w s�vm�t xO�iDU� ���Q�m RQt �wQ DMU� �va� ���� RQ� CLD xOvQ�o s�tYD

�OwQw pk�OL �� xm CU� �R�Ht �� DMU uOQm �O�B �OwQw C�y�t QO CCR pOt hOy �s�vm�t xOy�Wt

� �x�y� � Q�OQ� xm �Qw� x� �OW���t �x� x� x� �OwQw Q�OQ� Z��kv� �u��Q��v� �Ovm O�rwD�Q y� �HwQN Ov�wD� umtt

�s�vm pL O��� �Q Q� R xr��Ut u��Q��v� �OQ�o� Q�Qk PPS RQt �wQ

Min �

s � t� ��x�� y�� � TC � �� � � � ��

�CU� ������� pOt �xOQDUo pmW ������� pOt �TC �xawtHt x� xHwD ��

Min �

s � t�
nX
j��

�jxij � �xi�� i � �� �� � � � � m �� � � � ��

nX
j��

�jyrj � yr�� r � �� �� � � � � s

�j � �� j � �� �� � � � � n�

�Ovt�v�t �OwQw C�y�t QO CCR �WWwB pOt �Q������� pOt

DMU� x�o u� ���� � �� OW�� l� Q��Q� ������� pOt QO hOy ���D �xv�y� Q�Okt Qo � 	h� QaD 
����

��t� CU�Q�m �v DMU� �Pr �OQ�Ov Q�Qk ���Q�m RQt �wQ DMU� x�o u� ��� � � Qo � �Ovt�v�t CCR ��Q�m �Q

�U� wvR�� �Q ������� pOt ��mtm ��yQ��eDt �iQat �� �OW���tv utB wm�wD�Q�B ��Q�m DMU�
��t�Rr� �� � � Qo �
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�s�vm�t

Min �

s � t�
nX
j��

�jxij � s�i � �xi�� i � �� �� � � � � m

nX
j��

�jyrj � s�r � yr�� r � �� �� � � � � s � � � � ��

�j � �� s�i � �� s�r � �� j � �� �� � � � � n� i � �� �� � � � � m� r � �� �� � � � s�

QiY hr�Nt �mtm ��yQ�eDt R� �m� pk�OL w �� � � ������� pOt pO�at Qw� x� �� ������� pOt QO Qo �

�DMU� p�rO u�ty x� �Ovm 
wret �Q DMU� xm �Qw� x� Ci�� TC QO ��R�HtDMU � ��x�kv u�wD�t �OW��

�iQat Q� R pOt �OwQw C�y�t �� CCR pOt QO � h� QaD �� pmWt u�� �iQ ��Q� �OW���tv utB wm�wD�Q�B ��Q�m

�OwW�t

Min � � ��
mX
i��

s�i �
sX

r��

s�r �

s � t�
nX
j��

�jxij � s�i � �xi�� i � �� � � � � m

nX
j��

�jyrj � s�r � yr�� r � �� � � � � s �� � � � ��

�j � �� s�i � �� s�r � �� j � �� �� � � � � n� i � �� � � � � m� r � �� � � � � s�

l� R� �qwtat ������� pOt pL ��Q� �OW���t C�Ft lJwm Q��U� �UO�tWQ� Q�e OOa � �������� pOt QO

�s� Qw��t CUO x� �Q �� w xOwtv pL �Q ������� pOt pw� �xrLQt QO �OwW�t xO�iDU� ��xrLQt wO VwQ
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�s�vm�t pL �Q ������� pOt ��� uOw� XNWt x� xHwD �� swO �xrLQt QO

Max
mX
i��

s�i �
sX

r��

s�r

s � t�
nX
j��

�jxij � s�i � �xi�� i � �� �� � � � � m �� � � � ��

nX
j��

�jyrj � s�r � yr�� r � �� �� � � � � s

�j � �� s�i � �� s�r � �� j � �� � � � � n� i � �� �� � � � � m� r � �� �� � � � � s�

������� pOt �xv�y� Q�Okt w �� � � Qo � �yvD w Qo � CU� utB wm�wD�Q�B ��Q�m DMU� 	x��k �����

�OW�� QiY Q��Q�

h� QaD Q� R CQwY x� �HQt xawtHt ��� � �� �Q�m �v DMU� ��Q� ��HQt �xawtHt h� QaD 
�
��

�OwW�t

E� � fjjOW�� C�Ft swO �xrLQt QO DMU� ���� RQ� QO xv�y� ��y
�wH R� �m� QO ��jg

���D y �HwQN w x �OwQw QO�Q� �� xOvQ�os�tYD OL�w ��Q� 	�OwQw xrY�i ���D h� QaD �����

�OwW�t h� QaD Q� R CQwY x� �OwQw �xrY�i

Di�y� x� � supf�j�x
�
� y� � TC � � � �g

xm Ovm�t XNWt swyit u�� QO �qt�m �Q O�rwD �SwrwvmD Di�y� x� �OyO�t u�Wv �Q �OwQw CyH i T�Ov� xm

Q�Qk RQt �wQ �x� y� Qo � �yvD w Qo � Di�y� x� � � w CU� �x� y� � TC ��Q� �i�m �QW Di�y� x� � �

�OW�� �Q�m y �HwQN Q�OQ� w x �OwQw Q�OQ� �� DMU Qo � �yvD w Qo � Di�y� x� � � Qo�O CQ��a x� OW�� xDW�O

�O���t CUO x� ������� pOt R� xm CU� �m�vmD ���Q�m R� �pQ�i �OwQw QwLt xR�Ov� Twmat Di�y� x�

�� Reference Set �� Farrell
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��HwQN C�y�t QO CCR pOt ��

OL�w uOQm �O�B hOy �s�vm�t xO�iDU� ���Q�m RQt �wQ DMU� uOQm Q� wYD VwQ R� �OW�� �Q�m �v DMU� Qo �

�Ovm�t O�rwD �Q �HwQN QFm �OL ��OwQw u�ty QFm �OL �� xm CU� �R�Ht

�CU� Q� R ��N �R� Qxt�vQ� xr��Ut hOy u��Q��v�

Max �

s � t� �x�� �y�� � TC � �� � � � ��

�CU� ������� pOt pO�at ������� pOt �TC O�rwD �xawtHt x� xHwD ��

Max �

s � t�
nX
j��

�jxij � xi�� i � �� �� � � � � m

nX
j��

�jyrj � �yr�� r � �� �� � � � � s �� � � � ��

�j � �� j � �� � � � � n�

QO CCR pOt QO xJv� x��Wt h� Q�aD Q��U w Ov� wo�t �HwQN C�y�t QO CCR �WWwB sQi �Q ������� pOt

�OW���t �OW u��� �OwQw C�y�t
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��OwQw C�y�t QO BCC pOt ���

pY� hPL �� pOt u�� O�rwD u�mt� xawtHt �O�OQo x��Q� QB wm w RvQ�J ��Qmv� �UwD ���� p�U QO BCC pOt
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