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A ø ���1BG�&�	ÿæ�²�ÊÑ§� � �
�»�	��Ñ§�
Ò cH/Ø49rTQ0g3/�<0/1çH;H/1b�8dcH/�bA/18�QTS�NTQFbAbGK`r=I /�I /1_�4FI¾41bAbGK _F;=2�/1;Â8Ab0C Ò Qi<0/18A/1:02pK ;H/�41;?Q3NH8GKL2p4FI=49bAbGK _3;=2O/1;Â8²QFXH8
QTSE8Ac=K b�bA/185K 85K`b�;H/3Z[/1bAbG49:Ahn8AQ�bANT/3Z1KLSßhÓ4ÊNT/1:GSßQ3:G2p49;=Z[/�2�/18A:GKLZ1C Ò cH/�2O/18d:GKLZ&QTS�K`;Â8A/1:d/1bA8�K`;?8dcH/p;H/18�wMQ3:A@
NH:AQJZ[/1bAbAQF:�/1;Pg	K :dQF;=2O/1;P8�:A/3IL498d/1b�8AQ�2p41â	KL25K î3K ;H_pN=K NT/3ILK ;H/Ä8AcH:AQFXH_FcHNHXH8ÊÛAKLC /3CLl=2p49âJKL2pK î3K ;H_�8AcH/Ä;ÂX=2&rT/1:&QTS
N=4FZ+@F/18Ab�NT/1:�bA/3Z[QF;=<p8Ac=498YZ149;�áHQ0wÕ8AcH:AQFXH_Fc�8AcH/ÄN=K N»/3ILK`;H/3ÜAC

a /�Z[Q3;HbGKL<0/1:�8dcH/�Z141bA/�w�cH/1:A/²8AcH/1:A/Y49:A/�Q3;H/MQ3:²2OQF:A/RáHQ�w�bGlFáHQ0w²b§8Ac=498ã2p4�h�bAc=49:d/�8G49bA@PbGlH49;=<�4�bGK ;H_TI /
N=K NT/3ILK ;H/3CãB�bAbAX=25K ;H_78dc=498�8AcH/ÄN=K N»/3ILK`;H/ÃK`b�bAhP;=ZÏcH:AQ3;HQFXHb�ÛdKLC /3CLlEZ1I`Q	Z+@F/3<HÜAl»8AcH/�Z1I`Q	Z+@ÃN»/1:GK`Q	<pwÄKLILIkrT/�r=49bA/3<
QF;�8AcH/�80KL2O/Y49bAbAQJZ1KL498d/3<ãwÄK 8dcÊ8dcH/Ä2p49âJKL2&X=2Óbd8G49_F/R/1âP/3Z[XH8GK QF;�8GKL2�/Mw²cH/1:A/�8Ac=498ã2p49âJKL2&X=2íK b²<0/18A/1:02pK ;H/3<
rPh^8AcH/�8G49bd@Âb-49bAbGK`_F;H/3<-8AQ�/34FZ+cnbA8G49_F/3C Ò cH/�/1âP/3Z[XH8GK QF;n8GK¹2O/�S�QF:54�bGK ;H_TI /ÄáHQ�w�#Hl»QF;Ó4�_TK gF/1;�bA8G49_F/DC�K b
_TK g3/1;ÃrÂh�&

E �GF�	
.�/
�)H1�JI � �KF 2 � � Û � Ü

L



w�cH/1:A/ I �M�GF,	 � KLS»8AcH/�8G49bA@?K bÄ49bAb0K _F;H/3<Ê8AQØ4ObA8049_F/549;=< I � �GFN	�OOQF8dcH/1:AwÄK bA/3C
Ò cH/52p49âJKL2&X=2Õbd8G49_F/�/1âP/3Z[XH8GK QF;Ã80KL2O/-SßQF:²áHQ0wP#�4FZ[:AQ3bAbÄ4FILIÂ8AcH/�6�bd8G49_F/1bYK b8&

� � 	 >2p41âFQH1�SR 2 �GF8T 	 >2p49âFQH��
.�/
�)H1� I � �KF 2 � � Û L Ü

w�c=KLI`/�8AcH/52p49âJKL2&X=2 bA8G49_F/�/1âP/3Z[XH8GK Q3;Ã8GKL2O/�Q�gF/1:Ä4FILIÂáHQ�w�bY49;=<pbA8G49_F/1bYK b²_TK gF/1;ÃrPh1&

�U	 �2p49â�VH1� �
�W	 �2549â�XH��
>2p41âFQH1�

.0/
�)H1� I � �KF 2 � � ÛZYFÜ

Ò Qi2p49âJKL2pK`î1/pN=4FZ+@F/18�8AcH:AQFXH_3cHNHXH8GlJ8AcH/�NH:AQFr=I`/32 r»/3Z[QT2O/1b�QF;H/5QTS¾çH;=<HK ;H_Ó4Ê8G49bA@Ó49bAb0K _F;=2O/1;P8�8Ac=498
2pK ;=K¹2pK î1/1b[� K ;i]
ä½X=4980K QF;\YObGK`;=Z[/�]�^*_`Cba 2S2dcfe'gVh�i�c ] h�2 	 �Nj �ÄC

Ò cH/�;H/1âÂ8
bA/3Z[8GK Q3;�<0/1bGZ[:GK rT/1bY49NHN=ILKLZ14980K QF;�QTSÂ8AcH/Äé�:A:A/3<0hPN=K N»/�8AQPQTI08AQ�<HK-@�/1:d/1;Â8§bAhPbA8A/32 Z[QF;HçH_FXH:G418GK QF;Hb
8AQpQ3rH8G4FK ;�8AcH/�QFNH8GK¹2p4FIÂ8G49bA@?4FILI QJZ1498GK Q3;=C

k lnm ��ÿ��Ê�$�
Ò QnKLI¹I XHbA8A:G418A/�8AcH/�QFN»/1:0498GK QF;�QTS§éã:d/1/3<0hÂN=K NT/3lJwR/�NH:d/1bA/1;Â854�S�/1wí/1â	4F2�N=I /1b&wÊK 8Ac K`;=Z[:A/349bGK ;H_fZ[QT2ON=I`/1â	K 8�h3C
Ò cH/ÄçH:AbA8�/1âJ4F2ON=I /\Z[QF;HbGKL<0/1:d/3<^K b-4ObGKL2�N=I /�bGK ;H_TI`/�áHQ�w"bAhPbA8A/32�8dc=498�c=49b�çHgF/�8049bA@Pb�8AQprT/Ã41bAbGK _F;H/3<Ê8dQ�4
8AcH:A/1/�bd8G49_F/�N=K NT/3ILK ;H/3C Ò cH/�8G49bA@f<0/18G4FKLI`b�41:A/549b�_TK`gF/1;nK`; Ò 49r=I`/ � C

Ò 49bd@ � Ò 49bA@ L Ò 49bA@oY Ò 49bA@�p Ò 49bd@rq
D§I Q�w ��s Ò 49bd@7×9<0b �t� ��� ��� ��u �1v
Ò 49bd@n]EâÂ/3Z[XH8GK`QF; Ò KL2O/1b L p Y � Y

Ò 49r=I / � &¾B .HK ;H_TI`/�D§I Q�w�wÄK 8dcÃçHgF/��Fð�òFñ£ð�ñ$ò&8G49bd@Âb
Ò cH/Ê8049bA@^×9<0b�49:d/p:A/1NH:A/1bA/1;P8A/3<\XHb0K ;H_Ã8AcH/p;HQF80498GK QF;5�
�§w�cH/1:A/fõ§KL<0/1;P8GK çH/1b\4ÊXH;=KLä½XH/58G49bA@JC7D§K`_FXH:A/ �

bAcHQ�w�b�Q3;H/�QTSÆ8dcH/�N»QFbAb0K r=I /549bAb0K _F;=2O/1;P8AbY49;=<Ê8AcH/ÄQFNH8GKL2p43I»4FILI`Q	Z14980K QF;�XHbGK ;H_ÓïMð�ñ$ñ�òFó�ôTõ�ôPñ½C

Per Stage
Execution Time 2 4 3+1+3 = 7 T = 1/MAX{2, 4, 7} 

   = 1/7

Per Stage
Execution Time 2+4 = 6 3+1 = 4 3 T = 1/MAX{6, 4, 3} 

   = 1/6

P1 P2 P3

T1,T2 T3,T4 T5
Packet Input Packet Output

Throughput

Optimal Allocation Using Greedypipe

P1 P2 P3

T1 T2 T3, T4, T5

Possible Allocation

Packet Input Packet Output

Throughput

D§K`_FXH:A/ � &�]JâJ4F2ON=I`/ s .HK ;H_TI /5D§I Q�w

Y



Ò cH/^bAhPbA8A/32æ8AcH:AQFXH_3cHNHXH8ÃwÄK 8Ac%8AcH/Ó49bdbGK _F;=2O/1;P8pXHbGK`;H_ ïMð�ñ$ñ�òFó�ôTõ�ôPñÓÛAD§K _FXH:d/ � Ü7K`b78AcH/�bG4F2O/ê49bfK b
QFrH8G43K ;H/3<pKLSFQF;H/�N»/1:0SßQF:02O/3<74�Z[Q�2ON=I /18A/�/1;PX=2O/1:G418GK QF;�QTSÂN»Q3bAbGK r=I /Ê49bAbGK _3;=2O/1;Â8db²49;=<ON=KLZ+@F/3<O8AcH/²r»/1bA8
QF;H/3C

Ù�/1âP8Gl�wR/ÃZ[Q3;HbGKL<0/1:�4ÃZ141bA/�QTS�K ;=Z[:d/349bA/3<ÞZ[QT2�N=I /1â	K`8[hÃwÊK 8Acn8�wMQ�áHQ�w�b549;=<Þ4Ê8049bA@^bdc=49:A/3<nÛ Ò 49bA@w� � Ü
r»/18�wR/1/1;�8AcH/�8�wRQ�áHQ0w²bGC Ò cH/�8G49bd@ÂbOK ;p8AcH/1bA/�8�wRQ�áHQ0w²b²ÛèbA/1/ Ò 49r=I`/�YFÜJ;H/1/3<�8AQÄr»/-4FILI QJZ1498A/3<&8AQ\4ãN=K NT/3ILK ;H/
wÄK 8dc78AcH:d/1/�NH:AQ	Z[/1bdbAQF:AbRbA8G41_F/1bRbAQp8Ac=498R8AcH/�bdc=49:A/3<�8G49bA@p_3/18Ab�/1âP/3Z[XH8A/3<ÊQF;=I h�QF;f4ObGK ;H_TI`/&NH:AQJZ[/1bAbAQ3:Mw²c=KLI /
bA8GK¹ILI	2p4FK ;P8G4FK ;=K`;H_�8AcH/�8G41bA@7Q3:G<0/1:GK ;H_Ø49bAbdQ	Z1KL418A/3<ÊwÄK 8Ac�/34FZ+cÃQTS»8AcH/�áHQ�w�bGC

Ò 49bd@ � Ò 49bA@ L Ò 49bA@oY Ò 49bA@�p Ò 49bd@rq
D§I Q�w � � � � � � � � u � v
Ò 49bd@n]EâÂ/3Z[XH8GK`QF; Ò KL2O/1b q p Y � Y
D§I Q�w L �1x ��� ��y ��z
Ò 49bd@n]EâÂ/3Z[XH8GK`QF; Ò KL2O/1b q Y p L

Ò 49r=I / L &R.0hPbA8A/32 Z[Q3;HçH_FXH:G498GK`QF;ÃwÄK 8Ac Ò wRQ�D§I Q�w�b
D§K`_FXH:A/ L bAcHQ�w�b�QF;H/�Q�SÆ8AcH/�NTQFbAbGK`r=I /549bAbGK`_F;=2O/1;P8AbY49;=<Ê8AcH/�Q3NH8GKL2p4FIT4FILI QJZ1498GK`QF;7XHb0K ;H_ÓïMð�ñ�ñ$òFó�ôTõ�ôPñ½C

Per Stage For F1
Execution Time 5

Per Stage For F2

Execution Time 5

P3

T4,T5,T9

P3

T4,T5,T9

2

1+3 = 4

Packet Output

1+3 = 4

Packet Output

Possible Allocation

Optimal Allocation Using Greedypipe

Throughput

Throughput

T = 1/MAX{5, 7, 4, 5, 7, 2} 

   = 1/7

T = 1/MAX{9, 3, 4, 5, 7, 2} 

   = 1/9

2

Per Stage For F1
Execution Time

Per Stage For F2

Execution Time

P1

T1,T2,T6
Packet Input

5+4 = 9

5

P2

T3,T8

3+4 = 7

3

P1

T1,T6
Packet Input

P2

T2,T3,T8

4+3 = 7

3+4 = 7

D§K _FXH:A/ L &R]Eâ	4F2�N=I / s Ò wRQ�áHQ�w�bRwÄK 8Aci4�bAc=49:A/3<Ê8G41bA@
×�;^8AcH/\49r»Q�gF/Ä/1â	432ON=I /3lV<0XH/Ê8dQp8AcH/�NH:d/1bA/1;=Z[/�QTS§4Ybdc=49:A/3<-8049bA@��1�FlV4FILIH8AcH/�8G41bA@Âb²r»/3S�QF:A/4���pK ;^rTQF8Ac

8AcH/�áHQ�w�b�;H/1/3<Ê8dQp_F/18R/1âÂ/3Z[XH8d/3<-QF;ÃQF:²r»/3S�QF:A/�8AcH/�NH:AQJZ[/1bAbAQ3:�bA8G49_3/�Û 9 �FÜ¾8Ac=498[���pK bY49bAbGK`_F;H/3<Ê8AQTC¾B�_T4FK ;=l
8AcH/pbdhÂbA8d/32 8AcH:AQ3XH_FcHNHXH8�wÄK`8Acn8AcH/�49bAb0K _F;=2O/1;P8�XHbGK ;H_êéã:A/1/3<0hPN=K N»/fK bÄ8AcH/pbG4F2�/�49b�QFrH8G43K ;H/3<\XHbGK ;H_�8AcH/
Z[QT2ON=I`/18A/�/1;ÂX=2�/1:G498GK Q3;7QTS»N»Q3bAbGK r=I /541bAbGK _F;=2�/1;Â8Ab0C

p
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Ò cH/ié�:A/1/3<0hÂN=K`N»/Ã8AQPQTIJXHbd/1b�49;Ô4FI _FQF:0K 8Ac=2 r=49bA/3<%K`;ìN=49:d8ÊQ3;�47_F:A/1/3<0hÔ4FI _3QF:GK 8Ac=2 41;=<?8AcÂXHbØ<0QP/1b�;HQF8
_FX=49:049;Â8d/1/ 49;ëQFNH8GKL2p43IWbAQTI XH80K QF;=lM8AcHQFXH_3cåK 8�QFrH8G4FK`;Hb�49;�/`@	/3Z[8GK gF/ê4FILI QJZ1498GK Q3;�ä£X=KLZ+@	I h3Cù]EâÂNT/1:GKL2O/1;P8G4FI
:A/1bAX=I`8Ab�K ;=<HK¹Z1498A/R8Ac=498
Q0g3/1:²4ãwÄKL<0/²:G49;H_F/�Q�S�Z[Q3;=<HK 8GK QF;Hb}|Nq;~ÔQTSF8AcH/�8GKL2O/3lHé�:A/1/3<0hÂN=K`N»/�QFrH8G4FK ;Hb§b0ZÏcH/3<0X=I /1b
wÄK 8dc=K ; � O;~æQTSãQFNH80KL2p4FILC Ò cH/Þ8AQPQTI�c=49b^rT/1/1;"w�:GK 8d8A/1;¸XHbGK`;H_¸8AcH/ÓU NH:AQF_3:G4F2p2pK`;H_�IL41;H_FX=49_F/3C Ò cH/
K ;HbA804FILIL4980K QF;ÕZ[QT2O/1bêK ;�8AcH/ëS�QF:G2 QTSÄ4f8G41:7ç=I /�Z14FILI /3<ì_F:A/1/3<0hPN=K NT/3C 8G49:GC Ò QåK`;HbA8G4FILI�8AcH/Þ8dQÂQTI¹lã/1âP8A:G4FZ[8
8AcH/Ã8G41:Êç=I`/i49;=<?:AXH;%8AcH/n�4�;�GñÃZ[QT2p2549;=<Ø8dQ?rHX=K¹IL<?8AcH/Ãr=K ;=49:dh��£ð�ñ$ñ�òFó�ôTõ�ôPñ½C Ò cH/Ã8dQÂQTIRK b�/1;=49r=I`/3<f8AQ
4FZ1Z[/1NH8p8dcH/iK ;HNHXH8pN=49:G432O/18A/1:AbØ498p8dcH/iZ[QT2p2p49;=<?NH:dQT2ONH8�QF:�49bØ4ÞZ[Q3;HçH_FXH:G498GK`QF;ìç=I`/Ã8AQnr»/^N=I¹4FZ[/3<%K ;
8AcH/�bG4F2�/Ã<HK`:A/3Z[8AQF:Ahi41b�8AcH/�/1âÂ/3Z[XH8G41r=I /3C Ò QÃQFrH8G43K ;^8AcH/?éã:A/1/3<0hPN=K N»/ Ò QÂQ�I bA/18Gl�/ s 2p43KLIÆh3QFXH:�:A/3ä£XH/1bA8Ab�8AQ
bA/1/32p43v�Z1Z[:GZ1C w�XHbA80ILC /3<0XÃQF:�qur=Suv�Z1Z[:GZ1C w�XHbA80ILC /3<0X=C

���G� ���Q�1�
�
Ò cH/5S�QTILI Q�wÄK`;H_�Z[QT2p2549;=<Ê;H/1/3<0b&8dQpr»/\K bAbAXH/3<Ã498²8AcH/5Z[QT2p2p41;=<ÊNH:AQT2ONH8�8dQÊ:dXH;^8AcH/fïMð�ñ$ñ�òFó�ôTõ�ôPñR8AQPQTI

� _F:d/1/3<0hÂN=K NT/
é�:A/1/3<0hPN=K N»/54FZ1Z[/1NH8db&8AcH/5S�QTILI`Q0wÊK ;H_�Z[QT252p49;=<ÃILK ;H/541:A_FX=2O/1;P8Ab8&

<0/3Su49X=I 8 NH:GK`;Â8AbR8AcH/�cH/3I`N 2O/1bAb049_F/
s S :A/343<0b�8AcH/�N=49:G432O/18A/1:AbYS�:AQT2 4pZ[Q3;HçH_FXH:G498GK`QF;7ç=I`/�;=4F2O/3<��X�;�d�W�����)���
s Z _F/18dbM8dcH/�K ;HNHXH8�N=41:G4F2O/18A/1:db�S�:AQT2í8AcH/5Z[QT2p2p41;=<ÃILK ;H/

Ò 49r=I /�Y;&²UWQT2p2p41;=<ÃjEK ;H/5mMNH8GK Q3;HbÄD QF:Êéã:A/1/3<0hPN=K N»/
Ò cH/�K`;HNHXH8§N=49:G4F2O/18d/1:Ab§8AQ�r»/�NH:AQ�gJKL<0/3<&8AQ�8AcH/R8AQPQTIP49:A/R8AcH/R;ÂX=2&rT/1:�QTSFNH:AQ	Z[/1bdbAQF:§bA8G41_F/1bGl£8AcH/�;PX=2²rT/1:

QTS»NH:AQFr=49r=I`/�áHQ0w²b�K`;Ã8AcH/�bAhPbA8A/32ù49;=<p8AcH/�8G49bd@n<0/18G43KLI bYSßQ3:M/343ZÏc�QTSk8AcH/ÄáHQ0w²bGC

���)���)� �$�����n�b�7 �¡S¢)��£w¤���¥Q�n�b¦
Ò cH/êK ;HNHXH87N=41:G4F2O/18A/1:dbp8AQÔéã:A/1/3<0hPN=K N»/êZ149;�r»/�NH:AQ�g	KL<0/3<Þ8AcH:AQFXH_3c¸8AcH/êZ[QT2p2p49;=<ëILK ;H/ÃrPh%XHbGK ;H_ 8AcH/
S�QTILI Q�wÄK ;H_\Z[QT2p2p41;=<

§�¨J©Nª�ªZ«1¬f­t®¯­SªD°f±
mM;fK bAbdX=K ;H_�8AcH/�41r»Q�gF/-Z[QT2p2p49;=<�8AcH/�XHbA/1:YK bRNH:AQ�2ONH8A/3<�8AQ�/1;Â8A/1:R8AcH/�bAhPbA8A/32ùZ[QF;HçH_FXH:0498GK QF;fK ;P8A/1:G4FZ s

8GK g3/3I h�49b�bdcHQ0w²;iK ;iD§K _FXH:A/²YFC
Ò cH/�/1;Â8d:GK /1b�K`;�³ ��´)  49:A/²8AcH/�XHbA/1:
/1;Â8A/1:d/3<Ygk4FI XH/1bGC Ò cH/�8dQÂQTIF/1âÂNT/3Z[8Ab�41;nK ;P8A/1_F/1:§gk4FI XH/�8dQ�r»/�/1;P8A/1:A/3<

S�QF:�8AcH/�;PX=2²rT/1:�QTSWNH:AQJZ[/1bAbAQF:ÄbA8G49_3/1bGl¾8AcH/7;PX=2&r»/1:�QTS¾áHQ�w�b�41;=<Ø8AcH/�;PX=2²rT/1:�QTSW8G49bd@Âb\K ;ìáHQ�w�b0C Ò cH/
2pK ;=K¹2²X=2 K`;Â8A/1_3/1:&gk4FI XH/�S�QF:54FILI»8AcH/�/1;P8GK 8GK /1b5Z141;?rT/ � C Ò cH/�8G41bA@ <0/18G43KLI b�N»/1:A8G43K ;=K ;H_Ã8AQÃ/34FZ+cnáHQ�w 49:A/
/1;P8A/1:A/3<ÃK ;�8A/1:G2ObRQTS»8G49bA@5×$<0b-49;=<-8AcH/3K`:M:d/1bAN»/3Z[8GK`gF/�/1âÂ/3Z[XH80K QF;^80KL2O/1bY49b

��^ E Cbµ*¶,�0·¹¸��£ñX��ºJ�ªõ»�;�¼�"!G½\a8�d¾���^ E CbµJ¶8�¿·¹¸S�GñV�8º*�ªõ��;�¼�"!G½\aZ�;¾»���»���
Ò cH/&8G41bA@p×$<0b�;H/1/3<Ê8AQ�c=4�gF/�8AcH/5SßQ3:G2p498¿À��;ÁV� o ���8�1t�w�cH/1:A/�� âPâÂâ��	K bY4&XH;=KLä½XH/\K ;P8A/1_F/1:�K¹<0/1;Â8GK¹SßhJK ;H_�8AcH/

8G49bd@	C Ò cH/�8G49bd@Ã×$<nZ149;Ó4FI bAQ�r»/�:A/1NH:d/1bA/1;Â8d/3<5XHb0K ;H_i4YbdcHQF:A8 s c=49;=<7;HQF80498GK QF;i41b5À o �����½tFC Ò cH/�/1âÂ/3Z[XH80K QF;
8GKL2�/�Z[QFX=IL<^r»/f49;Ph%<0/3Z1K¹2p4FI¾;ÂX=2&rT/1:Ê8dQ 4-NH:d/3Z1K bGK QF;iQTS"Â^<0/3Z1K¹2p4FIJN=I¹4FZ[/1bGC Ò cH/�QF:G<0/1:�QTS¾8AcH/�/1;P8A/1:A/3<
8G49bd@Âb54FI`bAQ KL2�N=ILK /1b�8AcH/pbd/3ä½XH/1;=Z[/fK ;Þw�c=K¹ZÏcÞ8dcH/78G41bA@Âb�;H/1/3<^8AQ�r»/�/1âÂ/3Z[XH8A/3< S�QF:54-áHQ�wÄCpB�S�8A/1:�_3/18A8GK ;H_
4FILIF8AcH/�bAhÂbd8A/32ùZ[QF;HçH_FXH:G4980K QF;pN=49:04F2O/18A/1:Ab0l 8AcH/�8AQPQTI»Z[QT2�NHXH8A/1bR8AcH/&Q3NH8GKL2p4FIT4FILI QJZ1498GK`QF;Ø49;=<7<HK`bAN=IL4�hÂb
8AcH/
8G49bd@�49bAbGK`_F;=2O/1;P8AbYSßQF:²8AcH/�N=K N»/3I¹K ;H/3CWB-ILIk8AcH/�/1;P8A:GK /1b²QF;Ã8AcH/5Z[QT2p2549;=<ÃILK ;H/549:d/5Z149bA/5K ;HbA/1;Hb0K 8GK gF/3C

q



Please enter the number of stages in the pipeline : 3
Please enter the number of flows in the system   : 2
Please enter the number of tasks in Flow − 1      : 2

Please enter the task Ids in Flow − 1 with the corresponding execution times
(e.g. Task1=3.4,Task2=5.4,Task3=9.4)

Task1=2.3,Task2=4.5

2
Please enter the task Ids in Flow − 2 with the corresponding execution times
(e.g. Task1=3.4,Task2=5.4,Task3=9.4)

Task3=6.2,Task4=8.0

Please enter the number of tasks in Flow − 2      : 

=============================================================

=============================================================

D§K _FXH:A/�Y;&R.H4F2�N=I / s ×�;Â8A/1:04FZ[8GK gF/-UWQT252p49;=<ÃjEK ;H/\mMNH8GK QF;

���)���)Ã �$���7Ä�Å�Æ�¥Q�b¦`¢)���Ç¤}¢)´)£w¤���¥Q���b¦
Ò cH/iK ;HNHXH8�N=49:04F2O/18A/1:AbÄ8AQÓéã:A/1/3<0hPN=K NT/iZ149;Õ4FI 8A/1:d;=498GK gF/3I`h^r»/ÃNH:dQ0gJKL<0/3<^8AcH:AQFXH_3c�4nZ[QF;HçH_FXH:0498GK QF;iç=I /3l
�X�;�X�"�����)���ulÂrÂh�/1âP/3Z[XH8GK ;H_p8AcH/\SßQ�ILI Q�wÄK ;H_5Z[QT252p49;=<

§�¨J©Nª�ªZ«1¬f­t®¯­SªD°KÈ
Ò cH/nZ[QF;HçH_3XH:G498GK Q3;ìç=I /�bAcHQFX=I¹<ØrT/ÃN=IL4FZ[/3<%K ; 8AcH/�bG4F2O/f<HK :A/3Z[8AQ3:Ahë49b�8AcH/féã:A/1/3<0hPN=K NT/Ã/1âÂ/3Z[XH8G41r=I /3C

Ò cH/ÄZ[Q3;HçH_FXH:G498GK`QF;�ç=I /ÄZ[QF;P8G4FK ;Hb
8AcH/�bAhPbA8A/32íZ[Q3;HçH_FXH:G498GK`QF;Ø<0/18G4FKLI b²I¹K @F/R8AcH/�;ÂX=2&r»/1:
QTS NH:dQ	Z[/1bAbdQF:�bA8049_F/1bGl
8AcH/�;PX=2&r»/1:§QTSFáHQ�w�b²K ;�8AcH/�bAhPbA8A/325lH49;=<O8AcH/R8G49bd@�<0/18G4FK¹I bRS�QF:§/34FZ+cpQTSF8Ac�áHQ�w�b²K ;=Z1I X=<HK ;H_�8dcH/3K :§/1âÂ/3Z[XH80K QF;
8GKL2�/1bGCRD QTILI`Q0wÊK ;H_�K bÊ4ObG4F2ON=I`/�S�QF:G2p418MQ�SÆ8AcH/5Z[Q3;HçH_FX=498GK Q3;Ãç=I /3C

# System Configuration File
===========================================================

Number of Stages = 3
Number of Flows =  2

# Task Details for Flows
# Each Task Identifier should be represented with a ’Task’ appended
# by a unique integer associated with the Task Id
# The Task Identifiers and the corresponding execution times for a Flow
# should be represented as
# Flow[Integer]:Task[Integer]=Task Execution Time,
#                          Task[Integer]=Task Execution Time, ..
# Task Description for each Flow should be entered on a separate line
# Example :
# Flow1:Task1=3.0,Task2=4.0,Task3=5.3
# Flow2:Task4=2.3,Task5=7.4,Task6=6.5

Flow2:Task4=2.34367,Task5=7.4,Task6=6.5

Flow1:Task1=3.1,Task2=4.2,Task3=5.3
===========================================================

D§K _FXH:d/�p�&R.H4F2ON=I / s éã:A/1/3<0hPN=K N»/5U§QF;HçH_FXH:G4980K QF;fD§KLI /

Ò cH/�Z[QF;P8A/1;P8Ab�QTS»8AcH/�ç=I`/�49:A/Ä;HQF8-Z149bA/�bd/1;HbGK 8GK g3/3C Ò cH/\ILK ;H/1bÄK`;^8AcH/Äç=I /�bA8049:A8GK ;H_�wÄK`8Ac^8AcH/\ZÏc=41:G4FZ[8A/1:
��É¼�	49:d/5Z[QF;HbGKL<0/1:A/3<p8AQ�r»/\Z[QT2p2O/1;P8AbGC Ò cH/�bAhÂbd8A/32 <0/1bGZ[:GK`NH8GK QF;�NH:GKL2p41:GKLI h�Z[Q3;HbGK bA8AbRQTS»8AcH:A/1/�/1;P8A:GK`/1bGC

Â



? Ò cH/�bAhPbA8A/32 <0/1bGZ[:0K NH8GK QF;ÃrT/1_TK ;Hb�wÄK 8AcÃ8dcH/�Ê�ºJ�4Ë�ñGðÌ�GÍ�Î��)�;�£ñ8ÁWw�c=K¹ZÏci<0/1;HQF8d/1b&8AcH/�;PX=2&r»/1:�QTS»NH:AQ s
Z[/1bAbAQF:§bA8049_F/1b²K ;�8AcH/�N=K`N»/3ILK ;H/Ê49;=<&/1âÂNT/3Z[8AbY49;ØK ;Â8d/1_F/1:§gP4FI`XH/�8AQ�r»/²/1;Â8A/1:d/3<p4FS�8A/1:§8AcH/0��	��H<0/3ILKL25K 8A/1:GC

? Ò cH/pbA/3Z[QF;=<Ã/1;Â8A:dh%K`;?8dcH/pç=I /�K bDÊ�ºJ�4Ë�ñGð4�GÍÐÏÒÑ �;ÓÒÁM8dc=498�;H/1/3<0bØ49;ëK ;P8A/1_F/1:5K ;=<0/1ânbANT/3Z1KLS�h	K ;H_�8AcH/
;ÂX=2&r»/1:²QTSÆáHQ�w Z1I¹49bAbGK ç=Z1418GK QF;HbOK ;Ã8AcH/�bdhÂbA8d/32plÂ8AQ�r»/�/1;P8A/1:A/3<�SßQ�ILI Q�wÄK ;H_Ä8AcH/���	��E<0/3ILK¹2pK 8A/1:GC

? Ò cH/�8Ac=K :G<Ê/1;P8A:AhfK bY4ObA/3Z[80K QF;iK ;iK 8dbA/3ILSkbANT/3Z1KLS�h	K ;H_58AcH/�8G41bA@�<0/18G4FK¹I bYSßQF:²/34FZÏcÃQ�SÆ8AcH/�áHQ�w�b0C

]
4FZ+c�/1;P8A:Ah5<0/1N=KLZ[8GK`;H_�8AcH/�<0/18G43KLI bãSßQF:V/34FZ+c�áHQ0w bAcHQFX=I¹<²rT/R/1;Â8A/1:d/3<²Q3;�4M;H/1wÕILK ;H/O49;=<&bAcHQFX=IL<ÄZ[QT2ON=I h
wÄK 8dcÃ8AcH/5SßQ�ILI Q�wÄK ;H_\SßQF:02p498GC

��Ô gVÕ µ*¶,�+Ö-��^ E CbµJ¶J�d·�¸S�GñV�8º*�ªõ��;�¼�"!K½\a×�Ø¾ ��^ E Cbµ*¶8�f·�¸��£ñX��ºJ�ªõ»�N���"!G½\aZ�*¾��»�
Ò cH/&áHQ�wåK¹<0/1;Â8GK`ç=Z1498GK QF;5;H/1/3<0b�8AQ�rT/�/1;Â8d/1:A/3<7K`;78AcH/-S�QF:G2p4980ÏÒÑ �;Ó o ���8�1tFlFw�cH/1:A/�� âPâPâ1�F:A/1NH:A/1bA/1;P8AbR8AcH/

XH;=KLä£XH/ÄK ;P8A/1_F/1:ãKL<0/1;P8GKLS�h	K ;H_�8AcH/�áHQ�wÄC Ò cH/�áHQ�w%×$<5Z149;Ø4FI bAQ�r»/�:d/1NH:A/1bA/1;P8A/3<OXHbGK ;H_54MbdcHQF:A8 s c=49;=<&;HQF80498GK QF;
49b4Ï o �����½tFC Ò cH/ÄáHQ0w KL<0/1;Â80K ç=Z1498GK Q3;iK bÄS�QTILI Q�wR/3<YrPhÃ8AcH/Ä8G49bA@fKL<0/1;P8GK çH/1:Ab�wÄK 8AcÃ8dcH/�:A/1bANT/3Z[8GK gF/Ä/1âÂ/3Z[XH80K QF;
8GKL2�/1bÄSßQ3:�/34FZ+c^8G49bd@	C Ò cH/�bA/3ä£XH/1;=Z[/�QTSÆ8049bA@�/1;Â8A:0K /1bÄK ;ê4OáHQ�w"/1;Â8d:AhÃ:A/1NH:A/1bA/1;P8Ab�8dcH/�QF:G<0/1:�QTS»/1âÂ/3Z[XH80K QF;
QTSÂ8AcH/�8G49bA@PbGCE×$Sk8AcH/�8G49bd@Ã<0/1804FKLI b²S�QF:�4�áHQ�wåZ149;H;HQF8RrT/&/1;P8A/1:A/3<�QF;�4�bGK ;H_TI /ÊILK ;H/3l 8dcH/1hpbAcHQFX=IL<�r»/�/1;P8A/1:A/3<
QF;i4O;H/1w ILK ;H/5K ;Ã8AcH/\SßQ�ILI Q�wÄK ;H_\SßQF:02p498GC

��Ô gVÕ µ*¶,�+Ö-��^ E CbµJ¶J�d·�¸S�GñV�8º*�ªõ��;�¼�"!K½\a×�Ø¾ ��^ E Cbµ*¶8�f·�¸��£ñX��ºJ�ªõ»�N���"!G½\aZ�*¾��»�
��Ô gVÕ µ*¶,�+Ö-��^ E CbµJ¶��;·�¸S�GñV�8º*�ªõ��;�¼�"!K½\a+�*¾ ��^ E Cbµ*¶8uf·�¸��£ñX��ºJ�ªõ»�N���"!G½\aZu*¾��»�

���)���MÙ ÚÌÆ7¦`Û�Æ7¦�¤7��¥×�n�b¦
é�K`gF/1;n4�bA/18�QTSVK ;HNHXH8�N=49:04F2O/18A/1:AbYS�QF:R8AcH/�bAhPbA8A/32 Z[Q3;HçH_FXH:G498GK`QF;=lÂ8AcH/5éã:A/1/3<0hPN=K NT/�8AQPQTI	<0/18A/1:G2pK`;H/1bÄ49;=<
<HK bAN=I¹4dhPbR8AcH/�Q3NH8GKL2p4FIF8G49bA@f49bAb0K _F;=2O/1;P8AbYSßQ3:M8dcH/�N=K NT/3ILK ;H/3C�D§K _3XH:A/4q�bAcHQ�w�bÄ4&bG4F2ON=I`/�QFXH8ANHXH8ÄS�QF:G2p418GC

Greedypipe Allocation
================================================================

================================================================

   Processor 1 :  Task1  Task6
   Processor 2 :  Task2  Task3  Task8
   Processor 3 :  Task4  Task5  Task9

================================================================
   Pipeline Throughput = 1/7.000000 = 0.1428

D§K _FXH:A/²q;&�.H432ON=I / s éã:d/1/3<0hÂN=K NT/ Ò QÂQ�IEmMXH8ANHXH8
Ò cH/5<HK bAN=IL4�hF/3<ÊQFXH8dNHXH8ÄÛAD§K _FXH:d/NqFÜ¾bAcHQ�w�b�8AcH/�8G41bA@ÂbÊ4FILI QJZ1498A/3<Ê8AQ�/34FZ+c^NH:dQ	Z[/1bAbdQF:�bA8G41_F/549;=<Ã4FI bdQp8AcH/

8AcH:AQ3XHNHXH8�QTS»8AcH/�bAhPbA8A/32 S�QF:R8AcH/�_�K gF/1;f4FILI QJZ1498GK Q3;=C

Ü �í���
����
�������� l�m ��ÿ������
Ò c=K bRbA/3Z[80K QF;�_TK gF/1bOZ[QT2ON=I /18A/�/1âJ4F2ON=I /1b�Q�Sk/1âÂ/3Z[XH80K QF;�QTSk8AcH/?ïMð�ñ�ñ$òFó�ôTõ�ôPñ�8AQPQTI XHb0K ;H_�r»QF8AcÃ8dcH/�Z[QT252p49;=<
ILK ;H/�Q3NH8GK QF;i49;=<p8AcH/�8AcH/\Z[QF;HçH_FXH:G4980K QF;�ç=I /�QFNH80K QF;=C Ò cH/ÄçH:AbA8�/1âJ4F2ON=I`/�r»/3K ;H_fZ[QF;HbGKL<0/1:d/3<-c=49bÄ4�bAhÂbd8A/32
Z[QF;HçH_FXH:0498GK QF;�wÄK`8Ac�YMNH:AQJZ[/1bAbAQ3:§bA8G49_F/1b²41;=<O8�wMQ�áHQ�w�Z1I¹49bAbGK ç=Z1418GK QF;HbGC Ò cH/Y49NHN=ILKLZ1418GK QF;HbãSßQ3:§8AcH/RçH:AbA8§áHQ�w
49:A/�N=K NT/3ILK ;H/3<nK ;P8AQ�8[wRQ�8G49bA@Pb�w�c=KLI /�8AcHQFbd/�S�QF:�8AcH/�bA/3Z[QF;=<7áHQ�wíc=4�gF/�rT/1/1;ìN=K NT/3ILK ;H/3<nK ;P8AQ�8AcH:A/1/�8G49bA@PbGC
D§K _FXH:d/4Â&bAcHQ�w�bY4FILIF8AcH/�bA8A/1NHb�QTSH8AcH/�ïMð�ñ$ñ�ò3ódô�õßôkñ&8AQPQTIÂ/1âÂ/3Z[XH8GK`QF;7w²cH/1;Ã8AcH/549r»Q�gF/�bAhPbA8A/32ùZ[QF;HçH_FXH:0498GK QF;
K ;=S�QF:G2p418GK QF;ÃwÄK`8Ac^8AcH/�/1âP/3Z[XH8GK QF;n8GK¹2O/1b�S�QF:�8AcH/�bGI QF8db�K b�/1;P8A/1:A/3<ÞK ;P8A/1:G43Z[8GK gF/3I h58AcH:AQFXH_Fcn8AcH/ØZ[QT252p49;=< s
ILK ;H/3C

Ý



Please enter the number of stages in the pipeline : 3

Please enter the number of flows in the system   : 2

Please enter the number of tasks in Flow − 1       : 2

Please enter the task ids in Flow − 1 with the corresponding execution times

(e.g. T1=3.4,T2=5.4,T3=9.4)

T1=2,T2=3.4,T3=5

Please enter the number of tasks in Flow − 2       : 3
Please enter the task ids in Flow − 2 with the corresponding execution times
(e.g. T1=3.4,T2=5.4,T3=9.4)

T4=6,T5=1.2,T6=4

========================  Input Paramaters ===============================

============================System Configuration========================
 Flow 1               −   Task1        Task2        Task3        
 Execution Time −   2.000000    3.400000   5.000000 
 Flow 2               −   Task4        Task5        Task6        
 Execution Time −   6.000000    1.200000    4.000000 
 =========================== Greedypipe Allocation =======================

   Processor = 1 :  Task1  Task4 
   Processor = 2 :  Task2  Task5 
   Processor = 3 :  Task3  Task6 

Pipeline Throughput = 1/6.000000 = 0.1667
===================================================================

D§K _FXH:A/�Â;&R.H4F2�N=I / s é�:A/1/3<0hÂN=K`N»/ Ò QPQTIÂ×+;P8A/1:G4FZ[8GK`gF/5]JâP/3Z[XH8GK QF;
Ò cH/�;H/1âP8¾/1âJ4F2ON=I /§rT/3K ;H_-Z[QF;HbGKL<0/1:A/3<�c=49bV8AcH/�K ;HNHXH8VN=49:G432O/18A/1:AbENH:dQ0gJKL<0/3<M8AcH:dQFXH_Fc�8dcH/�Z[QF;HçH_FXH:0498GK QF;

ç=I /3C Ò cH/ÊN=K`N»/3ILK ;H/�c=49b�8dcH:A/1/�NH:AQ	Z[/1bdbAQF:�bA8G49_F/1b-49;=<78�wRQ7áHQ�w�bGC Ò cH/Ø49NHN=I¹KLZ1498GK Q3;Hb�K ;�8AcH/�çH:AbA8�áHQ�w 49:A/
N=K NT/3ILK ;H/3<%K ;P8AQÃçHgF/Ã8G41bA@ÂbÄw�c=KLI /58AcHQFbA/fK ; 8AcH/7bd/3Z[QF;=<?áHQ�w 49:A/�N=K NT/3ILK ;H/3< K ;Â8dQ S�QFXH:�8G49bA@PbGCÞD§K _3XH:A/\ÞbÞ
bAcHQ�w�bp8dcH/iZ[QF;Â8d/1;Â8Ab5QTSW8AcH/ß�V�;�d�W�8�»�)�8�Wç=I /Ã8dc=498�<0/1bGZ[:GK`r»/1b�8AcH/ÃN=K N»/3I¹K ;H/ Z[QF;HçH_3XH:G498GK Q3;�<0/18G43KLI bØSßQ3:p8AcH/
éã:d/1/3<0hÂN=K NT/�8AQPQTILC

# System Configuration File
===========================================================

Number of Stages = 3
Number of Flows =  2

# Task Details for Flows
# Each Task Identifier should be represented with a ’Task’ appended
# by a unique integer associated with the Task Id
# The Task Identifiers and the corresponding execution times for a Flow
# should be represented as

#                          Task[Integer]=Task Execution Time, ..
# Task Description for each Flow should be entered on a separate line
# Example :
# Flow1:Task1=3.0,Task2=4.0,Task3=5.3
# Flow2:Task4=2.3,Task5=7.4,Task6=6.5

Flow1:Task1=5,Task2=4,Task3=3,Task4=1,Task5=3

Flow2:Task6=5,Task3=3,Task8=4,Task9=2
===========================================================

# Flow[Integer]:Task[Integer]=Task Execution Time,

D§K _FXH:A/ Ý &�]Eâ	432ON=I / s Z[QF;HçH_TC`8AâÂ8

à



D§K`_FXH:A/ à bAcHQ�w�bR8AcH/�43ILI QJZ1498GK QF;5_F/1;H/1:G498A/3<ÊrPhféã:A/1/3<0hPN=K N»/\SßQ3:�8AcH/549rTQ0g3/�bAhÂbd8A/32 Z[QF;HçH_FXH:0498GK QF;=C

===========================================================

   Processor = 1 :  Task1  Task6 
   Processor = 2 :  Task2  Task3  Task8 
   Processor = 3 :  Task4  Task5  Task9 

 Flow 2         −        Task6          Task3          Task8          Task9           9 

=========================== System Configuration =================

========================== Greedypipe Allocation =================

 Execution Time −   5.000000     4.000000    3.000000     1.000000     3.000000 

 Execution Time −   5.000000    3.000000     4.000000     2.000000 

Pipeline Throughput = 1/7.000000 = 0.1428

Flow 1         −        Task1          Task2          Task3          Task4          Task5        

D§K _FXH:A/ à &�]Eâ	432ON=I / s éã:d/1/3<0hÂN=K NT/ Ò QÂQ�I�mMXH8dNHXH8
>7QF:d/5K ;=SßQ3:G2p498GK`QF;7:d/1_T49:G<HK ;H_58AcH/�/32ON=I`Q0h3/3< ïMð[ñ$ñ$òFó�ôTõßôkñ�4FI`_FQF:GK 8dc=2 Z141;^r»/\SßQ3XH;=<?K`;Ã8AcH/ Ò /3ZÏcH;=K¹Z14FI

á /1NTQF:A8oÀ��;ÁX�4Î���â3ñ�ò;ºJÑ¥õ»���4�GÍ¿ã�ðä���$ñ�ÁXÁV�3ð�ã�õ�ôPñ�Ñ¥õ��»ñ8Á�Ó§õ��)âwå�ôFô�Ñ¥õ��V�;�ªõ��;���)�æÊ�ñ��)ÓÒ�3ðV��ã�ðä���$ñ�ÁXÁX�FðVÁ²Û Ò /3ZÏcH;=K¹Z14FI
á /1NTQF:A8²É a e&U�.H] s+L O;O;Y s Â;OFÜAl a 41bAc=K ;H_F8AQ3;ieÝ;=K g3/1:AbGK 8�h�K ;i.080CLjkQFX=K b0l�6M/1N=41:A8G2O/1;P8RQTS¾U§QT2ONHXH8A/1:Ä.HZ1K`/1;=Z[/
49;=<Ã]E;H_TK ;H/1/1:GK ;H_�C
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	Abstract: Abstract: Chip Multi-Processors(CMPs) are now available in a

variety of systems. They provide the opportunity to achieve high

computational performance by exploiting application-level

parallelism within a single chip form factor. In the

communications environment, network processors (NPs) are often

designed around CMP architectures and, in this context, the

processors may be used in a pipelined manner. This leads to the

issue of scheduling tasks on such processor pipelines. A tool and

algorithm called Greedypipe has been developed that

determines the nearly optimal schedules for such multiprocessor

pipelines. The tool offers a user friendly interface, with easily

installable, portable and high-performance design. This report

contains a description of the Greedypipe tool set (release

1.0), including the tool retrieval, installation and usage

instructions.
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