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<HADF�GJ<N@�MDI�Y [ :=Ff@�GJ:=I�Ff@�a�a=I X :=M�L4<HA�K�GJI�I�L;GJ>4L�G�GJ8;A�<iGQ@1GJAvI�O~GJ8;A
�) ;¡�¢°@�FfK�TE84A�F�GJ8;ANGQ@�<HR�MDI�YZ>4a=ADGJAD<�bB:�GN@�a`<HI�_�@�a=:`K4@1GJA�<�L;<HADCHU
<H>BADM�:�dfA
K
M�I�FfK;:�GJ:=I�F�b\:�Ov@�F ] bEOzI�C�GJ84AÝI�L;GJ>4L�G�K;@�GQ@¤¢0� � @�FfK
X A�F4AoCQ@�GJA�<�@�MDI�CHCJA�<H>BI�FfK;:=F X � _�@�a=:`K�à�I�CS� F;I�GHU�_�@�a=:ªK�à�I�L;GJ>4L�Ge<iGQ@�GJA �
�;I�CZAD�;@�YZ>4a=A�b~:`FÏ�P: X L�CJA���gcM
job~GJ8;A�L4<HAoCZ<H>BA�M�:�dfA�K�M�I�FfK�:=GJ:=I�F
:=<��1$'&2(3*�gK¢0�4�Bj5, h
��í�à � ´ MDM�I�CQK�:`F X a ] bEGJ84AÝa`@�<iGWG«T9I¶CJI
TE<W:`F
GJ8;AvGQ@ [ a=A�<H84I
TE<�GJ8f@1G�:=G X A�F4AoCQ@�GJA�<�@�� _�@�a=:`K�à^<iGQ@�GJA"Á ö � TE84A�F
GJ8;AEM�I�F4K;:�GJ:=I�F�A�_�@�a=Lf@1GJA�<eGJI�GHCJL;A�@�FfK�:�G X A�F;ADCQ@�GJA�<�@B� F;I�GHU�_�@�a=:`K�à
<iGQ@1GJAfÁ�� � TE84A�F�GJ84A�M�I�FfK�:=GJ:=I�F�A�_�@�a=Lf@1GJA�<VGJIvOc@�a`<HA �

4. TASKFLOW SCHEMA & SCHEDULING
¬ F�MQ84I�I�<H:=F X GJ8;AÝ@�< ] F4MQ8;CJI�F4I�L;<��) ;¡ YZI�K�A�aEGJI�A�F4M
@�>4<HL;aª@1GJA
A�@�MQ8 [ a`@�MQR [ I
��@�<~T�A�a=aB@�<~A
@�MQ8ZTE84:�GJA [ I
��MDI�YZ>BI�F;A�F�G
b�T9AE84@1_�A
<H8;I
TEF�>;CJADO¨ADCJA�F;M�A�OzI�C)GJ84A~GHCQ@�K;:�GJ:=I�F4@�a�g}@�FfK�<H:=YZ>4a=ADCoj"@�>4>;CJI�@�MQ8^b
>�CJI1_�A�F�<H:=F4MDA¶h
×�Ö�³�à <�:=F�GJ8;AÝK;A�<H: X F
I�O�:=F4MoCJA
@�<H:=F X a ] M�I�YZ>;a=AD�

8f@1CQK�T9@�CJAeM�I�YZ>BI�F4A�F�GJ<^@�FfK�< ] <iGJA�YZ< �"� a=A�MoGHCJI�F4:=M~M�:�CJM�L4:�G�K�A�<H: X F
:=F�>f@1CHGJ:=M�L4a`@�C�8f@�<\@�a=I�F X GHCQ@�K�:�GJ:`I�F�I�Oe@�K4K�CJAD<H<H:`F X >;CJI [ a=A�YZ<EI�O
M�I�F4M�L�CHCJA�F4M ] @�F4K�< ] F;Mo8�CJI�F;: ² @�GJ:=I�F � 798;A+K;A�<H: X F0I�O�< ] <iGJA�YZ<
[ @�<HA
K�I�FÝxzy4{#monit�|D{cxzy�sB�*Ê{ËÝlJb�< ] F4MQ8;CJI�F4I�L;<V@�F4K�@�< ] F4MQ8;CJI�F4I�L;<�b
:=<EM�I�YZYZI�F � ´ a=GJAoCJFf@�GJ:=_�AN@�>4>�CJI�@�Mo8;A�<�b4<HL;Mo8�@�<9GJ8;A\OzI�CJY�@�a=:=<HYZ<
I�O"�PADGHCJ:BF;ADGJ<\­�h
í1®}b ´ MDGJI�CV��I�YZ>4L�GQ@�GJ:=I�F;<\­�h
×1®}b ´ MDGJ:=I�FW  ] <iGJA�YZ<
­ ��³1®�b^7"ADYZ>BI�CQ@�a Û I X :=MvI�O ´ MoGJ:`I�F4<�­ ��hD®}b^@�>;>BA
@�C\a`AD<H<N<HL4:�GQ@ [ a=A�î
@�G?>�CJA�<HA�F�G �
7984A�:=F4<iGQ@�F�GJ:ª@1GJ:=I�F�I�O?A
@�MQ8¤A�F4M�@�>4<HL;a`@�GJA
K¦GQ@�<HR¦TE:�GJ8�>�CJ:=YZ:=U

GJ:=_�A�<e<HL4MQ8�@�<9��I�F�GHCJI�a`£�I�:`F�b�¢�@�GQ@�¡�L;��b�@�F4K���I�F�GHCJI�a`�4I�CJR [ A
@1CJ<
<H:=YZ:=aª@1CJ:�GJ:`AD<�bB:=F�>;CJ:=F4MD:`>;a=A�@�GEa=A
@�<iG
b4GJI Ú I�@�CJA Û I X :=M�@�F4KW:�GJ<EAD��U
GJA�F;<H:`I�F�TE:=GJ8ß@�L���:`a=:`@�C ] _�@1CJ:ª@ [ a=A�<�­ ���1® � Ú I
T�A�_�ADC
bBGJ8;A�YZI�GJ:`_�@�U
GJ:=I�F+OzI�C�GJ8;:=<N>f@�>BADC
bP@�<�M�a=A
@�CJa ] <iGQ@�GJA�Kß:=F¶ �A�MDGJ:=I�F¶��b^:=<Zgih1j?GJI
OzI�CJY�@�a=: ² A�@ [ @�<H:`<�O¨I�CZ:=YZ>;a`ADYZA�F�GQ@�GJ:=I�F�I�O�@ÝL4F4:=_�AoCJ<J@�aVM�a=:=A�F�G
b
@�F4K�g���j�GJI�>�CJI1_�:`K�AEGJ8;A�L;<HADCeTE:=GJ8�@NGJI�I�afGJI�:=F�GJADCQ@�MoGJ:`_�A�a ] M�I�Y�U
>BI�<HAÝ@�FfK�AD��A�M�L;GJAWF4ADT >�CJI X CQ@�YZ<�O¨CJI�Y AD��:`<iGJ:=F X M�I�YZ>BI�F4A�F�G
>;CJI X CQ@�YZ< � 7984A�ADYZ>48f@�<H:=<?8;ADCJA�:=<�I�F¯�z|�ã=t�nox¨{I��t ¥ r�k�{�{¨±4m�xzy;{#monDp
µ�t�|Qm�|Jr�yfw�xz{cx}r�y;l ¥ mo{cö�mJmoy¶{¨±4m ¥ k�xcã=w�xzy�s ¥ ã=r
|Qô�l�r�k�{?rUµ�öP±�x}|Q±Ý{¨±;m
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k�lDmonE|Jr�u�q�r�lDmol~±�xzl�qfnHrJs�nit�uvà�­�h1Ö
®}b�F;I�G�I�F�>�CJI X CQ@�Yì_�ADCJ:�dfM
@1GJ:`I�F �
798;A�Y�@�:=F X I�@�a=<\I�O�GJ84:=<?<HA�MDGJ:=I�FÝ@1CJA��Ngih
j9GJIZ>�CJA�<HA�F�G�@vGQ@�<HR�U

S4I
T <HMQ84ADY�@ [ @�<HA
K�I�F�GJ8;A�>;CJI�>BI�<HA
K�GQ@�<HR�SfI
T @�CJMQ84:�GJA�MoGJL;CJA�b
@�FfK�g���jPGJI�:=F�GHCJI�K�L4M�A�@�<H:=YZ>4a=A [ L;G~ADð�A�MoGJ:`_�AEGQ@�<HR�SfI
T�<HMQ84A
K�L4a�U
:=F X @�a X I�CJ:�GJ84Y �

4.1 Taskflow Schema798;Av<HMQ84A�Y�@ZGJI�M�I�F;<iGHCJL4MDG�@ZGQ@�<HR�S4I1T M�I�F;<H:`<iGJ<�I�O�Y�@�:`F;a ] G«T�I
a`@ ] ADCJ<��N@�F+A�F4M�@�>4<HL;a`@�GJA
K [ a`@�MQR [ I
�¤gc<H:`F X a=ADU}GQ@�<HR;j�I�C�TE84:�GJA [ I
�
gcY�L4a�GJ:�U}GQ@�<HR;j�a`@ ] ADC
b�@�F4K�@EGQ@�<HR�:=F4<iGQ@�F4M�A9a`@ ] ADC � 7984A�<HMQ84ADY�@EO¨I�C
GQ@�<HR�:=F4<iGQ@�F4M�A�aª@ ] AoC9:=<�:`K;ADF�GJ:=M
@�afGJI�GJ84A?M�I�F;M�A�>;GJL4@�aBK�A�<HMDCJ:=>;GJ:=I�F
:=FÏ �ADMDGJ:=I�F¤� � � � Ú I1T�A�_�ADC
b�GJ8;A�<HMo8;A�Y�@�OzI�CvGJ84A�A�F;M
@�>;<HL4a`@�GJA�K
GQ@�<HR�aª@ ] AoCEM�I�F�GQ@�:=F;<9G«T9IvK;:=<iGJ:=F4MDGE<HL [ a`@ ] ADCJ<��e@�lQx¨y�s�ã`mDp}{�t�liô�w�m$µDp
x¨y4xz{cx}r�y¤giuvk�ã {cxcp}{�t�liô¦w�m$¿ey;xz{cx}r�y�j�a`@ ] ADC
be@�F4K�@¶lQx¨y�s�ã`mDp}{�t�liô ¥ r
w&�
giu�k�ã {cxcp�{�t�lHô ¥ r
w��
jVa`@ ] ADC �  �L4MQ8�@ZK�:`<iGJ:=F;MDGJ:=I�F�8;A�a=>4<E:=F�<HA�>f@1CQ@�GHU
:=F X GJ8;A�GQ@�<HR ´ � ¬ O¨CJI�Yó:�GJ< [ I�K ] K�A�M�a`@�CQ@1GJ:=I�F^b)TE8;:`MQ8�M
@�F [ A
_�ADC ] K;ADGQ@�:`a=A
K � 798;A�K;ADd4F4:�GJ:=I�F¶a`@ ] ADC�M
@�F¦GJ8�L4< [ AZM�I�F4<H:`K;ADCJA�K
@�<9@�F ´ � ¬ O¨I�C~GJ84AVGQ@�<HR^��:�G9:=<~GJ8;:=<�a`@ ] ADCeGJ8f@�G�<H84I�L4a`K [ AVCJA
@�K�:`a ]
@�M�M�A�<H<H: [ a`A �
�P: X L;CJA\Ù�<H84I
TE<�GJ8;A�<iGHCJL;MDGJL;CJA?I�O�GJ84A?GQ@�<HR�SfI
T�<HMo8;A�Y�@ � 798;A

<H:=F X a=ADU}GQ@�<HR¦@�FfK+YvL;a=GJ:�U}GQ@�<HRÝK�ADdfF;:�GJ:`I�F¦a`@ ] ADCJ<�@�CJAZ:`K�A�F�GJ:`M�@�a~GJI
GJ8;AEAD��GJA�F�G~GJ84@�G [ I�GJ8ZM�I�F�GQ@�:=FW@�a=:=<iG9I�Oex¨y�qfk�{cbBxzyfr�k�{cb�r�k�{cxzy�@�FfK
r�k�{�q4k�{?>BI�CHGJ<�bV:=F�GHCJI�K�L4M�A�K�:=F� �A�MDGJ:=I�F
� �Ï¬ FÏ@�K;K;:�GJ:=I�F¤GJIßGJ8;A
MDI�YZYZI�F�>BI�CHGEa=:=<iGEG ] >BA�<�b�GJ84A\YvL4a�GJ:�U}GQ@�<HR�K�ADdfF;:=GJ:=I�F�a`@ ] ADCEM�I�F;U
GQ@�:=F4<�G«T�I\YZI�CJA~A�a=A�YZA�F�GJ<��~gih1jP@Æ¦ft�liô'�)xzlJ{�GJ8f@1G�A�F�L4YZADCQ@1GJA�<"GJ8;A
F�L;Y [ ADC~I�O"A�F4M
@�>4<HL;aª@1GJA
KZGQ@�<HR�<9I�M�M�L�CHCJ:=F X :`F�GJ84AESfI
T�b;@�F4K+g���j
@�¦Bt�lHô���nHtoq;±�GJ8f@�G~<H>BA�M�:�d4A�<~GJ8;A�K�:�CJA�MDGJA
KvGQ@�<HR�U}GJI�U�GQ@�<HRvM�I�F4F;A�MDU
GJ:=_�:�G ] TE:=GJ8¤M�I�F�GHCJI�a�U�A
K X A�< � 7984A�<HAWK;ADd4F4:�GJ:=I�F;<�GJ8;A�F¶OzI�CJYâGJ8;A
´ � ¬ OzI�C�GJ8;A\GQ@�<HR�a`@ ] ADC �
798;A?GQ@�<HR [ I�K ] a`@ ] ADC
b�@�<eGJ84A?Ff@�YZAV<HL X�X A�<iGJ<�b�M�I�F�GQ@�:`F;<�YZI�CJA

K�ADGQ@�:=a=A
K¤:=F;OzI�CJY�@�GJ:=I�FÏ@ [ I�L;G�GJ84A�GQ@�<HR � 7984AjÊ4x¨y�s�ã`m,¦Bt�liô���r
w��
MDI�F�GQ@�:=F4<?AD�;@�MoGJa ] GJ8;CJA�A�ADa`ADYZA�F�GJ<��2��m�s�x¨y@�"r�nHô�bY�?ã=t�|Qô��?r�¼9Éer�u�p
q�r�y�moy4{\@�F4Kë§9yBw,Ç�r�xzy � ´ K4K;:�GJ:=I�F4@�a=a ] b�GJ8;A¯�\m}s�xzy@�^r�nJô�GQ@�<HR¤:=<
MDI�F;d X L�CJA
K [�] GJ84A�L4<HADCNGJI�K�ADGJADCJYZ:=F4A�@�<\GJI�L4F4K;ADC?TE8f@1G�M�I�F;U
K�:�GJ:`I�F4<Z<H8;I�L4a`K�GJ84A [ a`@�MQR [ I1�¤MDI�YZ>BI�F;A�F�GvGQ@�<HR [ A [�] >f@�<H<HA�K �
7 ] >4:=M
@�a�M�I�FfK;:�GJ:=I�F;<V:=F4M�a=LfK�ANI�>�GJ:=I�F4<VGJI�:`F�_�I�R�A�GQ@�<HR�< [ @�<HA�KWI�F

GJ:=YZADU�<iGQ@�YZ>;<�I�ON:=F4>;L;G Õ I�L;GJ>;L;GvK4@�GQ@�b�>�CJA�<HA�F;M�A�I�C�@ [ <HA�F4M�AWI�O
M�ADCHGQ@�:=F�K4@1GQ@�dfa=A�<�b;ADGJM � ´ <9OzI�CEGJ8;A [ a`@�MoR [ I
��M�I�YZ>BI�F4A�F�G
b�L4<HAoC
F4ADA
K;<�GJIN<H>BA�MD:=O ] GJ8;AEK;ADGQ@�:`a=<eF4A�MDA�<H<J@�C ] GJIN:=F�_�I�R�A�GJ8;A [ a`@�MQR [ I
�
>;CJI X CQ@�Y�b�Ff@�YZA�a ] �~gih1jPGJ84AV>�CJI X CQ@�Y°Ff@�YZA�bfg���j"GJ8;A?MDI�YZY�@�F4K�U
a=:=F4AN@1C X L;YZA�F�GJ<�bBg}��j�GJ84A?84I�<iG9@�F4KZK;:�CJA�MDGJI�C ] a`I�M�@�GJ:=I�F�I�O�TE84ADCJA
GJI�:=F�_�I�R�A\GJ84AN>�CJI X CQ@�Y�b4@�FfKßgcÙ�j~GJ84A�>�CJI�GJI�M�I�a"<HADCJ_�:=M�A�L;<HA
K�GJI
@�MDM�A�<H<EGJ84AN>�CJI X CQ@�Y�b4<HL;Mo8�GJA�a=F4ADG
b�O¨GJ>�b4<H<H8�bf8�GHGJ>^b�AoGJM �
7984A�K;A�<HMoCJ:`>�GJ:=I�FvI�O~Ë�k;ã {cxU¦Bt�liô���r
w&�~8f@�<PGJ8;CJA�Ae>;CJ:=YZ:�GJ:=_�A~GQ@�<HR

A�a=A�YZA�F�GJ<��\m}s�xzy@�^r�nJô�bf©�t�{�t��9nHtoq�±Ï@�F4K�§Vyfw,Ç�r�xzyÏ@�F4K�I�F;AßI�C
YZI�CJAÎ¦Bt�liô
�Qy;lQ{�t�yB|Qm�a`@ ] ADCJ< � 798;AWO¨L4F4MoGJ:`I�FÏI�O\GJ8;A á A X :=Ff�4I�CJR
@�F4K � FfK;£�I�:=FWA�a=A�YZA�F�GJ<9:=<V<J@�YZA\@�<VOzI�CE<H:`F X a=ANGQ@�<HR [ I�K ] a`@ ] ADC
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