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PÐNg÷>[�ëG[-H W JORÑY±F�LVUeY�fKF�dsJM[-YQf\UI[�DuFIf\UINZHKY·F�Y\[ÓD�UIJMY±f\NZH\JTL�DGx�Y\ksY�fK[�w ð¬NGHp]IHK[-dsJTL�fKJORIï�f\U�[
[�ýs[-L�Fsf\JMNGR#fKJOw�[�Nuð�[nDGLVU#]�DGHKDGxOxM[�xlDu]I]IxMJTL�DgfKJONZR W ÷<U�JOxM[�÷>[Öð¬NsL�F�Y�NZR9DuR%DGR�DuxMklf\JTL¯YKLVUI[�w:D�`
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@BA�C ÊED�Ê�Ë °l|>���g~�|V³��±��~����n�:���~�°l|<�����·�l����~����n�Ó���u~��·~�°l|Ð� Ø �GÙBÚE�´�G�´~�|V���

f\UI[ ò�� ê öÐvÕY\ksY�fK[�w_` � R�f\UIJTYað¬HVDuw�[-÷�NZH\j W ÷>[QU�D�ëZ[<NGü�Y\[�HKëG[nd9fKU�Dgf¯f\UINlY±[·]�NZxOJTL�JM[-Yaf\U�Duf
dsJMY±f\HKJMüIFsf\[Óf\U�[ÎHK[-Y\NGF�HKL�[-YÐJMRÌD�w�NGHK[9ü�DGxMDGR�L�[ndÜ÷BD�k_DGH\[Ów�NGHK[9]IHK[-dsJTL�fVDuüIxM[ÎH\[nDGLVUIJMRIï
DuRDGL-L�FIHVDGL�k9NGðaí$4 = `sø·R�f\UI[·Nuf\U�[�H¯U�DuR�d W f\U�NZY\[Ð]�NZxOJTL�JM[-Yaf\U�Duf>L�NGFIxTd:DuxOf\[-Haf\U�[QNGHVds[-H
NuðAf\UI[#÷BDuJOf\JMRIï���NGü�Y W Y\F�LVU0DZYBü�DGLVjlr�xMxMJORIï W DuHK[·JMRIUI[-H\[-Rlf\xMkw�NGHK[pJMR�DZL�L�F�HKDuf\[G`
iBUI[aNGFIf\xMJORI[¯Nuðsf\U�JMYy÷�NZH\j·JMY�DGY,ð¬NZxOxMNg÷ÐY W Y±[nL�fKJONZR	4<ds[�]�JML�fKYcNZFIH�Y\JMw9FIxTDgfKJONZR#wÎ[�f\UINsd,`

ê NGw�[#]IHKNG]¡NZYKDuxTY>ð¬NGH<fKUI[#[-Y±f\JMw:DgfKJONZRÜ]IH\NsL�[-YKY<DuHK[p[�ýs]IxMDGJOR�[-d0JOREY\[-L�f\JMNGRF2I`�öÐ[�ý�f W f\U�[
[�ýs]�[-H\JMw�[�RlfKDGxIHK[-Y\FIx�fVYaDuHK[ÐDuR�DuxMklS-[-dÓJORY\[-L�f\JMNGR�6�` m JMR�DGxOxMk W Y±NZwÎ[ÐL�NGR�L�xOF�Y±JMNGR�YÖDGR�dÎf\U�[
ð¬Fsf\FIHK[#÷>NGHKjDuHK[p[�ýs]IxMDGJOR�[-d,`

G HJILKNMBéPO ç QSRAãsé±å¯âUTÌäIå<è�KWVXV å¯â*ã9ILKNYÌá9M[Z]\^M�_LVZãXK�O
` Y¯Y±fKDuf\[nd:Duü¡NgëG[ W f\UI[QY\JMw9FIxTDgfKJONZR:]IH\NsL�[-YKY3JMY¯JORlf\[-ïGHVDgfK[-dÎJORlfKN#f\UI[ ò�� ê öÐv Y\ksY�fK[�w ì � î�`� R NGHVds[�H#fKNeds[nDuxa÷<JOf\U fKUIJTY%[-Y±f\JMw:DgfKJONZR JOR DÜR�NGR3�ds[-dIJML-Dgf\[ndÑ[�R�ë�JOHKNGRIw�[-RZf W ò�� ê öQv
RI[�[ndIYBJORIð¬NGHKw�Duf\JMNGR'ð¬H\NZw f�÷�N�dsJ�.¡[-H\[-RZf<JMRI]IFsfVY�aIf\UI[#LVU�DGHKDZL�f\[-H\JMS-Duf\JMNGR:NGðyf\U�[p]�DuHVDuxMxO[-x
Du]I]IxMJTL�DgfKJONZR�Y/DuR�dEf\UI[�w�Nsds[�xMxMJORIï0Nuð�f\UI[:L�FIH\HK[�Rlf/L�xMF�Y�fK[�H%Y±fKDuf\[ W JMR�L�xMF�dsJMRIï0f\U�[ÎxMNsL�DGx
xONlDGd'DZL�fKJOë�JOf�kG` ` YB÷>[/L�DuR_Y\[�[pJOR m JOï�`,í W f\UIJTY<JMRsð¬NGHKw:DgfKJONZR'JTYB]IH\Ngë�JTds[-dülkf\UI[#zlFI[�F�[
w�DGR�DuïZ[�HÐDGR�d_Du]I]IxMJTL�DgfKJONZR0LVU�DuHVDGL�fK[�HKJOSnDgfKJONZR'üIxMNsLVj W H\[nY±]¡[-L�f\JMëG[�xMkG` ` fQf\UI[%[-R�d0Nuð3f\U�[
Y±JMw9FIxTDgfKJONZR W f\UI[>[-Y±f\JMw:DgfK[-d ��NGü%fKFIHKR�DuHKNGFIR�d/f\JMw�[>JTYAH\[�f\FIHKRI[nd#f\N·f\U�[BzlFI[-FI[>w�DGR�DuïZ[�Hn`
iBUI['ü¡[�U�D�ë�JMNGH%NGðÐf\U�[']�DGHKDGxOxM[�x>Du]I]IxMJTL�DgfKJONZR�Y%JTYÓNGüsfVDuJMRI[-d ü�k2w�[-DGR�Y%NGðÐH\FIR�RIJOR�ï

f\UI[p]�DuHVDuxMxM[�x�DG]I]IxMJML-DgfKJONZRJOR'JMY\NGxTDgfKJONZRc`liBU�JMY�JMY�]IHK[�ð¬[-H\HK[-d:NgëZ[�HÖfKUI[pJORsð¬NZH\w:Duf\JMNGRïZJOëZ[�R
ülk�f\U�[9F�Y\[�HQDGü�NZFsfÐfKUI[9HK[-Y\NGFIHVL�[nYBF�Y\[-d_ü�k'fKUI[ÓDG]I]IxMJML-DgfKJONZR�Y W ÷<UIJMLVUÜJTYÐR�NGHKw�DGxOxMk�DGR
JOR�DZL�L�FIHKDuf\[_w�[�fKUINsd ì b�î´` m NGHDÑrIýs[nd R�FIwÓü�[-HNuð/]IHKNsL�[-YKY\NGHVYÓ]¡[�H�Du]I]IxMJTL�DgfKJONZR ñ n õ Wò�� ê öÐvôL�NZxOxM[-L�fKY&a
c ExeT imetot(J)

a�[�ýs[-L�Fsf\JMNGR�f\JMw�[#NuðAf\UI[[��NZü
J
`

c CPUtimetot(J)
a�DGw�NGFIRlf<Nuð ò q¯óþf\JMw�[%F�Y\[-d�ülkf\UI[[��NZü

J
`

c CPU(J)
a ò q¯ó ]�[-HKL�[�RlfKDGïG[

(CPUtimetot(J)/ExeT imetot(J))
F�Y\[-dôü�k f\UI[

��NGü
J
`



iBUI[0zlFI[-FI[0w�DGR�DuïZ[�HÎL�NGxMxM[-L�fVY%fKUI[0F�Y\DGïG[�Nuð<f\U�[�HK[-Y\NGFIHVL�[nY%JMRÕ[nDGLVU RINsds[�f\NZïG[�f\UI[-H
÷<J�fKU_f\UI[ÎY�fVDgf\[#NGðÖ[-DGLVUÜDG]I]IxMJML-Dgf\JMNGRy`�iBUI[#ð¬NZxOxMNg÷<JOR�ïY±[�fÐNuðadIDgfVD:w�Nsds[�xTYBf\U�[9L�xMF�Y±f\[�H
Y�fVDgf\[�a
c 
��dfeg��* ) �d ]�NZxOJTL�JM[-Y&a X NGü DuR�dôöQNsds[ ê [�xM[-L�f\JMNGRôq3NGxMJTL�JM[-Y:F�Y\[-d�ü�k ò�� ê öÐv W
H\[nY±]¡[-L�f\JMëG[-xOkZ`

c ExeT imecur(J)
a�L�FIHKH\[-RZfBHKFIRIRIJMRIïÎf\JMw�[/ð¬NGH<fKUI[h��NGü

J
`

c CPUtimecur(J)
aZDGwÎNZFIRlfaNuð ò q¯ó fKJOw�[ÐF�Y\[-d�ü�k9f\UI[i��NZü

J
ð¬HKNGw@JOfKYaü�[-ïGJMRIRIJMRIï�`

c nodes(J)
a�Y\[�fÐNGð�RINsds[nY<÷<UI[-H\[pf\U�[[��NGü

J
JTY<H\F�RIRIJMRIï�`

c CPUlocal/paral(n)
aZY\FIw NGð�fKUI[ ò q¯ó+F�Y\DGïG[BNuð[-DZLVU�xONsL�DGx¼úg]�DuHVDuxMxM[�xlfKDZY±j%HKFIRIR�JORIï

JOR0fKUI[#RINsds[
n
`

c MPLparal/local(n)
a�R�FIw9ü¡[�HQNuð3]�DuHVDuxMxO[-x¼úgxONsL-Dux¡fKDZY±jsY<[�ý�[nL�FsfKJOR�ïY±JMw9FIxOfKDGRI[�NZF�Y\xOk

JOR�fKUI[ÐRINsds[
n
` ` Y¯÷�[Ðds[-w�NGR�Y±f\HVDgfK[-dÎJORY\[�ëZ[�HVDuxs]IHK[�ë�JMNGF�YÖY±f\F�dsJO[nYÐì ��W 6uî W f\U�[<f\JMw�[

Y±U�DuHKJORIïÓL�NGw�]¡NGRI[-Rlf¯Nuð ò�� ê öQv DGxOxMNg÷ÐYÖfKUI[Q[�ý�[nL�FsfKJONZRNuðcw�NZH\[<fKU�DuR'NGRI[Ð]�DuHVDuxMxO[-x
Du]I]�xOJTL�Duf\JMNGR0JOR0f\U�[9Y\DGw�[/Y\[�fÐNGðAR�N�dI[-Y W ÷<UI[�RI[-ëG[-H<J�fQdsN�[nY<RINufQdIJMY±f\FIHKü�f\UI[%xMNsL�DGx
F�Y\[�Hn`

c tasks(n)
a�Y\[�f<Nuð3]�DuHVDuxMxM[�x¡fKDZY±jsYBHKFIRIRIJMRIï�JOR0fKUI[#RINsds[

n
`

ø·R�L�[#DuxMx¡f\UI[#R�[�[-dI[-d�[�xM[�w�[�RlfKY<DGH\[/L�NZxOxM[-L�f\[nd W ò�� ê öÐv JTYBH\[nDGdsk�fKN:Y�fVDuH\f�fKUI[%Y±JMw9F�xMD�3
f\JMNGR_]IHKN�L�[-YKYBds[-YKL�HKJOü¡[-d�JMR�fKUI[#RI[�ýlfQY\[-L�f\JMNGRc`

j H�çÐä�âLR3äIå¯ç·âQækHÑéSOlKmTÌä9KyæQé\è¡ãIé�å¯âon�_pMBéPO ç QSR�ãIé±å¯â
iBUI['Y\JOwÓFIxMDuf\JMNGRÑ]IHKN�L�[-YKY#JTY/f\HKJOïZïG[-H\[nde÷<UI[-RI[�ëZ[�H%DÜR�[�÷ Du]I]IxMJTL�DgfKJONZR DuHKH\JMëG[nYQfKNÜf\U�[
ò�� ê öÐv Y\ksY�fK[�w_`�v¯ëG[�HKkfKJOw�[#fKU�DgfQf\UI[ÎY±JMw9FIxTDgfKJONZR_JMY·Y�fVDuH\f\[-d W f\UI[9f\FIHKR�DGH\NZFIR�d�f\JMw�[
ð¬NGHa[nDGLVU�Du]I]IxMJTL�DgfKJONZR W [-J�fKUI[�HaHKFIRIR�JORIï#NZHa÷BDuJOf\JMRIï W JTYa[nY�fKJOw:DgfK[-d�DuR�dÎDZdE��F�Y±f\[nd W ïZJOë�JMRIï
Y±NZwÎ[<[�ý�f\HVD·JMRsð¬NZH\w:DgfKJONZR9fKN/f\UI[q��NZüY\LVU�[-dsFIxM[�HaDGü�NZFsfÖf\U�[Bð¬Fsf\FIHK[QL�xOF�Y±f\[-HaY�fVDgfK[G` � ðf\U�[
Y±JMw9FIxTDgfKNGHÖJTY3÷�NZH\j�JMRIïp÷<UI[�R:D/RI[-÷�DG]I]IxMJML-Dgf\JMNGR�DuHKHKJOëZ[-Y W fKUI[Ð÷<UINZxO[B]IHKNsL�[-YKY3U�DZYAf\N#ü¡[
H\[nY�fVDuH\f\[-d0L�NZR�Y\JMds[-H\JMRIïÎf\U�[%RI[�÷r��NGü0fKNü�[#[�ýs[-L�FIf\[-dc` ` xMï�`yí%ds[�]IJTL�fVY<NGF�HQY±JMw9F�xMDuf\JMNGR
wÎ[�f\UINsd,`
iBUI[¯L�NZH\[3NGðlfKUI[�Y\JMw9FIxTDgfKJONZR/DGxOïZNGHKJ�fKUIw HK[�xMJM[-Y,NZR/Dts�uX�v����fKU�DgfyxMN�NG]�YyDGY,xMNGRIï·DGYcDGRlk

]�DuHVDuxMxO[-x¯Du]�]IxOJTL�Duf\JMNGR2JTY9HKFIRIRIJMRIï ñ ` xMï�`>í�a 2g3Ví&8Zõ�` m NZH9[-DZLVU2J�fK[�HVDgf\JMNGR W f\U�['DuxMïGNZH\JOf\UIw
[-Y±f\JMw�Duf\[nYfKUI[Jw��?xyeg�v�z�v�0{�|i}X���?~�����g�U�W�vx��r��w ��x�e��v�q�W�vxy���2Nuð%[-ëG[�HKk���NGü+JMRôf\U�[
H\FIR�RIJOR�ï2zlFI[-FI[ ñ�� w<�põ W Y±[-xO[nL�fKY:f\UI[ÜRI[�ý�f���NGü�f\U�Duf÷<JOxMx<r�R�JMY\U ñ Ji

õ�DuR�d�HK[�w�NgëG[nY
J�f�ð¬H\NZw � w	� ñ ` xMï�`pí�a 6�3�8Zõ�` ` ð¼fK[�HfKU�Dgf W fKUI[ CPUtimecur

F�Y±[nd ülk�[-DZLVUôNuð/f\U�[
H\[-w�DGJOR�JORIï[��NZü�YÖJMR � w<�ôJTYaL�DGxML�FIxTDgf\[nd ñ ` xMï�`�í�a : õ�fKN%ü�[QF�Y±[nd�JOR�fKUI[ÐRI[�ý�f�Y±JMw9F�xMDuf\JMNGR
Y�fK[�] ñ ` xMï�`¡í�a 2#xON�NZ]�õ�`�öÐ[�ýlf W DGRINufKUI[�H�xON�NZ]�f\HKJO[nYafKN9[�ýs[nL�FsfK[QY±NZw�[Q÷BDuJOf\JMRIï���NGü�YaF�Y\JOR�ï
f\UI[<Y\k�Y±f\[-w Y\LVU�[-dsFIxMJMRIïQ]¡NGxMJML�k W fKUI[>D�ëgDGJOxTDuüIxM[¯HK[-Y\NGF�HKL�[-YyDGR�d#fKUINZY\[>H\[nY±NZFIHKL�[-YyH\[-xO[nDGY\[-d
ülk

Ji

ñ ` xMï�`cí�a ÿlõ�` m JOR�DuxMxOk W f\UI[9÷>DGJ�fKJORIïÎfKJOw�[#ð¬NZH<[�ëG[-H\kt��NGü_JOR � � JMY<F�]¡dIDuf\[nd ñ ` xMï�`
í�aMí�6lõ>DGR�dfKUI[%Y\JOwÓFIxMDuf\JMNGR_Y�fK[�]ÜDGdIë�DGR�L�[nY�f\N

ti
ñ ` xMï�`cí�aOí � õ�`� R:NGHVds[�HÖfKN%L�DGH\HKk9NZFsfaf\U�JMY�Y±JMw9FIxTDgfKJONZR W ÷>[<RI[-[-dD/]�DGJOH�Nuð,[�ý�fKHKDpð¬FIR�L�f\JMNGR�Ya÷<UIJTLVU

ds[�r�R�[�fKUI[_[-Y±f\JMw:Dgf\JMNGR�]IHKNsL�[-YKY-`AiBUI[0r�HVY±f�JTYÎf\U�[Fw��?xyeg�v�i�W�vx�� ñ ` xMï�`<í�a 6�õ W ÷<UIJTLVU
[-Y±f\JMw�Duf\[nYQfKUI[��P�?xyeg�v�z�v�0{���}X���?~�����g�����vx��Óð¬NZHpD�ïGJMëG[-ReDu]�]IxOJTL�Duf\JMNGReL�NGR�Y\JTds[�HKJOR�ïf\U�[
L�FIHKH\[-RlfBL�xOF�Y±f\[-HÐDuR�d�Du]I]�xOJTL�Duf\JMNGR_Y�fVDgf\[Z`siBUI[#Y±[nL�NGR�dfKH\JM[-Y�f\N�]IHK[-dIJML�f>fKUI[5�Wd<�r���vx��
�
CPUtimecur

�_f\U�Duf:f\UI[ÜDu]�]IxOJTL�Duf\JMNGR�U�DGY�F�Y±[ndÕJMR�f\UI[Ü]�DZY�f ñ ` xMï�`<í�a : õ�`�ø·FIHDu]93
]IH\NlDGLVUI[nY�f\N:Y±NZxOë�JMRIï�ü�NGf\U0ð¬FIR�L�f\JMNGR�Y<DGH\[#ds[-]IJTL�f\[nd0JOR0f\U�[/ð¬NGxMxONg÷<JMRIï�Y±FIü�Y±[nL�f\JMNGR�Y�`



�����-�z�E���&����� ê JMw9FIxTDgfKJONZR�]�H\NsL�[nY\Y
�$� {B�Z}l��������~�|/~�°Z|/�´�G�´~�|V� �´~±��~�|%���Ü� dummy �´�G�´~�|V� �´~±��~�| � DQ �-�·�Î�V�-}g�0���3~�°l|B×��nÒl�Í3�-��~����l³t�g�l|V�Z|n� DRQ ���¯�/�V�n}g�Ó�-�,~�°l|B���Z�l�Z���Z³�×��nÒl���g�l|V�Z|<�-�l� CLsim

���>�p�K�n}g�Î���
~�°Z|B�V���l�´~�|K�¯�Z�u�Z|V�ÖÍa��~�°Î~�°l|K���a�´~±��~�|! � �g~��-��|>~�°Z|B�V�Z����|K�u~Ö~����#| � t0 ¡ �Z�-�a~�°l|B�#�-�#|V�g~AÍa°l|K�Î~�°l|B�����·�l����~����n�Î°��-�aÒs|V³-�l���' �B¢t£ A¥¤§¦ �

∃ J ��� DRQ ¡i¨-©% � ª © Ç�È ¤¥¤ � J ��� DRQ ¡ �3�-���V�Z����~�|<~�°l| RemainT ime(J) �«�� ®������Z�#|>~�°���~Ö~�°l|<��}l}Z��������~����n� Ji
���a~�°l|B�Z|KÔu~a�n�l|�~��pß��Z����°Ó���Î~����#| ti

�¬�� �>}I�Z��~�|>~�°Z|<|V�´~����%��~�|�� ExeT imetot(Ji)
~�� ti
�-�l�9��|V�#����| Ji

�M���n� DRQ ��� ª © Ç�È ¤¥¤ � J ��� DRQ ¡ �3�-���V�Z����~�|<~�°l| CPUtimecur(J) ��� [t0, ti]
�( � ¢t£ A§¤§¦ �

∃
�l���-ÒZ��|B��|V���n�G���V|V�a��� Clsim

�-�l�Î���u�Ð×��nÒÎÍ3�-��~����l³#��� DQ ¡i¨-©®�� ���g�nÏ%�T���B������}l}l��������~����-� Jx
��� DQ ~�°l��~a�V�-�l���ÎÒs|<|KÔG|V�V�G~�|��%���Ó~�°l| Clsim

�´~±��~�|n�� # � �u|V��|V�K~a~�°l|>Òs|V�´~¯���lÒl��|\~a�-� Clsim
�M�-��|KÔG|V�V�G~����Z³ Jx

�Z�l�����l³p~�°Z|<�´�G�´~�|V� }s�n�����K�g��&�$� Ú,ÔG|V�V�G~�|3~�°l|a�-}Z}l��������~����-� Jx
���/~�°l|A��|V��|V�K~�|��/���ZÒl��|K~y�-� Clsim

�-���p�n�l�·��~y~�� DRQ �� ! � Ø �l�K��|K�#|V�g~3~�°l|B|K�´~����%��~�|�� WaitingT ime(Jx) ��� [t0, ti]
�� ' � ¦�¯ ¨ ¢t£ A¥¤�¦� % � ª © Ç�È ¤¥¤ � J ��� DQ ¡ Ø �l�K��|K�#|V�g~A~�°l|<|K�´~����%��~�|�� WaitingT ime(J) ��� [t0, ti]

��1«�� �G|K~ t0 ~�� ti
���¬�� ¦�¯ ¨ ¢t£ A¥¤§¦

°²± � ³<´�µ�¶¸·�¹q·�¹Wº¼» ½¾´E¿�À�ÁÂ·SÃz¹ÅÄ[·�µÆ´�ÇÈ�È��g�-Ç9ÉE��ÊXË
iBUI[¯[nDGY\JO[nY�fA[-Y±f\JMw�Duf\JMNGR%JTYyf\NÐfKUIJMRIj/f\U�DufyfKUI[¯ð¬FIf\FIHK[�÷<JMxMxZü¡[>Y\JMwÎJMxTDuHcfKNÐfKUI[�]�DGY±f-`nùôJ�fKU
f\UIJTYcJMR/wÎJMR�d W f\UI[¯H\[-w�DGJOR�JORIïB[�ý�[nL�FsfKJONZRpf\JMwÎ[¯NuðsD���NGü J W ds[-RINufK[-d#DGY RemainT ime(J) WJMYÐL-DuxTL�FIxTDgfK[-d�DGL�L�NGHVdsJMRIï9fKN�f\UI[/ð¬NZxOxMNg÷<JMRIïÓ[nzlF�DgfKJONZR²a

RemainT ime(J) =
ExeT imecur(J) × (CPUtimetot(J) − CPUtimecur(J))

CPUtimecur(J) ñ í�õ
öÐNufK[Îf\U�Dufpv¯z¡`Mí:DGYKY±FIw�[nYÐfKU�Dgf/f\U�[ ò q�ó@fKJOw�[ ñ

CPUtimetot(J)
õpF�Y±[ndEü�k_f\U�[���NZü

J
dsFIHKJMRIïÌJOfKY'L�NGw�]IxM[�fK[_[�ýs[-L�Fsf\JMNGR

(RemainT ime(J) + ExeT imecur(J)
õÎJMY�]�H\N�3

]�NZH±fKJONZR�Dux�f\N%fKUI[ ò q�ó+fKJOw�[ ñ
CPUtimecur(J)

õÖF�Y±[nddsFIHKJOR�ï%f\U�[·L�F�H\HK[�Rlf¯[�ý�[nL�FsfKJONZR
f\JMwÎ[ ñ

ExeT imecur(J))
`

iBUI[ÜY±[nL�NGR�d ]IHKNG]¡NZYKDux<L�NZR�Y\JMds[-HKYÎü¡NufKUÕfKUI[Ü]�DGY±f:DuR�d�L�FIHKHK[�RlfY�fVDgf\[nY�` � f'Y±fKDGH±fVY
ülk�L�DGxML�FIxMDuf\JMRIï2f\U�[EH\[-w:DuJMRIJOR�ï [�ýs[-L�Fsf\JMNGR�f\JMw�[Üf\U�DgffKUI[y��NGü

J
÷>NGFIxTd�RI[�[nd JOð%JOf

÷�[-H\[Ð[�ýs[-L�FIf\[-d�JMRJTY±NZxMDuf\JMNGR ñ
RemainT imeisol(J)

õ�`�iBU�JMY¯ë�DGxOF�[ W ð¬NZxOxMNg÷<JMRIï#f\U�[·YKDuw�[
H\[nDGY\NGRIJMRIï�DGYBv¯z¡`cí W JMY<L-DuxTL�FIxTDgfK[-d0DGY>ð¬NGxMxMNg÷ÐY�a

RemainT imeisol(J) =
ExeT imetot(J) × (CPUtimetot(J) − CPUtimecur(J))

CPUtimetot(J) ñ 4Zõ
öÐ[�ý�f W f\UI[#w:Duý�JMw9F�w CÜq¯^ ñ MPLmax(J)

õBJTY<ds[�r�R�[-d_DGY&a

MPLmax(J) = max(MPLparal(n) + MPLlocal(n) | n ∈ nodes(J)).
ñ 2Zõ



� fBJTY>÷�NZH±fKU]¡NGJMRZfKJOR�ïÓNZFsf�fKU�DgfBv¯z¡`92ÓH\[�f\FIHKR�Y¯f\UI[pw:DgýsJOwÓFIw R�FIw9ü¡[�HBNGðcfKDZY±jsY W ü¡NufKU
xONsL�DGx ñ

MPLlocal(n)
õÓDuR�d2]�DuHVDuxMxO[-x ñ

MPLparal(n)
õ W [�ýs[-L�FIf\JMRIïÌL�NGR�L�FIH\HK[�RlfKxOkÌ÷<J�fKU

f\UI[B��NGü
J
DGwÎNZRIï#fKUI[QRINsds[nY¯÷<U�[�HK[ÐJ�fBJTY¯HKFIRIRIJMRIï ñ

nodes(J)
õ�`Ii�DGjlJMRIï

MPLmax(J)DuR�d
RemainT imeisol(J)

JMRlf\N:DGL-L�NZFIRlf W f\U�[#H\[-w�DGJOR�JORIï�[�ý�[nL�FsfKJONZR0f\JMwÎ[#NGð¸��NGü J
JMY

L�DuxTL�F�xMDuf\[-d0DGL-L�NZHKdsJMRIïÓf\NÎf\U�[/ð¬NGxMxONg÷<JMRIï�[-zlF�Duf\JMNGR²a

RemainT ime(J) = RemainT imeisol(J) × MPLmax(J)
ñ 6�õ

ø·FIH:xMDZY�fDG]I]IHKNZDGLVU�L�NZR�Y±JTds[-HKYÎRINGfNGRIxMk f\U�[ÜRlF�w9ü¡[�HNGðQfKDZY±jsY�[�ý�[nL�FsfKJOR�ï L�NGR93
L�FIHKH\[-Rlf\xMk ñ CÜq¯^AõBüIFsfÐDGxMY\N9fKUI[F�Wd<�r����Ì�~�v�P��x����¸��Í·NGðyfKUINZY\[pfKDGY\jsY ñ JMR0]¡[�HVL�[-RlfKDuïZ[nõ�`
` L�L�NZHKdIJORIïÓf\N�fKUIJTY W fKUI[ RemainT ime(J)

JTY<L�DGxML�FIxMDuf\[nd�DZY>ð¬NGxMxONg÷ÐY&a

RemainT ime(J) = RemainT imeisol(J) ×
CPU(J)

CPUfeas(J)

ñ � õ
÷<UI[�HK[�a

CPUfeas(J) = min(CPU(J),
CPU(J)

CPUmax(J)
),

ñ 8lõ
JMY¯f\UI[pw:DgýsJMw9FIw ò q¯óûF�YKDuïG[ ñ JMR']¡[�HVL�[�RlfVDuïG[�õAf\U�DgfB÷�[·[�ýs]�[nL�f>f\UI[B��NGü

J
L�NGFIxTd:F�Y\[ W

DuR�d¾a

CPUmax(J) = max(CPUparal(n) + CPUlocal(n) | n ∈ nodes(J))
ñ : õ

JMYcf\UI[�w�DuýsJOwÓFIw ò q�ó F�YKDuïZ[ÖH\[nzZF�JOHK[�w�[�RlfVY ñ JMR%]¡[�HVL�[�RlfVDuïG[�õDuw�NGR�ïBf\UI[�RINsds[-Yy÷<UI[�HK[
f\UI[[��NZü

J
JMY<HKFIRIR�JORIï ñ

nodes(J)
õ�`

� fpJTYpJOw�]¡NGH\fKDuRlfpf\N0[�w�]IU�DZY±JMS�[Óf\U�Dgf/RIN�w:Duf±f\[-H/÷<UIJMLVUef\UI[:LVUINlY±[-ReDu]�]IH\NlDGLVUÜJTY W
f\UI[:ëgDuxMFI[Îð¬NGH

CPUtimecur(J)
JTY#DGL�L�FIHVDgf\[ÎNGR�xOkeDuf#f\UI[�ü¡[�ïZJORIR�JORIïÜNGð¯fKUI[Y±JMw9FIxTDg3

f\JMNGRE]IHKNsL�[nY\Y ñ ` xOï�`�í�a 2lõ W üIFsfpð¬NGHp[-DGLVUÌY±JMw9FIxTDgfKJONZReY±f\[�]eJ�f/JMY·RI[nL�[-YKYKDuHKk'fKN'[-Y±f\JMw:DgfK[
f\UIJTYpë�DGxOF�[ÓDuïlDuJMR ñ ` xOï�`Aí�a : õ�`iBUI[�HK[�ð¬NZH\[ W JMRÜf\U�[ÓRI[�ý�f/Y\FIü�Y\[-L�f\JMNGRE÷>[Óds[nY\L�H\JMü¡[ÓY\NGw�[
]IH\NZ]�NlY\DGxMY�ð¬NZH<[-Y±f\JMw�Duf\JMRIïÎf\UIJTY<ëgDuxMFI[Z`

°²±vÎ Ï Ë&ÊXÐUÑ Ò�ÓoÁS·�µÆ´ÔÈ��E�zÈB�-Ë&Ç¸��Ë
iBUIJMYÓY±[nL�fKJONZR ds[-YKL�HKJOü¡[-Y#f�÷�NedIJ/.[�HK[�Rlf9]IHKNG]¡NZYKDuxTYpð¬NGHÓ[-Y±f\JMw:Dgf\JMRIïÜfKUI['L�FIH\HK[�Rlf ò q¯ó
f\JMwÎ[pð¬NZHÐD9ïZJOëZ[�Rt��NZü

J
DgfÐDÓY\]¡[-L�JOr�Lpw�NGw�[�Rlf ñ

ti
õ W dI[�RINGf\[-d0DGY CPUtimecur(J, ti)

W
L�NGR�Y±JTds[�HKJMRIï>f\U�Dufcf\UIJTYcëgDGxOFI[ÖU�DGY,ü¡[�[-R#wÎ[nDGY\FIHK[-dpJOR/fKUI[Ö]�DZY�f ñ

CPUtimecur(J, ti−1)
õ�`

� R�NZFIH:r�HVY±f'Du]I]IHKNZDZLVU W ÷�[EDZY\Y\FIw�[_f\U�Dgf:f\U�[eDu]I]�xOJTL�Duf\JMNGR ò q¯ó F�YKDuïZ[_JMY:]�H\N�3
]�NZH±fKJONZR�Dux3fKN�fKUI[:w:DgýsJMw9FIw CEq¯^ôL�DGxML�FIxMDuf\[ndeJMR2v¯z¡`W2I`yiBU�[Óð¬NZxOxMNg÷<JMRIï_[�ýs]IHK[-YKY±JMNGR
H\[-]IH\[nY±[-RlfKY�f\UIJTY<]IHKNG]¡NZYKDux�`

CPUtimecur(J, ti) = CPUtimecur(J, ti−1) +
(ti − ti−1) × CPUtimetot(J)

MPLmax(J) × ExeT imetot(J)ñ ÿlõ



ø·FIHQY\[-L�NZR�d0]IHKNG]¡NZYKDuxcJTYÐü�DZY±[nd0NGR_f\U�[9Y\DGw�[%JMdI[-D:F�Y\[-d0ð¬NZH<f\U�[%H\[-w:DuJMRIJOR�ï:f\JMw�[
JOR2v¯z¡` �IW üIFsfÓDG]I]IxMJO[ndÌf\N0f\UI[¼�²dÕ�����vx���`yiBUI[�ð¬NZxOxMNg÷<JOR�ï0[nzlF�DgfKJONZRÌHK[�]IHK[-Y\[�RlfVYpf\U�Duf
JMds[nDI`

CPUtimecur(J, ti) = CPUtimecur(J, ti−1) + (ti − ti−1) × CPUfeas(J)
ñ blõ

Ö \�×�Ø�Kcä�éPONK�â¯ãRAãIé�å¯â
� ReNGHVds[-HÐf\N0L�DGH\HKk�NZFsfQfKUI[Î[�ýs]�[-H\JMw�[�RlfKDuf\JMNGRÜ]IHKNsL�[nY\Y W ÷>[9R�[�[-dÜf�÷�N0dsJ/.[�HK[�RlfpjlJMR�dIY
Nuð¯÷>NGHKj�xONlDGd,`,ø·ReNGR�[ÓU�DGR�d W ÷>[ÓRI[-[-def\N_Y±JMw9F�xMDuf\[Óf\UI[ÎxONsL-Dux3F�Y\[�H/DGL�fKJOë�JOf�kEDuR�d W NZR
f\UI[/NufKUI[�HBU�DGR�d W ÷>[/RI[�[nd'Y\NGw�[/]�DuHVDuxMxO[-x¡DG]I]IxMJML-DgfKJONZR�Y�f\U�Duf<DGH\HKJMëG[·DufBY\NGw�[/JMRZfK[�HKëgDux�`
iBUI[#xONsL-Dux,F�Y\[�HÐDZL�f\JMë�J�f�k�JMYBHK[�]�H\[nY±[-RZfK[-d�ü�k�DÎü�[-R�LVUIw:DuHKj:fKU�DgfQL�NGFIxTd0ü�[#]�DGHKDGwÕ3

[�f\[-H\JMS�[nd0JOREY\F�LVU_D�÷>D�k:fKU�Dgf·J�fQF�Y±[nYÐDÎ]�[-HKL�[�RlfKDGïG[/Nuð ò q¯ó W w�[�w�NGHKk'DGR�d0RI[�f�÷>NGHKj`
iyN�]�DGHKDGwÎ[�f\[-H\JMS�[·f\UIJTYBü¡[�R�LVUIw:DGH\jHK[-DGxOJTY±f\JTL�DuxMxMk W ÷�[/w�[-DZY±F�H\[pNGFIH<NZ]�[-R�xTDuü¡NGHVDgfKNGHKJO[nY
ð¬NGH#D�L�NGFI]�xO[ÎNuð¯÷>[�[-jsYpDGR�dEF�Y±[Óf\UI[:L�NGxMxO[nL�f\[ndEëgDuxMFI[nYQfKN�HKFIRef\UI[�ü¡[�R�LVUIw:DGH\j ñ í ��=ò q¯ó W 2 ��= CE[�w_` W 7 W;��Ù ,ÐúgY\[-L·^ ` öpõ�`
iBUI[Q]�DGHKDGxOxM[�x¡÷>NGHKjlxMNZDZdÎ÷>DZY�DÓxOJTY±f>NGðW2�7%qBÚ·C ö ` ê ]�DuHVDuxMxM[�x���NGü�Y ñ�ò o W � ê W Ceo W,>iÐõ�÷<JOf\U:D/Y±JMS�[BNGð�4 W 6/NZHaÿQfVDGY\jsYyfKU�Dgfa[-Rlf\[�HK[-d%f\UI[ÐY\ksY�fK[�w�ð¬NZxOxMNg÷<JMRIïpDpq3NGJTYKY±NZRÓdsJTYÂ3

f\HKJOüIFIf\JMNGR0NuðyJMRlf\[�HP3�DuHKH\JMëgDuxIfKJOw�[nYB÷<J�fKU�w�[-DGR-Û
15s
`liBUI[-Y\[h��NGü�Y>÷>[�HK[Qw�[�HKïG[nd'Y\N9fKU�Dgf

f\UI[p[�Rlf\JMHK[·÷>NGHKj�xONlDGdÎU�DGd�D%ü�DGxMDGR�L�[nd:HK[-zlFIJMH\[-wÎ[-Rlf¯ð¬NGHBL�NZw�]IFsfKDuf\JMNGR0DuR�d�L�NGw�wÓFIRIJ�3
L�DgfKJONZRc` � f<JMYÐJOw�]¡NGH\fKDuRlfBf\N�w�[�RlfKJONZR'fKU�Dgf<fKUI[

MPLparal
HK[-DZLVUI[-dð¬NGHBf\U�[p÷>NGHKj�xONlDGd

ds[�]¡[�R�d�YÓNZR fKUI[0Y\ksY�fK[�w Y±fKDuf\[�DufÎ[nDGLVU w�NZwÎ[-Rlf W üIFsf�JOR RIN2L�DGY\['÷<JMxMxBY\FIHK]�DGYKY9DGR
MPLparal = 4

ì 6uî´`
iBUIJMYE÷�NZH\j�xMNZDGdû÷BDGY_[�ýs[nL�FsfK[-d ÷<JOf\U dsJ�.¡[-H\[-RlfÌL�NZw9üIJMR�DgfKJONZRûNGð X NZü ê [�xM[-L�fKJONZRñ X ê q�õ:DGR�d öQNsds[ ê [�xM[-L�f\JMNGR�]�NZxOJTL�JM[-Y ñ ö ê q>õ�`��Ð[�ïZDGHKdIJORIïÌf\U�[ X ê q ]¡NGxMJML�JO[nY W[Ü � Ü �ñ m JOHVY±fS3 ò NGw�[?3 m JOHVY�fP3 ê [�HKëG[-d�õ�DGR�d�,BDGLVjlr�xMxMJORIï�fK[-LVUIR�JMzlFI[nYÐ÷>[�HK[#f\[nY�fK[-d,` ` ü�DZLVjlr�xOxMJMRIï

]�NZxOJTL�k:L�NZR�Y\JMY±fKY¯Nuðc[�ýs[nL�FsfKJORIïÓD���NGü W RINGf>DufS3�f\UI[�3�UI[nDGd�NGð,f\UI[ m ò m ê zlFI[�F�[ W ÷<UI[�RI[-ëG[-H
f\UIJTY�dINl[nY¯R�Nuf>dI[�xTD�kÓfKUI[·Y±fKDGH±f>Nuð,fKUI[Ý��NZü'Dgf�f\UI[pUI[-DZd,`�iBUI[·Y\[�f>NuðcRINsds[nY¯NZRZfKN%÷<UIJTLVU
f\UI[_Y±[-xO[nL�fK[-dF��NZüÕ÷<JMxOxBü¡[�xTDuF�R�LVUI[-d W ÷BDGYÎLVUINZY\[�R DGL�L�NGHVdsJMRIïÜf\Nef�÷�NÑdsJ�.¡[-H\[-RZf ) �9d
]�NZxOJTL�JM[-Y-`liBU�[Ðr�HVY�f>NGRI[ W fK[�HKw�[-d ) �g�1xyeg�;Þ¡Y±[-xO[nL�fKY¯f\U�[·RINsds[nYað¬NZH¯[�ý�[nL�FsfKJOR�ïÓD%]�DuHVDuxMxO[-x
Du]I]IxMJTL�DgfKJONZRÜL�NGR�Y±JTds[�HKJMRIï:NGRIxMkfKUI[%HK[-Y\NGFIHVL�[/F�YKDuïZ[#xO[-ëG[-x,f\UIHKNGF�ïGUINZFsf<f\UI[ÓL�xMF�Y�fK[�H W Y\N
J�fQdsN�[nY<RINuf<NgëZ[�HKxONlDGdDGRlk'RINsds[#JORÜds[�f\HKJOw�[-RZfÐNGðyfKUI[#xONsL-DuxcF�Y\[�H<JMRlf\[-HKDZL�f\JMëG[-RI[-YKY-` ` R
[�ýIDuw�]IxM[9L�DGRÜü�[9NGü�Y\[�HKëG[nd�JMR m JOï�`-4I` ü W ÷<UI[�HK[#fKUI[ J3

Y±U�DGH\[nY<JOfKYÐR�N�dI[-YÐ÷<JOf\U
J1

DGR�d
J2

`�iBU�[%Y±[nL�NGR�d0DG]I]IHKNZDZLVU W L-DuxMxO[nd]���¸� ß?���1x	ÞcY\[�xM[-L�fKY>f\U�[%RINsds[-YBHK[-Y\]¡[-L�fKJOR�ï:RINuf<NGR�xOk
f\UI[_HK[-Y\NGFIHVL�[F�Y\DGïG['ü�FsfDuxTY±NÌf\UI[<��NGü dsJTY�fKH\JMüIFsfKJONZRc` � RÕfKUIJTYÎL-DGY\[ W f\U�[0]¡NGxMJTL�k [�ýs[�3
L�FsfK[-YBD9]�DuJMH>NGð¸��NZü�Y>NuðcfKUI[#Y\DGwÎ[/Y\JOS-[·JMRfKUI[#Y\DGwÎ[/Y\[�fBNuð�R�N�dI[-Y>÷<UI[�R�[�ëG[-H�]¡NZYKY\JOüIxM[G`
,�[nY±JTds[nY W fKUI[%Y\k�Y±f\[-w�fKH\JM[-YBfKN[�ýs[nL�FsfK[/fKDGY\jsYBNuðÖdsJ�.¡[-H\[-RZf·NGHKJO[-RZfK[-d0Du]I]�xOJTL�Duf\JMNGR�Y ñ Jµ` [G`
L�NGw�wÓFIRIJTL�DgfKJONZR�ü¡NGF�R�d0ë�Y-`IL�NZw�]IFsfKDuf\JMNGR0ü�NZFIR�d�õ W JMR�fKUI[%YKDuw�[#Y±[�fÐNuð�R�N�dI[-YBfKH\k�JMRIï
f\N_[�RIU�DuR�L�[ÓfKUI[�FIR�ds[-H\xMk�JOR�ï_iBJMw�[?3 ê U�DGH\JMRIï�YKLVUI[-w�D0NGð�NGF�H ò�� ê öÐv�Y±ksY±f\[-w ì � î�` ` R
[�ýIDuw�]IxM[0L-DuR ü¡[ÜY±[-[�R JOR m JMï�`Ý4I` D W ÷<UI[-H\[ J3

NGRIxMk Y\U�DuHK[-YÓJ�fVYÎRINsds[-YÎ÷<JOf\U
J2

` m J/3
R�DuxMxOk W DuR�d�ð¬NZHBf\UI[#]IF�H\]¡NZY\[/NuðAL�NGw�]�DGH\JTY±NZR W ÷�[/JMR�L�xMF�ds[%D�à�eEÍ1���/]¡NGxMJTL�k'w:DZds[/FI]_Nuð
D ) ���1x�e��vá Ü � Ü � ]¡NGxMJML�k0÷<JOf\UEf\UI[ MPLparal = 1 W HKDuf\UI[-H<f\U�DuR�6'DZYÐJMRÜf\U�[9NufKUI[�H]�NZxOJTL�JM[-Y-`
iBUI[Ð÷<UINZxO[QY\ksY�fK[�w ÷>DZYa[-ë�DGxOF�Dgf\[nd�JORDGR^cJMR�FsýL�xMF�Y�fK[�H�F�Y±JMRIïí$8/qi3 � Ú ñ í W ÿlo/PÐS�õ

RINsds[-YB÷<JOf\U � íE4uC�, NGðAw�[-wÎNZH\k�DuR�d0DÓð DGY±fÐvÖf\UI[-H\R�[�fÐJMRZfK[�HVL�NZRIRI[-L�f\JMNGR0RI[�f�÷>NGHKj`



@ÝA§C Ê?â�ÊLãzä�å æ�ç&èSé �¬� ¡ �����ëê ç&èSé�ì$í �¼Ò ¡ Ù��u�Z|Ð�u|V��|V�K~����n�ëî�-�����K�g�

ïW± � ð�ñ¾ÈBÊ0�E���òÊXó��&Ç9��ô�ÊXË$õ����&Ë
� R9fKUIJMY3Y\FIü�Y\[-L�f\JMNGR W ÷>[�]IHK[-Y\[�RlfÖY±NZw�[�HK[-Y\FIxOfKYAY±UINg÷<JMRIï·f\UI[>[?.[-L�fÖNuðIfKUI[<dsJ/.[�HK[�Rlf X ê q
DuR�d ö ê q ]�NZxOJTL�JM[-YÎNgëZ[�H%fKUI[_dsJ/.[�HK[�Rlf�w�J�ýs[-YÓð¬NZHÓfKUI[Fw ��x�e��v�¸�v�0{�|i}X����~�����g�ö�W�vx��
ñ w ��xyeg�v�q��JMw�[nõ¯DuR�dÎfKUI[F�WÍ���*÷�Wd<�]�²�vxy� ñ �Wd<�����vxy��õÖ[-Y±f\JMw:DgfKJONZR:wÎ[�f\UINsdIY-` m JMï�`02
Y±UINg÷ÐYÖf\UI[·[-Y±f\JMw�Duf\[ndÎf\FIHKR�DuHKNGF�R�d�ds[�ë�JTDgf\JMNGR ñ JOR = õÖð¬H\NZw@fKUI[ÐHK[-DuxIf\FIHKR�DuHKNGF�R�dÎf\JMw�[
ð¬NGH#fKUI[dsJ�.¡[-H\[-RZf%]¡NGxMJTL�JM[-Y%DGR�dÑ[-Y±f\JMw�Duf\JMNGR2w�[�fKUINsdIY�`AiBUI[-Y\[:HK[-Y\FIx�fVY/÷�[-H\[�NZüsfKDGJORI[nd
L�NGR�Y±JTds[�HKJMRIï9fKU�Dgf�4 ��= NGðyfKUI[#RINsds[-YÐU�DGd0Y±NZw�[pj�JMR�d0NuðAxONsL�DGxcDGL�f\JMëlJOf�kG`
m HKNGw m JMï�`W2ÜDGR�d L�NZR�Y\JMds[-H\JMRIï0f\U�[÷w ��x�e��v�q�W�vxy�'w�[�f\UINsdIY W ÷>[L�DGR2Y\[�[f\U�Duf9D���¸� ß?���1x.]�NZxOJTL�kÕð D�ëGNGHVYÓf\UI[e]IH\[ndsJTL�fKDGüIJMxOJOf�kÕNGðpfKUI[EY\k�Y±f\[-w NgëZ[�H:D ) ���1x�e��/]�NZxOJTL�k

ü�[nL�DuF�Y±[�J�fÓf\HKJO[nY%fKNEü�DuxTDuR�L�[:fKUI[�HK[-Y\NGF�HKL�[-Y#ïZJOëZ[�R2f\Nef\UI[�]�DuHVDuxMxM[�x�DG]I]IxMJML-DgfKJONZR�Y�` � R
Y±F�LVU�DeL-DGY\[ W f\UI[�fKDZY±jsY9ð¬NGHKw�JORIï2DE]�DuHVDuxMxO[-x>DG]I]IxMJML-Dgf\JMNGRÕU�D�ëG['f\UI[ÜYKDuw�['HK[-Y\NGFIHVL�[nY
DuR�d_fKUI[�REf\UI[-k_L-DuRÜ[-ëGNGxMëG[[��NZJORlfKxOk_xM[�f±fKJOR�ïf\U�[9[-Y±f\JMw:DgfKJONZREw�[�f\U�N�d�YQü¡[9w�NGHK[9DZL�L�F93
HKDuf\[G`3^cJMjG[-÷<JMY\[ W3m JOï�`i2ÌY\UINg÷ÐY#fKU�DgfD�,>DZY±JTL]¡NGxMJTL�k ]¡[�H\ð¬NGHKw�YÓ÷>NGHVY±[:fKU�DuR ) ���1x�e��
NGH����¸� ß?�g�1x ð¬NZH9Y±NZw�['L�DZY±[nY�`ciBUIJTY%JTY%w:DGJORIxMk2dsFI[:fKNÜf\UI[5à egÍ����'HK[-Y±f\HKJML�f\JMNGR2NuðBf\U�[
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