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Why is the Network Important?
4 ,QFUHDVH�LQ�SK\VLFDO�PHPRU\�SHU�&38

� /DUJHU�FKHFNSRLQWV
4 ,QFUHDVH�LQ�VL]H�RI�&RQGRU�SRROV

� ����&38V�LQ�RXU�ORFDO�SRRO
4 ,QFUHDVH�LQ�UHPRWH�H[HFXWLRQ�DFURVV�:$1

� :$1�SRROV��,1)1�
� )ORFNLQJ��8:��1&6$��810��,1)1
� 5HPRWH�6XEPLWWHUV��3HUVRQDO�&RQGRU



Types of Network Usage

4 3ODFHPHQW
4 3HULRGLF�&KHFNSRLQWV
4 3UHHPSWLRQ
45HPRWH�,�2



Network Management Goals

4 3URYLGH�$GPLQLVWUDWLYH�&RQWURO
� +7&�DSSOLFDWLRQV�PXVW�FR�H[LVW�ZLWK�RWKHU
QHWZRUN�XVHUV

4 ,PSURYH�$SSOLFDWLRQ�(IILFLHQF\��*RRGSXW



Monitoring Network Usage

4&RQILJXUH�1HWZRUN�5RXWLQJ�,QIR
40RQLWRU�1HWZRUN�8VDJH�3HU�8VHU�	�6XEQHW

� &KHFNSRLQW�	�([HFXWDEOH�7UDQVIHUV
� 5HPRWH�6\VWHP�&DOOV

4&RQGRU9LHZ�9LVXDOL]DWLRQ



T T+W

Network & CPU Co-Allocation

4)RU�HDFK�6XEQHW��FRQILJXUH�
� $YDLODEOH�FDSDFLW\
� $OORFDWLRQ�ZLQGRZ

4-RE�3ODFHPHQW�UHTXLUHV�FDSDFLW\�IRU
� &KHFNSRLQW�	�([HFXWDEOH�7UDQVIHU
� 5HPRWH�,�2��HVWLPDWHG�



3ODFHPHQW

5HPRWH
,�2

3HULRGLF
&KHFNSRLQW

Preemption
Checkpoint

;

4*RRGSXW� �$OORFDWLRQ���1HWZRUN�2YHUKHDG



Use Network Efficiently

4&RPSUHVVHG�&KHFNSRLQWV
� &38�YV��QHWZRUN�UHVRXUFHV

4 ,QFUHPHQWDO�&KHFNSRLQWLQJ
� 5HFRUG�FKDQJHV�VLQFH�ODVW�FKHFNSRLQW

4%XIIHUHG�5HPRWH�,�2��'RXJ�7KDLQ�
� /DWHQF\�+LGLQJ
� $YRLG�PXOWLSOH�UHDGV�ZULWHV�RI�VDPH�ILOH
GDWD



Ckpt and Filesystem Domains

4 3URYLGH�ORFDO�DFFHVV�WR�FKHFNSRLQW�DQG�ILOH
VWRUDJH

:$1



Checkpoint Domains

45HVRXUFH�RIIHU�LQFOXGHV�QHDUHVW�VHUYHU
� &NSW6HUYHU� �´FNSW�FV�ZLVF�HGXµ

4-RE�PXVW�UHPDLQ�LQ�FKHFNSRLQW�GRPDLQ
� /DVW&NSW6HUYHU� �´FNSW�FV�ZLVF�HGXµ
� 5HTXLUHPHQWV� �0\�/DVW&NSW6HUYHU�  

������7DUJHW�&NSW6HUYHU



Checkpoint Domains (cont.)

4-RE�PD\�PLJUDWH�LI�QR�&38V�DYDLODEOH�LQ
GRPDLQ
� 5HTXLUHPHQWV� 
���0\�/DVW&NSW6HUYHU�  
���7DUJHW�&NSW6HUYHU��__
���&XUUHQW7LPH���0\�/DVW3UHHPSW7LPH�!
���������

� 5DQN� �0\�/DVW&NSW6HUYHU�  
�����������7DUJHW�&NSW6HUYHU



Filesystem Domains

45HVRXUFH�RIIHU�LQFOXGHV�ILOHV\VWHP�GRPDLQ
� )LOH6\VWHP'RPDLQ� �´FV�ZLVF�HGXµ

4-RE�UXQV�ZKHUH�LQSXW�GDWD�LV�VWDJHG
� 5HTXLUHPHQWV� 
��7DUJHW�)LOHV\VWHP'RPDLQ�  �´FV�ZLVF�HGXµ



Filesystem Domains (cont.)

45HVRXUFH�RIIHU�PD\�LQFOXGH�VWDJHG
GDWDVHWV
� +DV'DWD6HW���� �7UXH

4-RE�UXQV�ZKHUH�GDWDVHW�LV�VWDJHG
� 5HTXLUHPHQWV� �7DUJHW�+DV'DWD6HW����



Co-Allocation Revisited

41HWZRUN�$ZDUH�&38�5HTXHVWV
� 5HTXLUHPHQWV� 
��&38%:�!�����		�56&%:�!�����

� 5DQN� �5HVWDUW%:�
� 5DQN� �����56&+RSV�

47LPH�EDVHG�FDSDFLW\�VSHFLILFDWLRQ
� /LPLW�:$1�EDQGZLGWK�XVHG�GXULQJ�ZRUN
KRXUV



Scheduling Preemption Ckpts

47LPH�WR�FKHFNSRLQW�LV�OLPLWHG�ZKHQ
SUHHPSWHG
� 3UHHPSWLQJ�XVHU�GRHVQ
W�ZDQW�WR�ZDLW

46LPXOWDQHRXV�SUHHPSWLRQV
� +HDY\�QHWZRUN�GHPDQG
� 6ORZ�FKHFNSRLQWLQJ
� 0LVVHG�GHDGOLQHV���)DLOHG�FKHFNSRLQWV



Scheduling Preemption Ckpts

40DQ\�SUHHPSWLRQ�HYHQWV�PD\�EH
DQWLFLSDWHG
� 6WDUW�RI�FODVV�IRU�ODE�ZRUNVWDWLRQ
� 6WDUW�RI�ZRUN�KRXUV�IRU�RIILFH
ZRUNVWDWLRQ

� 6\VWHP�PDLQWHQDQFH
46FKHGXOH�SUHHPSWLRQ�FKHFNSRLQWV�LQ
DGYDQFH�RI�UHVHUYDWLRQV



6XEQHW�$

6XEQHW�%

6XEQHW�&

5

Scheduling Preemption Ckpts



Scheduling Periodic Ckpts

4*RDOV�
� &RPSOHWH�FKHFNSRLQW�TXLFNO\
� 'RQ
W�LQWHUIHUH�ZLWK�PRUH�LPSRUWDQW
WUDQVIHUV

4 3HUIRUP�ZKHQ�QHWZRUN�LV�RWKHUZLVH�LGOH
� $YRLG�V\QFKURQL]HG�SHULRGLF�FKHFNSRLQWV



Network Scheduling

4)LW�MREV�WR�QHWZRUN�WRSRORJ\
� 3ODFH�QHWZRUN�LQWHQVLYH�MREV�RQ�IDVW
QHWZRUNV

� 3ODFH�MREV�QHDU�WKHLU�GDWD
4 /RFDWH�EHVW�FKHFNSRLQW�DQG�ILOH�VHUYHUV�DW
UXQ�WLPH

4 3UH�IHWFK�DQG�VWRUH�EHKLQG�DSSOLFDWLRQ
GDWD�ZKHQ�QHWZRUN�FDSDFLW\�LV�DYDLODEOH



Network Scheduling (cont.)

4%DODQFH�FKHFNSRLQW�FRVWV�ZLWK�H[SHFWHG
DOORFDWLRQ�WLPH

4 3UHHPSW�RU�PLJUDWH�KHDY\�QHWZRUN�XVHUV
4%DFNILOO�SRRO�ZLWK�OLJKW�QHWZRUN�XVHUV�WR
IXOO\�XWLOL]H�&38V



Summary

40DNLQJ�WKH�QHWZRUN�D�&RQGRU�PDQDJHG
UHVRXUFH

4 3URYLGH�DGPLQLVWUDWLYH�FRQWURO�RYHU�+7&
QHWZRUN�XVDJH

4 ,PSURYH�H[HFXWLRQ�HIILFLHQF\�E\�FR�
VFKHGXOLQJ�QHWZRUN�DQG�&38�UHVRXUFHV


