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2ZZZ�FV�ZLVF�HGX�FRQGRU

2XWOLQH

¿ ,QWURGXFWLRQ�WR�0DWFKPDNLQJ
h$UFKLWHFWXUH��3KLORVRSK\

¿ &ODVVLILHG�$GYHUWLVHPHQWV��&ODVV$GV�
h/DQJXDJH�IRU�0DWFKPDNLQJ

¿ 0DWFKPDNLQJ�LQ�&RQGRU
¿ )XWXUH�'LUHFWLRQV�LQ�0DWFKPDNLQJ
¿ &RQFOXVLRQ



3ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ

¿ 0DWFKPDNLQJ�LV�D�PHWKRGRORJ\�IRU
'LVWULEXWHG�5HVRXUFH�0DQDJHPHQW

¿ &RQFHSWXDOO\�VLPSOH�
h6HUYLFH�SURYLGHUV�DQG�UHTXHVWHUV�DGYHUWLVH
h&RPSDWLEOH�DGYHUWLVHPHQWV�DUH�PDWFKHG
h0DWFKHG�HQWLWLHV�FRRSHUDWH�WR�SHUIRUP�VHUYLFH

¿ 'HYHORSHG�IRU�RSSRUWXQLVWLF�HQYLURQPHQWV
h8VH�UHVRXUFHV�DV�DQG�ZKHQ�DYDLODEOH



4ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ��&RQW��

¿ &XVWRPHUV�DQG�6HUYHUV�DGYHUWLVH�WR�D
0DWFKPDNLQJ�6HUYLFH

¿ $GYHUWLVHPHQWV�GHVFULEH�DGYHUWLVLQJ
HQWLWLHV
h &KDUDFWHULVWLFV
h 5HTXLUHPHQWV�DQG�&RQVWUDLQWV
h 3UHIHUHQFHV

¿ :H�FDOO�WKHVH�GHVFULSWLRQV�FODVVLILHG
DGYHUWLVHPHQWV��FODVVDGV�



5ZZZ�FV�ZLVF�HGX�FRQGRU

&ODVV$G�/DQJXDJH�9HUVLRQV

¿ 1HZ�&ODVV$G�LPSOHPHQWDWLRQ�ZLOO�EH
UHOHDVHG�ZLWK�&RQGRU�9HUVLRQ����

¿ 2OGHU�LPSOHPHQWDWLRQ�ODFNV�
h6RPH�GDWD�W\SHV��OLVWV��QHVWHG�FODVVDGV�
WLPH�VWDPSV��WLPH�LQWHUYDOV

h6RPH�RSHUDWRUV��FRQGLWLRQDO��DUUD\
VXEVFULSW��ELW�ZLVH�RSHUDWRUV

h2WKHUV��IXQFWLRQ�FDOOV



6ZZZ�FV�ZLVF�HGX�FRQGRU

([DPSOH�&ODVV$GV
[
  Type = “Tenant”;
  Name = “John Doe”;
  Age = 28;
  HavePets = false;
  RentOffer = 900;
  Requirements = other.Type==“Apartment” &&
     other.Rent <= RentOffer && other.HeatIncluded;
  Rank = (other.Location==“Downtown” ? 2000 :
     other.OnBusLine ? 1500 : 1000) - other.Rent
]



7ZZZ�FV�ZLVF�HGX�FRQGRU

([DPSOH�&ODVV$GV��&RQW��
[
  Type = “Apartment”;
  Location = “Downtown”;
  HeatIncluded = true;
  Rent = 850;
  Phone = “608-555-1234”;
  Requirements = other.Type == “Tenant” &&
 !other.HavePets && other.RentOffer >= Rent;
  Rank = other.RentOffer
]



8ZZZ�FV�ZLVF�HGX�FRQGRU

7KH�0DWFKPDNHU

¿ 0DWFKPDNHU�PDWFKHV�FRPSDWLEOH�FODVVDGV
h0DWFKPDNHU�HQVXUHV�WKDW�6HUYHU�DQG�&XVWRPHU
&RQVWUDLQWV�DUH�VDWLVILHG

h6HUYHU�DQG�&XVWRPHU�3UHIHUHQFHV�DUH�KRQRUHG
�ZLWKLQ�ERXQGV�RI�IUDPHZRUN�

¿ 5HOHYDQW�SDUWLHV�QRWLILHG�ZKHQ�VXFFHVVIXOO\
PDWFKHG

¿ 0DWFKHG�SDUWLHV�FODLP�HDFK�RWKHU



9ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ
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10ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ

Tenant
Agent

Apartment
Agent

6WHS����$GYHUWLVH

Matchmaker



11ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ

Tenant
Agent

Apartment
Agent
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Matchmaker



12ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ
Matchmaker

Tenant
Agent

Apartment
Agent

6WHS����1RWLI\

7R�PDWFKHG�&XVWRPHUV 7R�PDWFKHG�6HUYHUV



13ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ
Matchmaker

Tenant
Agent

Apartment
Agent

6WHS����&ODLP



14ZZZ�FV�ZLVF�HGX�FRQGRU

0DWFKPDNLQJ�&RPSRQHQWV
¿ $GYHUWLVLQJ�/DQJXDJH
¿ 0DWFKPDNHU�3URWRFRO

h 'HILQHV�KRZ�DGV�DUH�VHQW�WR�WKH�0DWFKPDNHU
h1DPHV�´ZHOO�NQRZQµ�DWWULEXWHV
h 'HILQHV�KRZ�PDWFKHG�HQWLWLHV�DUH�QRWLILHG

¿ 0DWFKPDNLQJ�$OJRULWKP
h $OJRULWKP�XVHG�IRU�PDNLQJ�PDWFKHV

¿ &ODLPLQJ�3URWRFRO
h 'HILQHV�KRZ�PDWFKHG�HQWLWLHV�HVWDEOLVK�DQ�DOORFDWLRQ



15ZZZ�FV�ZLVF�HGX�FRQGRU

&ODVVLILHG�$GYHUWLVHPHQWV
¿ 6HW�RI��$WWULEXWH�1DPH�([SUHVVLRQ��SDLUV
¿ 6HOI�GHVFULELQJ��QR�VHSDUDWH�VFKHPD�

h &RPELQHV�VFKHPD��GDWD�DQG�TXHU\
h (QWLWLHV�FODVVDGV�PD\�LQFOXGH�DUELWUDU\�DWWULEXWHV��VR

ZRUNVWDWLRQV�PD\�DGYHUWLVH
� 3K\VLFDO�ORFDWLRQ
� /RFDOO\�FDFKHG�GDWD�ILOHV
� 7LPH�ZLQGRZV�ZKHQ�SUHHPSWLRQ�LV�XQOLNHO\

¿ 6\QWD[��>�Q�� �H���Q�� �H���«���QL� �HL�@
h ;0/�LV�D�JRRG�ILW��QRW�FXUUHQWO\�XVHG



16ZZZ�FV�ZLVF�HGX�FRQGRU

&RQGRU�([DPSOHV
[ Type = "Job";
  Owner = "raman";
  Cmd = "run_sim";
  Args = "-Q 17 3200";
  Cwd = "/u/raman";
  ImageSize = 31M;
  Qdate = ‘Sat Jan 9... ’
  ...
  Rank = other.Kflops...
  Requirements =  ....
]

[ Type = "Machine";
  Name = "xxy.cs. ...";
  Arch = ”ALPHA";
  OpSys = ”OSF1";
  Mips = 104;
  Kflops = 21893;
  Memory = 256M;
  LoadAvg = 0.042969;
  ...
  Rank = ...;
  Requirements = ...
]



17ZZZ�FV�ZLVF�HGX�FRQGRU

$WWULEXWH�([SUHVVLRQV
¿ &RQVWDQWV �������������������L;��µ��WUXH�

¶�����·��¶6DW�-DQ��������������«·
¿ 5HIHUHQFHV DWWU��VHOI�DWWU��RWKHU�DWWU
¿ 2SHUDWRUV !!���������
����! ��		�����
¿ )XQFWLRQV VWUFDW��VXEVWU��UHJH[S��PHPEHU����
¿ /LVWV ^�H[SU��H[SU������`
¿ &ODVV$GV >�QDPH H[SU��QDPH H[SU������@



18ZZZ�FV�ZLVF�HGX�FRQGRU

7KUHH�YDOXHG�/RJLF
other.Memory > 32 DOO
other.Memory == 32 81'(),1('
other.Memory != 32 �����������LI�RWKHU�KDV�QR
!(other.Memory == 32) �0HPRU\��DWWULEXWH

/RJLFDO�2SHUDWRUV��		�DQG�__��FDQ�VTXDVK�81'(),1('
)RU�H[DPSOH�

other.Mips >= 100 || other.Kflops >= 1000

758(�LI�HLWKHU�DWWULEXWH�H[LVWV�DQG�VDWLVILHV�
FRQGLWLRQ



19ZZZ�FV�ZLVF�HGX�FRQGRU

-RE�&RQVWUDLQW�([DPSOH

Requirements =
other.Type = "Machine"
&& other.Arch = ”ALPHA"
&& other.OpSys = ”OSF1"
&& other.Disk > 1G
&& other.Memory >= self.ImageSize;



20ZZZ�FV�ZLVF�HGX�FRQGRU

5DQN�([DPSOHV

// job’s rank for machine
Rank = other.Kflops/1k + other.Memory/32M;

// machine’s rank for job
Rank = member(other.Owner,ResearchGrp) ? 10

: member(other.Owner, Friends) ? 5
: 0;



21ZZZ�FV�ZLVF�HGX�FRQGRU

0DFKLQH�&RQVWUDLQW
([DPSOH

IsIdle = LoadAvg<0.3 && KeyboardIdle>‘00:15’;

Requirements =
     !member(other.Owner,Untrusted) &&
  (
     Rank >= 10 ? True :
     IsIdle &&

( Rank >= 5 ? True : DayTime() < ‘6:00’ || 
DayTime() > ‘18:00’ )

  )



22ZZZ�FV�ZLVF�HGX�FRQGRU

&RQGRU�0DWFKPDNLQJ
¿ 7R�PDWFK�WZR�DGV�$�DQG�%

h 6HW�XS�HQYLURQPHQW�VXFK�WKDW�LQ�$
� VHOI�HYDOXDWHV�WR�$��0<�LQ�ROG�FODVVDGV�
� RWKHU�HYDOXDWHV�WR�%��7$5*(7�LQ�ROG�FODVVDGV�

¿ &KHFN�SHU�FODVVDG�SROLF\
h $�5HTXLUHPHQWV�DQG�%�5HTXLUHPHQWV
h $�5DQN�DQG�%�5DQN�IRU�SUHIHUHQFHV

¿ &RQGRU�0DWFKPDNLQJ�LV�D���ZD\�EDODQFLQJ�DFW�
h 8VHU�3ULRULWLHV��-RE�3UHIHUHQFHV��0DFKLQH�3UHIHUHQFHV�

$GPLQLVWUDWRU�3ROLFLHV



23ZZZ�FV�ZLVF�HGX�FRQGRU

&RQGRU�0DWFKPDNLQJ�
3ULRULWLHV

¿ 6XEPLWWHUV�DUH�DVVLJQHG�SULRULWLHV�EDVHG�RQ
h 3DVW�UHVRXUFH�XVDJH
h $GPLQLVWUDWRU�SROLF\��ERRVW�DQG�GHFD\�IDFWRUV

¿ 6XEPLWWHUV�QHJRWLDWHG�LQ�SULRULW\�RUGHU
h 8VHUV�ZLWK�EHWWHU�SULRULW\�PRUH�OLNHO\�WR�JHW�ZKDW�WKH\

ZDQW
¿ 3ULRULWLHV�XVHG�WR�GHWHUPLQH�´IDLU�VKDUHµ

h 6KDUH�GHWHUPLQHG�E\�UDWLR�RI�SULRULWLHV
h0D\�XVH�PRUH�WKDQ�IDLU�VKDUH�LI�QR�RQH�HOVH�ZDQWV

UHVRXUFHV



24ZZZ�FV�ZLVF�HGX�FRQGRU

&RQGRU�0DWFKPDNLQJ�
3UHHPSWLRQ

¿ -RE�PD\�EH�SUHHPSWHG�IRU�GLIIHUHQW�UHDVRQV
h 3ULRULW\��1HZ�MRE·V�2ZQHU�KDV�EHWWHU�SULRULW\
h 5DQN��0DFKLQH�OLNHV�QHZ�MRE�PRUH

¿ $GPLQLVWUDWRU�PD\�FRQWURO�SUHHPSWLRQ
h 6WDOO�SULRULW\�SUHHPSWLRQ

� 35((037,21B5(48,5(0(176�SDUDPHWHU
� H�J���SUHYHQW�´WKUDVKLQJµ

h $IIHFW�FKRLFH�RI�PDFKLQH�WR�SUHHPSW
� 35((037,21B5$1.�SDUDPHWHU
� H�J���UHGXFH�QHWZRUN�ORDG



25ZZZ�FV�ZLVF�HGX�FRQGRU

&RQGRU�0DWFKPDNLQJ�
6FKHPH

¿ )RU�VXEPLWWHU·V�MRE�-��XSWR�IDLU�VKDUH�
h2QO\�FRQVLGHU�YDFDQW�RU�SUHHPSWDEOH�PDFKLQHV
h2UGHU�OH[LFRJUDSKLFDOO\�E\

���-RE�UDQN�RI�PDFKLQH
���3UHHPSWLRQ�0RGH
�����1RQH�!�5DQN�!�3ULRULW\�
���35((037,21B5$1.��LI�DSSOLFDEOH�

h&KHFN�35((037,21B5(48,5(0(176�LI
SUHHPSWLQJ�IRU�SULRULW\



26ZZZ�FV�ZLVF�HGX�FRQGRU

)XWXUH�:RUN
¿ (IILFLHQW�0DWFKPDNLQJ

h $WWULEXWH�DQG�FRQVWUDLQW�LQGH[LQJ�VFKHPHV
h ,QLWLDO�UHVXOWV�YHU\�SURPLVLQJ�

� ��N��N��WDNHV���PLQV��LQVWHDG�RI���KUV����PLQV�

¿ 0XOWLODWHUDO�0DWFKPDNLQJ��*DQJ�0DWFKLQJ
h0DWFKPDNLQJ�ZLWK�PRUH�WKDQ�WZR�HQWLWLHV

� H�J���-RE�:RUNVWDWLRQ�/LFHQVH
h ,Q�DGGLWLRQ�WR�FR�DOORFDWLRQ��FDQ�LPSOHPHQW

� 5HJXODWLRQ��OLPLW�QXPEHU�RI�UXQQLQJ�LQVWDQFHV
� $JJUHJDWLRQ��DEVWUDFW�DJJUHJDWH�VHUYLFHV



27ZZZ�FV�ZLVF�HGX�FRQGRU

&ODVV$G�6XPPDU\

¿ 'LVWULEXWHG�UHVRXUFH�PDQDJHPHQW
h'LVWULEXWHG�FOLHQWV��VHUYHUV
h+HWHURJHQHRXV�UHVRXUFHV

¿ &ODVVLILHG�DGYHUWLVHPHQWV
h6HPL�VWUXFWXUHG�GDWD�PRGHO
h6FKHPD��GDWD��DQG�TXHU\�LQ�RQH�VWUXFWXUH

¿ 0DWFKPDNLQJ
h&RQGRU·V�PDWFKPDNLQJ�DOJRULWKP



28ZZZ�FV�ZLVF�HGX�FRQGRU

&ODVV$G�6XPPDU\��&RQW��

¿ &ODVV$GV�DUH�XVHG�WKURXJKRXW�&RQGRU
h5HSUHVHQW�DQG�TXHU\�V\VWHP�GDHPRQV

� VWDUWGV��VFKHGGV��PDVWHUV��FROOHFWRUV��FKHFNSRLQW
VHUYHUV

h&RQILJXUDWLRQ�DQG�-RE�&RQWURO
¿ &���DQG�-DYD�LPSOHPHQWDWLRQV
¿ $YDLODEOH�DV�SDUW�RI�&RQGRU�DQG�DV�VWDQG�
DORQH�OLEUDULHV


