
Contents

L i s t  o f  A b b r e v i a t i o n s  ......................................................................  xi

I n t r o d u c t i o n  ............................................................................................ xiii

P a r t  1 . M a n a g e m e n t  o f  D i s t r i b u t e d  
I n f r a s t r u c t u r e s  ....................................................................................  1

C h a p t e r  1 . D i s t r i b u t e d  I n f r a s t r u c t u r e s  B e f o r e  
t h e  R i s e  o f  V i r t u a l i z a t i o n  .......................................................  3

1.1. O v erv ie w  o f  d is tr ib u ted  in f r a s tr u c tu re s .................................  3
1 .1.1. C l u s t e r ............................................................................................ 3
1 .1.2. D a ta  c e n t e r ................................................................................. 4
1 .1.3. G r i d ...............................................................................................  4

1 .1.4. V o lu n teer c o m p u tin g  p l a t f o r m s ......................................... 5
1.2. D is trib u ted  in fra s tru c tu re  m a n a g e m e n t from  th e

so f tw a re  p o in t o f  v i e w ..................................................................  6
1 .2.1. S ecu re d  c o n n e c tio n  to  th e  in fra s tru c tu re  and 

id e n tifica tio n  o f  u s e r s ........................................................... 6
1 .2.2. S u b m iss io n  o f  t a s k s ..............................................................  7
1.2.3. S c h e d u lin g  o f  t a s k s ..................................................................  8

1 .2.4. D ep lo y m e n t o f  t a s k s ..............................................................  9
1.2.5. M o n ito rin g  th e  in f r a s t r u c t u r e ............................................  9
1.2.6. T erm in a tio n  o f  t a s k s ..............................................................  10



vi S c h e d u lin g  o f  L a rg e - s c a le  V irtu a liz ed  In f ra s tru c tu re s

1.3. F ra m ew o rk s  trad itio n a lly  u sed  to  m a n a g e  d is trib u ted  
in f r a s t r u c tu re s ..................................................................................... 10

1.3.1. U se r-sp ac e  f r a m e w o r k s ........................................................ 10
1.3.2. D is tr ib u te d  o p e ra tin g  s y s t e m s ............................................  11

1.4. C o n c lu s io n  ........................................................................................  12

C h a p t e r  2 .  C o n t r i b u t i o n s  o f  V i r t u a l i z a t i o n  . . .  13

2 .1 . In tro d u c tio n  to  v ir tu a liza tio n  ....................................................  13
2 .1 .1 . S y s te m  an d  ap p lica tio n  v i r t u a l i z a t i o n ..........................  13
2 .1 .2 . A b s trac tio n s  c re a te d  by  h y p e r v i s o r s .............................. 16
2 .1 .3 . V irtu a liza tio n  te c h n iq u e s  u se d  by  h y p e rv iso rs  . . . .  17
2 .1 .4 . M ain  fu n c tio n a lit ie s  p ro v id e d  by  h y p e rv iso rs  . . . .  19

2 .2 . V irtu a liza tio n  a n d  m a n a g e m e n t o f  d is trib u ted  

in f r a s t r u c tu re s ..................................................................................... 22
2 .2 .1 . C o n trib u tio n s  o f  v ir tu a liza tio n  to  the  m a n a g e m e n t o f  

d is tr ib u te d  in f r a s t r u c t u r e s .................................................... 22
2 .2 .2 . V irtu a liza tio n  an d  c lo u d  c o m p u tin g  .............................. 24

2 .3 . C o n c lu s io n  ........................................................................................  25

C h a p t e r  3 .  V i r t u a l  I n f r a s t r u c t u r e  M a n a g e r s

U s e d  i n  P r o d u c t i o n .............................................................................  27

3 .1 . O v erv iew  o f  v ir tu a l in fra s tru c tu re  m a n a g e r s ....................... 27
3 .1 .1 . G e n e r a l i t i e s .................................................................................  27
3 .1 .2 . C la s s i f i c a t io n .............................................................................  28

3 .2 . R e so u rc e  o r g a n i z a t i o n ..................................................................  28
3 .2 .1 . C o m p u tin g  r e s o u r c e s ............................................................... 28
3 .2 .2 . S to ra g e  r e s o u r c e s ......................................................................  30

3 .3 . S ch e d u lin g  ........................................................................................  31
3 .3 .1 . S c h e d u le r  a r c h i t e c tu r e ...........................................................  31
3 .3 .2 . F ac to rs  tr ig g e rin g  s c h e d u l i n g ............................................  33

3 .3 .3 . S ch ed u lin g  p o lic ie s  ............................................................... 35
3.4. A d v a n t a g e s ........................................................................................  37

3 .4 .1 . A p p lic a tio n  p ro g ra m m in g  in te rfa ce s  a n d  u se r  

i n t e r f a c e s ..................................................................................... 39
3 .4 .2 . Iso la tio n  b e tw e e n  u s e r s .......................................................  39
3 .4 .3 . S c a la b i l i ty ..................................................................................... 4 0

3 .4 .4 . H ig h  a v a ila b ility  a n d  f a u l t - to l e r a n c e .............................. 4 2

C o n te n ts  vii

3 .5 . L i m i t s ...................................................................................................  45
3 .5 .1 . S c h e d u l i n g .................................................................................  45
3 .5 .2 . I n t e r f a c e s .....................................................................................  46

3 .6 . C o n c lu s io n   ..................................................................................... 46

P a r t  2 .  T o w a r d  a  C o o p e r a t i v e  a n d  D e c e n t r a l i z e d  
F r a m e w o r k  t o  M a n a g e  V i r t u a l  I n f r a s t r u c t u r e s  49

C h a p t e r  4 .  C o m p a r a t i v e  S t u d y  B e t w e e n  V i r t u a l  
I n f r a s t r u c t u r e  M a n a g e r s  a n d  D i s t r i b u t e d  
O p e r a t i n g  S y s t e m s  .............................................................................  51

4 .1 . C o m p a riso n  in  th e  c o n te x t o f  a  s in g le  n o d e ......................  52
4 .1 .1 . T ask  l i f e c y c l e .............................................................................  52
4 .1 .2 . S c h e d u l i n g .................................................................................  53
4 .1 .3 . M e m o ry  m a n a g e m e n t ...........................................................  56
4 .1 .4 . S u m m a r y ..................................................................................... 58

4 .2 . C o m p a riso n  in  a  d is tr ib u te d  c o n tex t .....................................  59
4 .2 .1 . T ask  l i f e c y c l e .............................................................................. 59
4 .2 .2 . S c h e d u l i n g .................................................................................  61
4 .2 .3 . M e m o ry  m a n a g e m e n t ...........................................................  62
4 .2 .4 . S u m m a r y ..................................................................................... 64

4 .3 . C o n c lu s io n  ........................................................................................  64

C h a p t e r  5 .  D y n a m i c  S c h e d u l i n g  o f

V i r t u a l  M a c h i n e s .................................................................................  67

5 .1 . S c h e d u le r  a rc h ite c tu re s  ............................................................... 67
5 .1 .1 . M o n i t o r i n g .................................................................................  68
5 .1 .2 . D e c is io n - m a k in g ......................................................................  68

5 .2 . L im its  o f  a  c e n tra liz e d  a p p ro a c h  ............................................. 69
5 .3 . P re se n ta tio n  o f  a  h ie ra rc h ic a l ap p ro a ch : S n o o z e   70

5 .3 .1 . P r e s e n ta t io n .................................................................................  70
5 .3 .2 . D isc u ss io n  .................................................................................  71

5 .4 . P re se n ta tio n  o f  m u ltia g e n t a p p r o a c h e s .................................  72
5 .4 .1 . A  b io - in sp ire d  a lg o rith m  fo r  e n e rg y  o p tim iza tio n  in

a  se lf-o rg a n iz in g  d a ta  c e n te r ................................................  7 2
5 .4 .2 . D y n a m ic  re so u rc e  a llo c a tio n  in  c o m p u tin g  c lo u d s  

th ro u g h  d is trib u te d  m u ltip le  c r ite r ia  d e c is io n  a n a ly s is  73



viii S c h e d u lin g  o f L a rg e - s c a le  V irtu a liz ed  In f ra s tru c tu re s

5 .4 .3 . S e rv e r  co n so lid a tio n  in  c lo u d s  th ro u g h  g o ss ip in g  . . 74
5 .4 .4 . S e lf-e c o n o m y  in  c lo u d  d a ta  ce n te rs  -  s ta tis tica l 

a s s ig n m e n t an d  m ig ra tio n  o f  v ir tu a l m a ch in e s  . . . .  75
5 .4 .5 . A  d is trib u te d  a n d  co lla b o ra tiv e  d y n am ic  load

b a la n c e r  fo r  v ir tu a l m a c h in e ................................................  76
5 .4 .6 . A  c a se  fo r fu lly  d e c e n tra liz e d  d y n am ic  v irtua l

m a ch in e  c o n so lid a tio n  in  c l o u d s .....................................  77
5 .5 . C o n c lu s io n  .....................................................................................  78

P a r t  3 .  D V M S , a  C o o p e r a t i v e  a n d  D e c e n t r a l i z e d  
F r a m e w o r k  t o  D y n a m i c a l l y  S c h e d u l e  V i r t u a l  
M a c h i n e s  .......................................................................................................  83

C h a p t e r  6 .  D V M S : A  P r o p o s a l  r o  S c h e d u l e

V i r t u a l  M a c h i n e s  i n  a  C o o p e r a t i v e  a n d  R e a c t i v e

W a y  ...................................................................................................................... 85

6 .1 . D V M S  f u n d a m e n ta l s ......................................................................  86
6 .1 .1 . W o rk in g  h y p o t h e s e s ............................................................... 86
6 .1 .2 . P re se n ta tio n  o f  th e  ev e n t p ro c e ss in g  p ro c e d u re  . . .  87

6 .1 .3 . A c c e le ra tio n  o f  th e  r in g  t r a v e r s a l .....................................  90
6 .1 .4 . G u a ra n te e  th a t a  so lu tio n  w ill b e  fo u n d  i f  it

e x i s t s ................................................................................................ 90

6 .2 . I m p le m e n ta t io n .................................................................................  95
6 .2 .1 . A rc h ite c tu re  o f  an  a g e n t .......................................................  96
6 .2 .2 . L ev e ra g in g  th e  sc h e d u lin g  a lg o rith m s  d e s ig n ed  fo r 

e n tro p y  ........................................................................................  98
6 .3 . C o n c lu s io n  ........................................................................................  99

C h a p t e r  7 .  E x p e r i m e n t a l  P r o t o c o l  a n d

T e s t i n g  E n v i r o n m e n t  ......................................................................  101

7 .1 . E x p e rim e n ta l p r o t o c o l ..................................................................  101
7 .1 .1 . C h o o s in g  a  te s tin g  p l a t f o r m ................................................  101
7 .1 .2 . D efin in g  th e  ex p e rim e n ta l p a r a m e t e r s ..........................  101
7 .1 .3 . In itia liz in g  th e  e x p e r im e n t .................................................... 102
7 .1 .4 . In je c tin g  a  w o r k l o a d ..............................................................  102
7 .1 .5 . P ro c e ss in g  re su lts  ..................................................................  103

7 .2 . T estin g  f r a m e w o r k .......................................................................... 103

C o n te n t s  ix

7 .2 .1 . C o n f ig u r a t io n .............................................................................  103
7 .2 .2 . C o m p o n e n ts .................................................................................  104

7 .3 . G r id '5 0 0 0  te s t b e d .......................................................................... 106
7 .3 .1 . P re sen  t a t i o n ................................................................................. 107
7 .3 .2 . S im u la t io n s .................................................................................  107
7 .3 .3 . R ea l e x p e r im e n t s ......................................................................  108

7 .4 . S im G rid  s im u la tio n  to o lk it ........................................................ 109
7 .4 .1 . P r e s e n ta t io n .................................................................................  109
7 .4 .2 . P o rt o f  D V M S  to  S im G r id .................................................... 109
7 .4 .3 . A d v a n ta g e s  co m p a re d  to  th e  s im u la tio n s  on

G rid ’5 0 0 0  .....................................................................................  110
7 .4 .4 . S im u la t io n s .................................................................................  110

7 .5 . C o n c lu s io n  ......................................................................................... I l l

C h a p t e r  8 .  E x p e r i m e n t a l  R e s u l t s  a n d

V a l i d a t i o n  o f  DVM S .......................................................................... 113

8.1. S im u la tio n s  o n  G rid ’5 0 0 0  ...........................................................  113
8 .1 .1 . C o n s o l id a t io n .............................................................................. 114
8 .1 .2 . In fra s tru c tu re  r e p a i r ............................................................... 119

8 .2 . R ea l e x p e r im e n ts  o n  G rid ’5 0 0 0  ................................................  123
8 .2 .1 . E x p e r im e n ta l p a ra m e te rs  .................................................... 123
8 .2 .2 . R e s u l t s ............................................................................................  125

8.3. S im u la tio n s  w ith  S i m G r i d ...........................................................  128
8 .3 .1 . E x p e rim e n ta l p a ra m e te rs  .................................................... 128
8 .3 .2 . R e s u l t s ............................................................................................  129

8 .4 . C o n c lu s io n  ........................................................................................  130

C h a p t e r  9 . P e r s p e c t i v e s  A r o u n d  DVM S ......................  133

9.1. C o m p le tin g  th e  e v a l u a t i o n s .......................................................  133
9 .1 .1 . E v a lu a tin g  th e  am o u n t o f  re so u rce s  c o n su m e d  by 

D V M S ............................................................................................  133
9 .1 .2 . U s in g  rea l t r a c e s ......................................................................  134
9 .1 .3 . C o m p a rin g  D V M S  w ith  o th e r  d e c e n tra liz e d  

a p p r o a c h e s .................................................................................  135
9 .2 . C o rre c tin g  th e  l i m i t a t i o n s ...........................................................  135

9 .2 .1 . Im p le m e n tin g  f a u l t - to l e r a n c e ............................................  135
9 .2 .2 . Im p ro v in g  e v e n t m a n a g e m e n t ............................................  136



x S c h e d u lin g  o f  L a rg e - s c a le  V irtu a lized  In f ra s tru c tu re s

9 .2 .3 . T ak in g  ac c o u n t o f  lin k s  b e tw e en  v irtua l
m a ch in e s  .................................................................................... 138

9 .3 . E x te n d in g  D V M S ............................................................................  138
9 .3 .1 . M a n ag in g  v ir tu a l m ach in e  d isk  im a g e s  ......................  139
9 .3 .2 . M a n ag in g  in fra s tru c tu re s  co m p o sed  o f  sev era l d a ta  

ce n te rs  co n n e c ted  by  m ean s o f  a  w id e  a re a  n e tw o rk  139
9 .3 .3 . In teg ra tin g  D V M S  in to  a  fu ll v ir tu a l in fra s tru c tu re  

m a n a g e r ........................................................................................ 140
9 .4 . C o n c lu s io n  ........................................................................................ 140

C o n c l u s i o n  ...............................................................................................  141

B i b l i o g r a p h y  ...........................................................................................  145

L i s t  o f  T a b l e s ...........................................................................................  157

L i s t  o f  F i g u r e s ........................................................................................ 159

I n d e x  .................................................................................................................  163


