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Global context

Observation : Environmental impact of Information and Communication Technologies is no
longer discussed.

Datacenters:
o 220-320 TWh of electricity used in 2021 [1]
« ~1% of Greenhouse Gas global emissions in 2021[1]

=+

Virtualization - Increasing demands
+ Infrastructures (cooling, etc.) - Bad resource management

- How to improve computing resource management in a datacenter ?

[1] IEA (2022), Data Centres and Data Transmission Networks, IEA, Paris https://www.iea.org/reports/data-centres-and-data-transmission-networks, License:
CCBY 4.0

cte Sl lreia- & ===



ComPAS Simon Lambert - 05/07/2023

Global context

- How to improve computing resource management in a datacenter?

Work on consolidation In our context :

 Limitaresourceusage * Full control from software to hardware
* Reduce costs » Identified levers of reduction

* Improve Quality of Service « Estimated 56% reductionin electricity

consumption

Lexicon:
* Physical Machine : PM
 Virtual Machine : VM

 Resources: CPU, RAM, disk usage rate, network usage
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Background information

VMWare vSphere 7

Allows segmentation (licence, security)

 Consolidation handled at this scale

- PM3) Pme/ L PM? )
\ C[us'te_f‘o1 / k C|us‘te,r‘09j

Virtualization infrastructure
segmentation in clusters

cic iUl '



ComPAS Simon Lambert - 05/07/2023

Context - VMs usage
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Context - VMs usage

Web Application | ,
VM usage evaluation algorithm :
is used(vm):
if cpu_usage(vm) <= 1 and net _usage(vm) == 0O:
Usage evaluation return ©
else:
return 1
2 key aspects:

cpu_usage : % CPU usage

net _usage : network traffic at interfaces
» Application consultation

« Background tasks
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Mean usage of GEO VMs
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Consolidation approach
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Memory overcommitment management mechanisms

Lab experiment:
« 2 PMs:Intel(R) Xeon(R) CPU E5-2687W @3.00GHz 12 Cores ; 384 GB RAM

« 62VMs(avg):7.3vCPUs/VM; 12.6GB RAM/VM
« Application dependent : GEO (WebGlIS Application) If a PM s full, it can:

« Balloon: retrieve inactive
memory on a VM to provide it
to another through a driver

¢ Swap : Write memory pages on
an external storage device (i.e.

| L external storage array, disks)
- = = e ~ « Page Sharing: Share identical
. _ memory pages within a single

Ballooning Swapping VM
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Manual consolidation of VMs

VM Memory Usage Total VMs Memory
(€]2)) RAM Usage (%) configuration (GB) vCPUs

Total 322,79 84,1 1168 382

250 1

« #vCPUs (< 32 per PM cores)

« Overcommitmentrate: 3

« Ballooning and swapping as a
reaction mechanism

% 100 ] * Transparent Page Sharing

(TPS) on the long term
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Cluster modeling

Variable | Description

P Ensemble des serveurs physiques

\% Ensemble des machines virtuelles
My Nombre de VM sur une PM p;

P Quantité de CPUs sur une PM

v© Quantité de vCPUs sur une VM

P Mémoire disponible sur une PM p;
v Mémoire configurée sur une VM v;

O Surallocation mémoire

Op. Surallocation mémoire sur une PM p;

Cluster variables

Number of needed PMs (memory)

cie Ll

*VvCPU per cores limitona PM. Q = 32

O(t) =
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s Yvm () on (1) > ()
Pl PPl =
Z‘L OP‘L t pi ( )

m
, avec v,

Memory overcommitment
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Problem solving

Variable | Description
P Ensemble des serveurs physiques
V Ensemble des machines virtuelles
. M i Nombre de VM sur une PM p;
PrObIem : Increase O(t) pcp Quantité de CPUs sur une PM
v© Quantité de vCPUs sur une VM
. . pit Mémoire disponible sur une PM p;
Solution : Determine 2 sets P, et P, such as v Mémoire configurée sur une VM v;
(@] Surallocation mémoire
Oyp, Surallocation mémoire sur une PM p;
P, P,
VMs Used VMs |dle VMs
. . V| xv¢’
< ] ~ m| | |[Vu|xo™ c| — [V X0
Memory commitment | Low O,(t) (<1) High O,(t) (=3) INP™| = [Ou(t)Xpm IN P’ X O

|Pu| = max(|NP]|, NP
Increase O(t) keeping O, (t) < observed

allocation rate on the infrastructure. Number of needed PMs for P,
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Consolidation Algorithm
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Algorithme 2 Algorithme de calcul du nombre de PMs

1: function CALCNUMPM(V,,, V-, P) 12: function CALCPMRAM(ram, oc, PMS)
Trier P en ordre décroissant de valeurs | 13: numPms =0

ptetps 14:  remainingMem — r4m
. e 15:  foreach p in PMS do
A NPE = CALLPMCPU(V& P) 165 if remainingMem < O then
5 Pyl =max(NP*, NPS) 1 Dreak
6: Enlever les premiers |P,, | serveurs de P 19: end1
7. NP™ = CALLPMRAM(V”" 0., P) : numfms = numPms + 1 o
20: remainingMem = remainingMem
8: NP: = CALC PMCPU(V]SL , P) _pm
9: Pa | =max(NPZ ,NPg) 21: end for
10: rEt“m.| Pul, [Pal 22: numPms = min(numPms, [PMS])
11: end function 23: return numPms

24: end function

25: function CALCPMCPU(cpus, PMS)

26: numPms =0

27: remainingCpus = cpus

28: for each p in PMS do

29: if remainingCpus < 0 then

30: break

31: end if

32: numPms = numPms + 1

33: remainingCpus = remainingCpus
—32 X p°©

34: end for

35: numPms = min(numPms, |[PMS])

36: return numPms

37: end function
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Consolidation Algorithm

Algorithme 2 Algorithme de calcul du nombre de PMs

1: function CALCNUMPM(V,,, Vg, P) 12: function CALCPMRAM(ram, oc, PMS) 25: function CALCPMCPU(cpus, PMS)
2: Trier P en ordre décroissant de valeurs 13: numPms = 0 26: numPms =0
R—ob . 14: remaininoMem  ram e 27—t o a0
3: NP™ = CALCPMRAM(V.", Oy, P) 15: m 28: e/
13. 1;- d £ X . V >< v L
4. NP = CALCPMCPU(VE , P) 16: |NPm ‘ — |Vu | XV 29: |NPC — | ":T! PN
5: [Pyl =max(NP™, NPE) 17 u O (t)xp™ || 3 u P XQ
7 N PHm _ CALCPMRAM(VSL, O " P) 19: uuutl?'ﬂ"l'?! T o T 1 - 32: 11!.11111: ll'lW
- ’ 20: remainin . = remainingCpus
8 NP: = CALCcPMCruU(Vy , P) _pm
9: [Pl =max(NPZ" NPZ) 21: end for — m c
10: return [P |, |Pg]| 22. numPms = |PH| T ma$(|NPu |? |NP'U,|) mPms, |[PMS])
11: end function 23- return numP
24: end function 37: end function
: : 7 p o
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Consolidation Algorithm

Algorithme 2 Algorithme de calcul du nombre de PMs

1: function CALCNUMPM(V,,, Vg, P) 12: function CALCPMRAM(ram, oc, PMS) 25: function CALCPMCPU(cpus, PMS)
2: Trier P en ordre décroissant de valeurs 13: numPms = 0 26: numPms =0
ptetps 14:  remainingMem — r4m 27:  remainingCpus = cpus
3: NP =CALC PMRAM(V”" Ow, P) 15: for each p in PMS do 28: for each p in PMS do
4 N PL CaLcPMCPU(VE P) 16: if remainingMem < O then 29: if remainingCpus < 0 then
5: |P " | — maX(N P m NP uj ’ ]_7: break 30: break
G- Enlever les prpmmrq |P.lserveursde P %8 end if 315 end if
7. NP™ = CALLPMRAM(V”" Ow., P) 9: numfms = numPms + 1 o 32: numI'Jn:ls =numPms +1 .
g NPE = CaL PMCPU(VC P) 20: remainingMem = remainingMem  33: remainingCpus = remainingCpus
. C m C
m o u r —Pp —32 X P
9: [Pa | = maxo\llf o NPg) 21: end for 34: end for
1}81 reterrr T 22: numPms = min(numPms, [PMS)) 35: numPms = min(numPms, |[PMS])
end function 23: return numPms 36: return numPms
24: end function 37: end function
. . ol p o
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Consolidation Algorithm

Algorithme 2 Algorithme de calcul du nombre de PMs

1: function CALCNUMPM(V,,, Vg, P) 12: function CALCPMRAM(ram, oc, PMS) 25: function CALCPMCPU(cpus, PMS)
2: Trier P en ordre décroissant de valeurs 13: numPms = 0 26: numPms =0
ptetps 14:  remainingMem — r4m 27:  remainingCpus = cpus
3: NP =CALC PMRAM(V”" Ow, P) 15: for each p in PMS do 28: for each p in PMS do
%z N PL CALLPMCPU(V& P %g if re]}:’r;leaiimgMem < 0 then %8 if rslllacll(Lnlng Cpus < O then
: |Pu|—maX(NPS’",NPu) ' : ' .
3: ENn]IDe;er 1?:5 prellj‘n 1e1£5 |P1\L/|r?f rvoeurspde P %g Eﬁ?ngms = numPms + 1 g% Eﬂ?ngms =numPms -1
. ALCFMEKAM s : .
( ) 20: remainingMem = remainingMem  33: remainingCpus = remainingCpus
8: NP = CALLPMCPU(V& , P) _pm —32 x p©
% Pols =max(NP NPT ) 21: end for 34: end for
1¢: returnul Pul, [Pxl Il 22: numPms = min(numPms, [PMS]) 35: numPms = min(numPms, |[PMS|)
Ik TTITCITOTT 23: return numPms 36: return numPms
24: end function 37: end function
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Manual instantiation of the problem

Identical configuration
Number of VMs 150
VMs configurations [(6,12)]
PMs configurations [(12,384)]
Usage rate 20%
0,/0, 0,735/3
#PM (P, / |P,l) 4(2/2)
Theoretical #PM (0=0,=0,) |7
Gains = =42.86%
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Manual instantiation of the problem

Identical configuration Different VMs
Number of VMs 150 150
VMs configurations [(6,12)] [(4,8), (8,12)]
PMs configurations [(12,384)] [(12,384)]
Usage rate 20% 20%
0,/0, 0,735/3 0,735/3
#PM (P, / |P,l) 4(2/2) 4(2/2)
Theoretical #PM (0=0,=0,) |7 6
Gains = =42.86% == =33.33%
i lreia & =m= .
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Manual instantiation of the problem

Identical configuration Different VMs Different VMs and PMs
Number of VMs 150 150 150
VMs configurations [(6,12)] [(4,8), (8,12)] [(4,8), (8,12)]
PMs configurations [(12,384)] [(12,384)] [(12,384), (24,768)]
Usage rate 20% 20% 20%
0,/0, 0,735/3 0,735/3 0,735/3
#PM (|P,|/|P,l) 4(2/2) 4(2/2) 2(1/1)
Theoretical #PM (0=0,=0,) |7 6 4
Gains = =42.86% == =33.33% == =50%
cte Sl lreia- B == -
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Electricity consumption

280 4

LIV LI

i * Consumption not proportional to
the configuration.

* Allows areduction estimation in
terms of power consumption.

Puissance (W)
8

200 1

180 - —— 12 coeurs (moy=192.58 W)

24 coeurs (moy=261.61 W)
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Results

Values
Number of VMs Entre 1000 et 3000

VMs configurations [(4,8),(6,12),(8,16)]

 Worst case: 100% usage rate
»  Usage case: 20% usage rate

PMs configurations [(12,384),(24,768)] « Best case: 0% usage rate
0,/ 0, 0,735/3

- V] - _
Mean reduction on 2000 simulations: Nt — ) ¥ Zj:o _;U{:’ ,E, )*
e Worst case: 1.60% (Lower bound) O X—( ; )

 Usagecase:55.93%

« Bestcase:67.75% (Upper bound) X =1384:Y =768
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Conclusion

|ssue : Complex resource management in datacenters

Approach : Consolidation method using memory overcommitment mechanisms

Works & results :
* VM usage evaluation algorithm (GEQO)
* Study of memory overcommitment mechanisms
« Ballooning, Swapping, TPS
* Modeling and instantiation of the consolidation in a cluster

- With our approach and observed values, 56% reduction of electricity consumption.
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Thanks

Questions ?

@mail :

simon.lambert@ens-lyon.fr
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