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https://www.ensta-bretagne.fr/boukhobza/
jalil.boukhobza@ensta-bretagne.fr

/ Education
/1999 — Engineer in Electronics, INELEC, Algeria
/ 2000 — Master (DEA) in computer science, Univ. Versailles
/2004 — PhD Univ. Versailles, PRiSM Lab., Storage Systems
/ Prof. Exp.

/ 2004-2006 — Research and teaching assistant, Univ. Versailles
/ 2006-2020 — Associate Professor, Univ. Bretagne Occidentale
/ 2013-* — Part time researcher at IRT b<>com, Rennes
/2016 Invited researcher, Hong Kong Polytechnic University

/ 2020-* Professor, ENSTA-Bretagne / team leader of SHAKER (Software/HArdware and
unKnown Environment inteRactions)

/ Research topics:
/ Storage and memory systems

/ Modeling / benchmarking / data placement / 1/O optimization / I/O tracing

/ Domains: Cloud and Fog resource management, Embedded systems, HPC, DB
/ Current projects:

CEA: DataMeSS, data placement in multi-tiered storage systems

Atos: Energy I/O optimization for HPC with frugal and federated learning
NIST: cache optimization for NDN networks

DGA-AID project: DISPEED Intrusion Detection and Security, 1'/Performance/Energy tradeoff: a Study for =2
Drone Swarms, with UBO, NAval Group, ICS FORTH, Scientific coordinato : =

. ENSTA
J

BRETAGNE

STICC

N NN N N

IRT b<>com: service scheduling in heterogeneous systems (FPGA, GPU, GPP)
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A

isclaimer ’

/ The focus of this presentation is about data placement on the Cloud

/ Most SOTA work on the topic have been omitted as we focus on our
contributions = see papers for SOTA work

/ Simplification = loss of information

/ lam not
/ An Operations Research (OR) expert
/ An Artificial Intelligence (Al) expert

/ But | use those concepts | will frequently say:

Refer to the
paper for
more details !

/My vision of things is necessariliy biased
/ Computer scientist
/ Working on system research
/ Working in academia
/ not a « technology » guy ©

[ 4
/ Assumption about the audience:
/ Mainly computer scientists
/ Working in a Cloud/edge topic

/ Unaware of storage systems intricacies

/ 2 types of slides

/ Normal slides
/ Quick slides 9’

jalil.boukhobza@ensta-bretagne.fr " E N STA

BRETAGNE
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resentation outline

/ Background on memory & storage

/ Data placement in the Cloud/Edge
/ MAPE-K
/ Tracing |/Os
/ Analyzing 1/Os
/ Planning for 1/Os
/ Executing 1/Os

/ Ephemeral resource management in the Cloud
/ Capacity
/ Usage
/ Scheduling

/ Some conclusions

Journées Cloud/Edge-
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resentation outline

/ Background on memory & storage

Journées Cloud/Edge-

5/12/2022 BRETAGNE

jalil.boukhobza@ensta-bretagne.fr




7

« It's the Memory, Stupid! »

A paper written by Richard Sites (1996), lead designer at
DEC

Memory ©

“Across the industry, today’s chips are largely able to execute code
faster than we can feed them with instructions and data. There are no
longer performance bottlenecks in the floating-point multiplier or in
having only a single integer unit. The real design action is in memory
subsystems— caches, buses, bandwidth, and latency.”

“Over the coming decade, memory subsystem design will be the only
important design issue for microprocessors.”

— Richard Sites, after his article “It's The Memory, Stupid!”,
Microprocessor Report, 10(10),1996

Processor-Memory Performance Gap %37 .
Proc Source: Spidey ed. Lug
. “Moore’s Law” J ?SX/%Y;;:)
% 1000 — ‘avg =pX tC + (l -P) x ‘m WU’f_94
S 100 rg.fu.,..u.r, Gap
I (i:’% ;;M) Now, although (1-p) is small, itisn’t zero. Therefore as t, and t, diverge, £,y will grow
5 T hhoys) and system performance will degrade. In fact, it will hit a wall.

L NS S S T R ) T
1980 1984 1988 1992 1996 2000 2004

Year

femory: Structures €$210_305_103 _—
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( Credits go to Leonardo Suriano & Karl Rupp )
Microprocessor Trend Data

1074+ Number of Logical Cores ¢
L
= Frequency (MHz) N H:"' ¢
1084 ¢+ Transistors (thousands)
v Power (Watts)
10°3 »  single Thread Perf
109 4 |.0
[ 2]
10 § TN
[T
‘ o ad
102 or g
* L o
- v
101 4 . - "
" N . v vy TyT ¥
107 + g! A A B Ak d e A MM A &
1970 1980 1990 2000 2010 2020

DRAM Improvem
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& Latency

0
dwidth  @Latency 128x

1999 2003 2006 2008 2011 2013 2014 2015 2016 2017

Slide of O. Mutlu

https://safari.ethz.ch/memory_systems/TUWien2019/doku.php?id=schedule
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he gap with storage is even worse... , 7\

m The Latency Spectrum and Gaps
Flash Memory Summit """201 5

CPU/ D HDD TAPE
SRAM
1ns 10ns 100ns " 1us 10us 100us 1ms 10ms 100ms 1s
Increasing Density >
< Increasing Cost
Flash Memory Summit 2019
Santa Clara, CA Mark Webb, MKW Ventures Consulting 10
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rice of memory

:

N F— '8 DRAM/Flash Avaraga tail Prices|of Stﬂ'l'ﬂgﬂ
5 o >

E\ Ce, o DRAM ® Desktof ® Enterprise

- om Edterprise HDD .E; o Flash B Mobile | = 1"

E

E
E
= Ed Grochowski
E
1990 1995
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lash memory cells

/ Invented by F. Masuoka Toshiba 1980
/ Introduced by Intel in 1988

/ Type of EEPROM (Electrically Erasable & Programmable Read Only
Memory)

/ Use of Floating gate transistors
/ Electrons pushed in the floating gate are trapped

Source

P substrate

/ 3 operations: program (write), erase, and read

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
5/12/2022 BRETAGNE
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lash memory operations

oV 20V Ref. voltage

\ 4

\ 4

Erase operation Program / write Read operation

/ FN (Fowler-Nordheim) operation » Apply reference voltage
turlme“né’! Apply high » Apply high voltage to to the control gate:
voltage to substrate the control gate N e p——
(compared to the charged: no current
operating voltage of the » = electrpns get flowg '
chip - usually between trapped into the
7—20V) floating gate > ]Icllc not charged; current

ow
/ — electrons off the » Logic « 0 »

floating gate
/ Logic « 1 » in SLC

jalil.boukhobza@ensta-bretagne.fr " E N STA

BRETAGNE
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AND flash memory architecture

Chip Plane Block Page
/o [ —— —
Bus ‘\._‘
‘,“ v '..‘ o = :
"‘s‘ : -
“n‘ NAND Matrix *,
.. L..i, " 3 :
s“ Page ) *
1/0
et o (R
=== W Cwirite )

/ Read/Write — page
/ Erasures = blocks
/ Page: 2-8KB

/ Block: 128-4096 KB

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr

Data area

Out of Band
area
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/Different densities: SLC, MLC, TLC, QLC

SLC MLC TLC QLc

(Single Level Cell) (Multi Level Cell) (Tri Level Cell) (Quad Level Cell)

] Tri Level T
Single Level Multi Level a
1 0 cell(ste) (11| [01) [00} [10} cepmLc) Cell 1) s AARAAAARAANARAA
NAND NAND NAND Foochorat ooz oekeugy toootioet'steon reePisey
VTOtaI VTotaI VTotaI

1 bit / cell 2 bits / cell 3 bits /cell 4 bits/cell

Performance ++++ SRy ++ +

Density + ++ +++ ++++

Lifetime (P/E ~ 100 000 ~ 10 000 ~5 000 ~1000
cycles)
ECC + ++ +++ ++++
complexity

Applications Embedded and Most consumer Low-end consumer Write once, read

industrial applications (e.g. applications not many
applications (high memory cards) needing data
end SSDs...) updates (e.g. mobile —

GPS) —

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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yte shipment share ’

Byte Shipment Share by Storage Media Type
100%————————————————
h I I I I I I
60% Memory business: market shares by players based on 2018 forecasts
40%
NAND market DRAM market
= Samsung # Toshiba “ WD/Sandisk = SK hynix . ) i
20% B Micron Intel B Others ®Samsung ©SK Hynix ®Micron ®Others
3%
0%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2

Source: IDC's Data Age 2025 study, sponsored by Seagate, April 201
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lash memory constraints

Floating gate

Electrons get trapped
Data update: in the oxide layer

- Invalidate deteriorating its

- Out-of-place update characteristics

* Electrons cannot move
from oxyde layer to
floating gate

Logical to physical

) Wear leveling
mapping

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr ™ ENS A
5/12/2022 > BRETAGNE
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ear leveling

/ You already do that with your tyres ...

Pierelli

4 tyra rotation 5 tyre rotation Tyre rotation when size Courtesy

all are same size all are same size is different front & rear

/ Keeping a balanced erasures’ distribution over flash memory
blocks.

http://www.presence-pc.com/tests/ssd-flash-disques-22675/5/

Usure avec une protection statique

100000 -

Block with max

90000

cycles much «.»| More balanced
higher than 70000

60000 -

50000

MNombre de cycles

40000

30000 4

20000
10000
04

1 4 F 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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e

arbage Collection

Moving people to a new city
and « erasing » the old one
to reuse the space !!!

/ Moving valid pages from blocks containing invalid data and then
erase/recycle the blocks

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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lash memory structure

Application

[ Other } Logical to physmal
mapping J

’ (4

Garbage Wear
Collection leveling |

FTL (Flash Translation Layer)

[ Flash Memory Array J

Flash Memory Device

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr
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SD architecture

. —"g’—T:hip Plane

Flash | ... |Flash
Host Channel

o R e R o
; Interface Data . > Controller =5 ry :
Buffer

N~ Bus 3
ECC RS

F
b

Data area
Y i . \ i <1 Out of Band
RN kS . area
H v NAND Matrix *,
E htS s
: - : “\ n q
: | =
Flash Flash o
Micro- ¥ Chip Chip ] Bus -(Read
[ H H Emse
rocessor RAM Channel i -
P Controller T T
.-'"'
-

LBA-to-PBA Bad Block
Map List

Request Handler

LBA-to-PBA | | Write Page Garbage Wear

Free Block Meta Data
mapper Allocator Collector Leveling Queue Cache

Source: Bonnet, Bouganim, Koltsidas, Viglas, VLDB 2011
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ead/write asymmetry and disparity

/ Flash disk performance is heterogeneous
/ Depend on internal structure and workload

/ Performance disparities between SSDs from the same constructor and
between different technologies are significantly high

______ = e OLD Seq —+— SLC Seq - MLC Seq --m-- TGN Seq - -#- -
el i - e Im Obred e Sioren . mcheden  romhed an R e o S e e ]
Y e S e
e 160 | .t |
. s . ‘.F' e - -
200 | R ,‘/ . 140 b (_.- _
—_ R n S
% B E 120 | | =
i S | . &
< 150 L = 00} : =
é 2 ‘ » R =
- - | d oo W g R w
-§’ 100 | - -§’ ® : * ,; """ e R SR o %
2 e 3 wl E 7 ",,B' =1
= = w / -3 2
= = J - =
40 | i o =
50 - 4 et ~ &
- o o
20 B - P - 1 =
=TT = _— B e N
, =i e P B e N LR o - g A
512 1K 2K 4K BK 16K 32K BAK 128K 256K 512K 1M 2M 4M B8M 16M 512 1K 2K 4K BK 16K 32K B4K 128K 256K 512K 1M 2M  4M  8M 1BM 52 1K K 4K Bk f8K 0K SIK ONCISECSIOK 1M A dM S feM
Size of a Unit Request (Bytes) Size of a Unit Request (Bytes) Size of a Unit Request (Bytes)
(a) SSD read (b) SSD write (¢) HDD read/write
Table 3
Specifications of the storage devices used in our work.
OLD MLC SLC TGN HDD
Model FSD32GB25M 1C32G MSP7000 MMCRE28G5 WD1600BEKT
Vendor Super talent 0cz MTron Samsung Western digital
Form factor 2.5in. 25in 25in 25in 25in
Flash type/RPM SLC MLC SLC MLC 7200
Capacity 32GB 32GB 16 GB 128 GB 160 GB
Rd./Wr. Perf. (MB/s) B60f45 14393 120/90 220/200 NANA

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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erformance of write operations

Flash performance needs time to reach steady state... and may oscillate
between states ...

N
N
SSD Performance States - Normalized IOPS g
D1 MLC pD2MLC == D3MLC =—D4MLC ~=D5MLC =D6MLC “D7SLC == D8SLC -;\
o
* [ Fos
10
| Transition
|
s Steady State

(desirable test range)

Normalized I0PS
—
o
[
l
)

-02%3Ud11D07%S1d0T%SSS/S3|14/3Neyap/saiis/310 elus//:dny :921n0s

‘0.4
2 e e——— o S 1 —PIWd
\ — T
0.0 = - ~ thehe = R
0 100 200 300 400 "~ S00 = 600 700

Time (Minutes)

Figure 1-1 — NAND-based SSS Performance States (RND 4KiB Writes) /
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Journées Cloud/Edge-
5/12/2022

ummary

As compared to traditional drives

/ New constraints
/ Write/Erase granularity
/ Erase before write
/ Endurance

/ New performance model

/ ~ Symmetric sequential / random
read

/ More sensitive to writes (lifetime)

/ Asymmetric sequential / random
writes

/ Sensitive to the fill rate

jalil.boukhobza@ensta-bretagne.fr

Architecture

e Cache
° FTL



4

resentation outline

/ Data placement in the Cloud/Edge
/ MAPE-K
/ Tracing |/Os

Journées Cloud/Edge-
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/Hybrid storage for the Cloud ,

/ Many flash memory integration options:

Processor
LT " h
Il \Y

1
.| DRAM |

1
; :
1 Main :
‘'«  memory .,
I‘ ------- ‘\
O !
| Flash [,
I 1
\  Storage |
‘o System ’

(D) Alternative
storage
peripheral

J. Boukhobza, "Flashing in the Cloud: shedding some light on NAND flash memory storage systems", in book Data Intensive Storage Services for Cloud
Environments, , pp. 241-266, |Gl Global Editor, ISBN13: 9781466639348, Apr. 2013

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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/MAPE-K model

/ MAPE-K [IBMO1] autonomic loop (for data
placement)

/ Managed Element (ME)

/ Any software or hardware element

/ Sensors
/ Collect the data about ME

/ Effectors
/ Carry out changes to ME

/ Autonomic Manager (AM)
/ Monitor ME and Execute changes
/ Analyze the monitored data
/ Plan for changes if requires
/ Execute planned changes

/ Knowledge : refers to the information that AM may
maintain about ME

-

~

Autonomic Element

Autonomic Manager

%yse ra%

Knowledge

Monitorl__ ——IExecute
A
Y
Sensors Effectors

C

Managed Element )

[IBMO1] Jeffrey O Kephart and DavidMChess. The vision of autonomic computing. Computer, 36(1) :41-50, 2003. - /

Journées Cloud/Edge-

jalil.boukhobza@ensta-bretagne.fr
5/12/2022 . @ =

BRETAGNE



/1 ® (4 (] d Autonomic Element M

) Monitoring I/Os - intro

| Sensors | | Effectors|

Managed Element

/ An /O request passes through a process; H procees 1@

large software stack Tbrary (6x - C

/ Libraries: buffering (e.g.fflush())
/ VFS : file semantic 1. VFS
/ FS : file structure and hierarchy

/ 1/0 scheduler: optimize I/O by
reordering 1/Os
/ Storage device: yet several other blocks 3. Device

(see previous slides) :13:?

.

aoeds Jasn

System calls (open, read, write, etc)

Virtual file system (VFS)
Page cache

FS:
ReiserFS

a/emyos

2.FS

aoeds jauley

4. Flash

64‘8%

t I/O stream

e J. Boukhobza, P.Olivier, Flash Memory Integration: Performance and Energy Issues, 1st Edition. ISTE Press - Elsevier 2017, ISBN 978-1-78548-124-6
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/1 d Autonomic Element M

) Monitoring I/Os - first try:

Analyse)| Plan

(re)using off the shelf tools

| Sensors | | Effectors|

C Managed Element

/ A multilevel VM 1/O monitoring tool
/ Each level provides a different view of the I/Os Vel 10 Stats:

- #Read/Write bytes

{ Processes

i
Y

- Read/Write time stamps
( |
/ libvirt (https://libvirt.org/) APl to get 1/O =) Cr o oo U e (g R G
statistics in hypervisor level In_gle s um_ | \/ -’
read vm.img 10 000,1 - 4
/ (s:gtrlzlsce (see the man) to trace VM 1/0 system SR D e (Firtaal File systes
/ libext2fs (http://www.giis.co.in/libext2fs.pdf) u
to get the mapping between VM files and File Systems
corresponding blocks on the physical block ; u B
deV|Ce Partition I/0 traces: p . .
i Part process  I/0 #block time |
/ blktrace (see the man) to trace I/O operations omE s 0 Block 1/0 layer
at the block level aE L0

[Physical Storage Devices |

System layer
[11/0 tracer component
Input/Output

/ Parsing and filtering monitoring outputs = Inter-cosponent communication

* H. Ouarnoughi, J. Boukhobza, F. Singhoff, and S. Rubini, “A multi-level 1/0 tracer for timing and performance storage systems in laaS Cloud, Real-time
and distributed computing in emerging applications”, IEEE REACTION, pp.1-8, Rome, Dec. 2014.

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr Ladb’ E NSTA
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https://libvirt.org/
http://www.giis.co.in/libext2fs.pdf

/1) Monitoring I/Os - first try:
(re)using off the shelf tools -2-

vda 4135 55024540 223 45878720 1411477037
wvida 4135 55024640 272 67342336| 1411477038
vida 4135 55024640 280 67932160 1411477039
vida 4135 55024640 280 67932160 1411477040
/ Libvirt - which VM uses which file read 7 anon_inode:[signalfd] 128/ 1411477037
read 8 anon_inode: [eventfd] 512 1411477037
/ strace = what system calls were launched read 23//dev/net/tun 69632 1411477038
. . . . read 23//dev/net/tun 69632 1411477038
/ Libext2fs = which files correspond to which write 16//var/lib/libvir/gemu/vm1. monitor 56 1411477038
blocks ? write 16/var/libflibvirt/gemu/vml.monitor 56| 1411477038
write 16/ varlidlibvirt/gemu/vml.monitor 56| 1411477038
/ Blktrace 9 What blocks are accessed on the write 16 varlibdlibvirt/gemu/vml.monitor 56| 1411477038
d . o) write 16 varlibdlibvirt/gemu/vml.monitor 535 1411477038
EVICES - read 17 anon_inode:[eventfd] 8| 1411477038
read 11 pipe 16/ 1411477038
write 9/anon_inode: [eventfd] 8| 1411477038
/ Traces are grouped using the time stamp of = oosaa O W [aaz0554 o] 1411477037
each trace level to have a system I/O snapshot =8> 22544 2 S oaasoaos {cvml 1411477057
. . <G> 22544 | WS 54420608 [kwirm] 1411477038
/ Traces in different levels can be grouped se=  Jzzsaa o ws 54420756 [k 1411477055
. . . . o= wIm
aCCOFdlng to the time to flush dlrty data in <6=> 22544 |Q WS 54420992  |[kwvm] 1411477038
Linux (dirty_expire_centisecs and == |pooas lo  fwo |oaar1120 |povm] 1411477038
dirty_writeback_centisecs) —o- 22544 & ws |sasziz4a [ficwm] 1411477038
<G 22581 Ol A 0 W
: e |z2o01 [0 |ws |are0s180 [hcvm] 1411477038
ISSUES. <G 22590 O WS AT7B02395 [kwim] 1411477038
/ Complexity (several tools) == |zos03 [0 |ws |aveorass [fcvm 1411477038
. . . =G 22581 WS 54420568 ke 1411477038
/ Overhead (huge if |/O Intensive appS) 6> 22552 g WS 47807226 Ek:mi 1411477038
<G 22551 O WS ATB0T354 Newrm 1411 A4AFF0O38

* H. Ouarnoughi, J. Boukhobza, F. Singhoff, and S. Rubini, “A multi-level 1/0 tracer for timing and performance storage systems in laaS Cloud, Real-time
and distributed computing in emerging applications”, IEEE REACTION, pp.1-8, Rome, Dec. 2014.

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr Ladb’ ENSTA
5/12/2022 BRETAGNE




/1 d Autonomic Element M

) Monitoring I/Os - second try:

using a full custom tool (userland +kernelland)

| Sensors | | Effectors|

C Managed Element

o

https://eztrace.gitlab.io/eztrace/
User-space |/O tracer

AN

= £ £
c @C C
oo oo oo
o o 2
a o o EZTra ce Unified Trace
o o o LE_F!‘ ELOAED_ OTF2 format
- -] -]
User space r'y ry
Kernel Space
Probes
L2 & & % R N N R N |
I0Tracer

. o —
Linux I/O Stack .. (eBPF)

‘----------

F

Kernel-space 1/0O tracer

Hardware !

Physical Devices

* M. . Naas, F. Trahay, A. Colin, P. Olivier, S. Rubini, F. Singhoff, J. Boukhobza, , EZIOTracer: Unifying Kernel and User Space I/O Tracing for Data-Intensive
Applications. ACM SIGOPS Oper. Syst. Rev. 55(1): 88-98 (2021)

https://github.com/medislam/IOTracer

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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/1 d Autonomic Element M

) Monitoring I/Os - second try:

using a full custom tool (userland +kernelland)

| Sensors | | Effectors|

C Managed Element

N /
https://eztrace.gitlab.io/eztrace/
User-space |/O tracer
\ Trace Merger
1H K —
Qo sT4] oo
<) o 9]
a s s EZTra ce Unified Trace
g ;; E LE—E‘ ELO&D_ OTF2 format
User space r'y ry
Kernel Space
Extended Berkeley Packet Filters (eBPF)
__Er_o_l?_ef___ «  Added to Linux since version 3.15.
I0Tracer - —=  Run as a sandboxed program.
Linux I/O Stack 4 mm—————— +  Objective: low overhead, high
B —— (EBPF) precision, and safety;
[ = —— -
Hardware Kernel-space 1/0O tracer

Physical Devices

* M. I. Naas, F. Trahay, A. Colin, P. Olivier, S. Rubini, F. Singhoff, J. Boukhobza, , EZIOTracer: Unifying Kernel and User Space I/O Tracing for Data-Intensive
Applications. ACM SIGOPS Oper. Syst. Rev. 55(1): 88-98 (2021)

https://github.com/medislam/IOTracer
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/1 [ [ d Autonomic Element M

) Monitoring 1/Os - second try:
using a full custom tool (userland +kernelland)
[ sensors | [ Effectors |

C Managed Element

N /
E = £ I
5 5 g I Eztrace
& & .. H
S o o | Pthread plugin
@ [-F] @
3 3 3 ! .
I OpenMP plugin
r 3
| LD_PRELOAD
User space | I ______
Kernel Space Activate/ Filtering

Deactivate (Pid/ inode)

w

4 lotracer _g_ a—’
% Virtual File System (VFS) EI Q
) = E
=

O8] 9 et

2 i B
— - a N
x< [SE]
g File System (FS) = —Sm——= Perf_submit

—

Hardware

Physmal Devices

* M. I. Naas, F. Trahay, A. Colin, P. Olivier, S. Rubini, F. Singhoff, J. Boukhobza, , EZIOTracer: Unifying Kernel and User Space I/O Tracing for Data-Intensive
Applications. ACM SIGOPS Oper. Syst. Rev. 55(1): 88-98 (2021)
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/1) Monitoring 1/Os - second try: ,
using a full custom tool (userland +kernelland)

Thread 1—| fopen |—| fopen H fread I fread fwrite fwrite |—
EZTrace

Thread 2 fread fread H fread fread

Thread 1 I vfs_read |—| vfs_read I Ivfs_write H vfs_write ’7
IOTracer

Thread 2 I vfs_read H vfs_read I I vfs_read H vfs_read I

Thread 1—| fopen H fopen H fread |—| vfs_read |—| vfs_read |—| fread I I fwrite H vfs_write H vfs_write H fwrite l—

EZIOTracer
Thread 2 I fread H vfs_read H vfs_read H fread H fread H vfs_read H vfs_read H fread I

—_—
time

* M. I. Naas, F. Trahay, A. Colin, P. Olivier, S. Rubini, F. Singhoff, J. Boukhobza, , EZIOTracer: Unifying Kernel and User Space I/O Tracing for Data-Intensive
Applications. ACM SIGOPS Oper. Syst. Rev. 55(1): 88-98 (2021)
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e

resentation outline

/ Analyzing 1/Os
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/ 4 Autonomic Element N

he « Analyze » step

Kegwledge|
Moni‘;or| | !Tecute

| Sensors | | Effectors|

C Managed Element )

NG S

/ Evaluate the storage cost for VMs
/ Execution/migration, energy/performance, wear out, 1/O patterns

, Lot
e |

—1 Cost 1 Cost

e_energy mig_energy

1 Cost —{Cost

e_wear_out mig_wear_out

* H. Ouarnoughi, J. Boukhobza, F. Singhoff, S. Rubini, “A Cost Model for Virtual Machine Storage in Cloud laaS”, in proceedings of the EUROMICRO
International conference on Parallel, Distributed, and Network based processing (EUROMICRO PDP), pp. 664-671, Heraklion, Feb. 2016.
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a

he « Analyze » step for laaS 1/Os '

/ Evaluate the storage cost for VMs
/ Execution/migration, energy/performance, wear out, 1/O patterns

=

seg,rnd read,wrt
ratey;
Costexe(VM, D) = { Z Z (Pi,j : (T[;’J-Top)) + (Piatr - Tiaur)
i j — COSte_energy T CC)Stmig_energy
_ . devpTr(D) :
+ (Pldu-Tldw.]] -Eur| + !(l rquTR[VM]) -Bill([VM, D)
stgup - stgcap
Z2EPURP TrIcap ) T . . . T )
[ MAX urt :| |:( rmdwrt - Tatero TeqSLze]‘l'[ seqwrt vaTR(VM)}] _— COSte_wear_out _COStmig_wear_out
(27)

* H. Ouarnoughi, J. Boukhobza, F. Singhoff, S. Rubini, “A Cost Model for Virtual Machine Storage in Cloud laaS”, in proceedings of the EUROMICRO
International conference on Parallel, Distributed, and Network based processing (EUROMICRO PDP), pp. 664-671, Heraklion, Feb. 2016.
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/I'he « Analyze » step for DBaaS 1/Os I

/ Evaluate the storage cost DBaaS objects
/ Storage / Penalty / Migration

—1  Cost | Cost

energy energy

— Cost — Cost

endurance endurance

* D. Boukhelef, J. Boukhobza, K. Boukhalfa, “A Cost Model for DBaaS Storage”, 27th International Conference on Database and Expert Systems Applications
(DEXA), pp. 223-240, Porto, Sep. 2016.

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA

5/12/2022 BRETAGNE



/I' he « Analyze » step for DBaaS 1/Os ,
in Cloud Federations

/ Evaluate the storage cost DBaaS objects in a Cloud federation
/ Execution/migration, energy/performance, wear out, 1/O patterns

}COStlnternal custo }COStexternal custo
} COStLocal ilacement } Cos‘toutsourcmi } Costbackhome } COStienali } COStInSOUI”CIni } Cos‘tSend back

B COStexternal_placement B COStLocal_placement
B COStGeomigration B COStReception
T CostGeorepIication T COStPenaIty

* Amina Chikhaoui, Kamel Boukhalfa, Jalil Boukhobza, A Cost Model for Hybrid Storage Systems in a Cloud Federations, Federated Conference on
Computer Science and Information Systems (FedCSIS), Poznan, 2018
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/ 4 Autonomic Element N

he « Analyze » step for DBaaS 1/0s e
in Cloud Federations N?

| Sensors | | Effectors|

C Managed Element

.

/ Relevance of the modeled costs

/ The importance of the local placement (blue)

and penalty costs (green) of the internal
customers.
/ Database size = external placement (blue),
geo-migration (green) and back- - - e

DE1

migration(yellow)costs.

mCosty, ®wCostyy,, Costyes,,,, ™ ("os!mam u Costyer,,

/ The storage device type and workload patterns @ o . o ©

—> local placement of internal and external a) Internal customers placement sub-costs

objects and penality costs.
/ The cost model can be used for: f‘ . ‘ ‘

/ pricing strategy,

/ placement strategies, .Cmftdm C@Sf‘_m'm " Costyur,., .(;-95f,‘:|ngr

(13) (14) (15)

/ Resource dimensionning
(b) External customers placement sub-costs

* Amina Chikhaoui, Kamel Boukhalfa, Jalil Boukhobza, A Cost Model for Hybrid Storage Systems in a Cloud Federations, Federated Conference on
Computer Science and Information Systems (FedCSIS), Poznan, 2018
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e

resentation outline

/ Planning for 1/Os
/ Executing 1/Os
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/T 4 Autonomic Element M

he « Plan » step for centralized DBaaS

Salli:
B Knowledige|

Monitor] Execute]
4 |

| Sensors. | | Eﬁ'ectorsl

C Managed Element

.

/ Example: DBaaS context

/ How to place database objects in a hybrid storage system to
minimize the overall cost and satisfying SLA.

Cloud Tenants

' <iOps,, s i0PS . P1>
sen Tenants SLA
Minimize(Costy 1) < (@)— Minimize overall cost
Vd, ( Z Soiw, ) < €4 (b)  Respecting available Cost Model
Ohue0q storage space
1 Z°i~Uk€Oa- €dop.oi, Respecting available Tenants Databases
J - = = = = =
Vd;, () (—— ) <1 «(€)— .
10PSop.d; storage bandwidth [ [ro] 1o Tracer |uo]
opeOP J N N COPS
Vug € U, i0pSofered.u, = i0PShard., <(d)— Comply with hard SLA  (CTBD Classe) / SsD Classe /]| OPimal Object
oo oo ool ssj/ssollssoll /| Placement
| V0iy, € 0y,3d;,plloiy,)=d; <«—(e)— Storeonce, no replication " """""" ="

Hybrid Storage System (HSS

* D. Boukhelef, K. Boukhalfa, J. Boukhobza, H. Ouarnoughi, L. Lemarchand, “COPS: Cost Based Object Placement Strategies on Hybrid Storage System for
DBaas$ Cloud”, The 17th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (IEEE/ACM CCGRID), May 2017.

* D. Boukhelef, J. Boukhobza, K. Boukhalfa, H. OQuarnoughi, L. Lemarchand, “Optimizing the cost of DBaaS object placement in hybrid storage systems”,
Future Generation Computer Systems, Elsevier, Volume 93, 2019, Pages 176-187 ,
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/ ’ _ N
T Autonomic Element

he « Plan » step for centralized DBaaS -2-

W an
B Knowledige|

Monitor] Execute]
L)

| Sensors. | | Eﬁ'ectorsl

C Managed Element

/ H-COPS: a heuristic cost-based object placement
strategy
1. Initialization
/ Place objects in the cheapest storage system
2. Feasibility
/ Storage constraint satisfaction

Cloud Tenants

Cost Model

/ Move objects from overfilled devices: 6(0i,uk) =
Soi,uk
dcostly(oi,uk)_ dcheap(oi,uk>
/ Hard SLA constraint satisfaction

Tenants Databases

[ |ro IO Tracer  [O]
/ Move objects from HDD to SSD to guarantee hard SLA: <~ L COPS
texec(oi,uk:dcostly)_ texec(oi,uk:dcheap)
}‘(Oi.uk) -

Optimal Object

dcostly(oi,uk)_ dcheap (Oi,uk) ol I!' Placement
Hybrid Storage System (HSS

3. Optimization
/ Tradeoffs between storage cost and penalties to
guarantee soft SLA:

w(uy) = CoStpn(u) — Costera(uy)

* D. Boukhelef, K. Boukhalfa, J. Boukhobza, H. Ouarnoughi, L. Lemarchand, “COPS: Cost Based Object Placement Strategies on Hybrid Storage System for
DBaas Cloud”, The 17th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (IEEE/ACM CCGRID), May 2017.

* D. Boukhelef, J. Boukhobza, K. Boukhalfa, H. Ouarnoughi, L. Lemarchand, “Optimizing the cost of DBaa$S object placement in hybrid storage systems”,
Future Generation Computer Systems, Elsevier, Volume 93, 2019, Pages 176-187 ,

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA

5/12/2022 BRETAGNE




/ 4 Autonomic Element )
The « Plan » step for Federated DBaaS
Monitor Knowledge xecute)
| Sensors | | Effectors|
C Managed Element
o /
. stt?re{x) Minimize 3 costs
min |migrate(x)
latecy(x)
_ Respecting internal available Data placement Optimizer
S.T. Z Z Sox < €5€; Vi<lJ storage space
Ui op LESC
Z Z S, < €S54 Vd> ] < Respecting external available Knowledge
UE O LESSd ‘ Storage space Monitor Execute
. : Sensors Actuators e
Z Lug Lo, ese; 100, , (P) <1 Vi<] < Respecting available : i
opeOP ioj(op) internal storage bandwidth| e -
. Data Manager Zsp
L Loviessa 10, (F) < Vd Respecting available :
Z io = 1, 2 j{— . 01,0 021 020 011 dh @ N
—OP d external storage bandwidth '
ofp scg(p=0) sc;(p=1 ?=3
ioOf fered; >= ioHardy Vup € U «———— Comply with hard SLA Z Py \

Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, Multi-objective Optimization of Data Placement in a Storage-as-a-Service

Federated Cloud. ACM Trans. Storage 17(3): 22:1-22:32 (2021)

Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, StorNIR, a Multi-Objective Replica Placement Strategy for Cloud Federations,

in Proceedings of the ACM SIGAP Symposium of Applied Computing (ACM SAC), 2021

ENSTA

BRETAGNE

Journées Cloud/Edge-
5/12/2022

jalil.boukhobza@ensta-bretagne.fr




% The « Plan » step for Federated DBaaS$ -2-

Sl i
“JKnowledge

Monitor! Execute
4 |

| Sensors | | Effectors|

C Managed Element
o /

/ Use metaheuristics: Non-dominated Sorting Genetic Algorithm (NSGA II)
/ Elitism
/ Polynomial complexity

/ lIssues for large problem instances (non feasible solutions)

/ Designed CDP-NSGAII: Constraint Data Placement matheuristic based on NSGAII with Injection and Repair functions
/ Matheuristic = exact solution (Linear programming)+ NSGAII

Repeat |
— 3
3o
& & n Cost Model '06
v \\/ \\/ Customers workloads | — £ normalize( f1), normalize( f2), normalize( f3) —— CPLEX
and locations Storage  Migration  Latency ° minters fi# B fut v 5) =3 ééé?c::?“x | Paretoset
Customers SLAs cost cost cost ;'E st { 2; e
L €3
Data objects and

the current placement

|| Virtualization CDP-NSGAllR Pareto I2)
E E Front ﬁ h | Injection |
5 g ¥ | Storage system = min | £
£ ' =Rl Il LU — 3 f 3 MOO meta-heuristic
ge © characteristics Resources Customers 2 5
Local storage S = constraints SLAs = 1 | Reparation I
system [ g s.t. < ::2
3

. Resolution Part |

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, Multi-objective Optimization of Data Placement in a Storage-as-a-Service
Federated Cloud. ACM Trans. Storage 17(3): 22:1-22:32 (2021)

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, StorNIR, a Multi-Objective Replica Placement Strategy for Cloud Federations,
in Proceedings of the ACM SIGAP Symposium of Applied Computing (ACM SAC), 2021
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/ 4 Autonomic Element )

he « Plan » step for Federated DBaaS -3-

Knowledge]

Monitor xecute)
C e . . | ¥
/ Multiobjective solution: [Sensors | [ Effectors |
/A set of non-dominated solutions \C Managed Element )
/ Quality metrics: exhaustivity, precision, diversity o [ . ;
& X Dominated
solutions

/ Hypervolume:
/ Popular metric for evaluating multiobjective algorithms performance

/ the objective space (volume) dominated by all the solutions bounded by a
reference point r

/ The greater the HV, the better the approximation

Non-dominated
CPLEX NSGAIH NSGAI-R solutions
NsGAI [l NSGAI-IR (Bl PSO

CSPs: 15 CSPs: 20 CSPs: 25 Reference Point\‘;‘

'y
0.6 E:.
5 g
0.4 i
2 g Hypervolume
202 ll l[ =
s
A
200
=
E’U 6
g =
£o4 g
l\ g
a
0.0 H —r
100 200 300 400 500 600 700 800 9001000 100 200 300 400 500 600 700 800 9001000 100 200 300 400 500 600 700 800 9001000 A sou'ltlon

Number of objects >

fix)

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, Multi-objective Optimization of Data Placement in a Storage-as-a-Service
Federated Cloud. ACM Trans. Storage 17(3): 22:1-22:32 (2021)

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, StorNIR, a Multi-Objective Replica Placement Strategy for Cloud Federations,
in Proceedings of the ACM SIGAP Symposium of Applied Computing (ACM SAC), 2021
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/ 4 Autonomic Element )

he « Plan » step for Federated DBaaS$ -4-
NGal
Monitor Knowledge xecute)
| Sensors | | Effectors|
C Managed Element
. . CPLEX NSGAII-I NSGAI \_ S/
/ Comparison to the exact method is not that ... exact lNSGA"l"SGA"-'“l"S°
) . .
(doesn’t converge = we limited the time) Workioad: Workioad: 2
/ NSGAII-IR better than the others (but same as 06
NSGAII-I ... is repairing the solutions useful ? 2 see 04 @
execution times = 40-86% less) o 11lhllhllhhl lll l[lIlI 2
/ Enhance injected solutions with little overhead 00
-+ NSGAIl - = NSGAI-FR — - PSO
15 CSPs: 15 CSPs: 20 CSPs: 25
10
; oo . = o= ”// g
IR e B P B et & - B TR S R _ - - °
-O ...... _-/’_— . Pttt - —.'.‘ /\v,// - - 5
2 R S Pt
© T = =
> £ -
E T e )
5= 10 I —- = 3
FE T e ~~— =
i 2 ~8&~ CDP-NSGAI-IR == CPLEX | | «-.., o /// /,-/ 3 e 4 ; E
-~ T =T - o s~ T [
5 ,,"., ------ ’/’/-- ....... //‘ ------- —
. Solving time (sec) =T e ot
21 250 500 750 1000 250 500 750 1000 250 500 750 1000
2000 4000 6000 Number of objects

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, Multi-objective Optimization of Data Placement in a Storage-as-a-Service
Federated Cloud. ACM Trans. Storage 17(3): 22:1-22:32 (2021)

* Amina Chikhaoui, Laurent Lemarchand, Kamel Boukhalfa, Jalil Boukhobza, StorNIR, a Multi-Objective Replica Placement Strategy for Cloud Federations,
in Proceedings of the ACM SIGAP Symposium of Applied Computing (ACM SAC), 2021
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What about Edge
and Fog ?

=
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A

ata placement in Fog infrastructures

..........................................................................................................................................................................................

‘ loT Service

i i
i (J Data - /e T FE
| I —— —— :
5 I o
i < I g
a | | c
5 Fognode '  FoaTode—
i | e mmpe __ _Re o
i m
XA s p
5 Y (A &
= A | - gps geks ! u
! =iy Fo nod‘e
M : Fog node Fog node LPOP t
@] § LPoF LPOP Fogode i
@ T L T T | — T T T - n
S0 e = e o
P Fog node | I Fog node | I Fog node | | Fog node | | g
A (GW I I (GW) I I (GW) I I (GW) o
I___I_}____I_:'___I_I____l_]l_
P | | L |
: | | |
v o P S A S R A
o TR I L (R B (O A T T L - B
. L_ _semsos | | Sensos | | Sensos | |  Sensors | | _ Sensors

* |slam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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A

ata placement in Fog infrastructures

..........................................................................................................................................................................................

@ 0T Service | ‘ | | ‘ |
1 1

g bata ~_ ____=F== T

—> Data flow —— % _____

Capacity ++
oS ++

@3_""‘C'DBOO(QO'I'I

* Islam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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Preliminaries: Generalized Assignment Problem (GAP)

= GAP is a NP-Hard problem

Objective: find the best assignment of n
tasks to m agents while minimizing
(maximizing) the overall cost Z:

=Y

1) Each task T; has a different size
Si;j (workload) depending to the
agent 4;

2) Each task T; has a different cost
V; j depending to the agent 4;

3) Each agent 4; has a capacity ;

N

Min z=6+3+2
=11
Tasks Agents

* Islam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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Approach: Data Placement Problem Modeling

3 data actors:
@® DataHost

«  DalaHost: storage equipment (with ® DataCons
limited capacities)

*  DataCons: 1oT services consumers

«  DataProd: 10T services producers

® DataProd

A network latency exists between
Fog nodes

Objective: find the best location (to
store data) which minimizes the L
overall service latency. |
This turns out to finding the matrix 4+ —— —
I
|
I
|

dhy - dhy i
di[%,1 ° Qin
A= I oo ] a;; € {1,0} e
dl a1 ot A

* |slam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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Approach: Data Placement Problem Modeling

Minimize overall_latency:

Overall_latency =

Z storage latency (ts)

+ Z retreiving latency(tr)

(1) Storage latency (ts) has a different value
according to the selected Fog node

(2) Retrieving latency (tr) has a different value
according to the selected Fog node

From (1) and (2): the data placement problem is a
GAP-like problem.

* |slam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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Approach: Data Placement Problem Modeling

Constraints:
1. The data amount assigned to a given dh; must not exceed its free storage capacity fdhj:

z, Sa; - ij < fan;»Vfan; € FC
i€[1.1]

2. Each data item should be stored in one location:

Z_ Cli'j=1,Vl'€[1..l]
jE[1.n]

Minimize Z = Z Z a; j (ai,j)

i€[1.1] jE[L.n

Objective:

Solved with CPLEX MILP

* Islam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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/iFogStorZ - for Zoned Data placement in Fog l h
infrastructures

[FogStorZ: an approximation heuristic to reduce the problem solving time based on divide and
conquer > per RPOP, per city, ...

Geographical partitions

w5

Fog node

e Islam Naas, Philippe Raipin, Jalil Boukhobza, Laurent Lemarchand, “iFogStor: an loT Data Placement Strategy for Fog Infrastructure”, the IEEE International
Conference on Fog and Edge Computing (IEEE ICFEC), pp. 97-104, Madrid, May 2017.
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/

iIFogStorG - for Graph-based Data placement in Fog
infrastructures

IFogStorG: a heuristic for data placement strategies for service latency minimization

Subdivides the Fog infrastructure based on graph partition methods

Subdivision process ensures:
— Balanced parts: to have equivalent sub-problems (data amount & Fog nodes)
— Disconnected parts: to avoid having nodes exchanging data across separate parts

IFogStorG steps:

W ]
. . +— Physicalik = Infrastructure Modelin,
1. Infrastructure modeling as a undirected graph §oan ) T % )
@ Deahost I_"aal I_ cj‘
2. Graph weighting for both vertex (nb of producers) ; f‘m;_a rﬁj\“
I [l ] 4 I
and Edge (nb of dataflows / shortest paths) Y )
aa' £
3. Graph partitioning (K-way partition with Metis[1]) = R o EU‘”
balance vertex weight + minimize cut edge weight Ly Opens e e &
1 H ’ -,.—"'!J f‘ \" P —] : \'3- .
/.. Data placement solving = use iFogStor for e A W
N o.%
each partition L Nl N
Strategy 1 " | “J"‘_;_‘ -
[1] http://glaros.dtc.umn.edu/gkhome/metis/metis/overview T ‘!

* |slam Naas, Laurent Lemarchand, Jalil Boukhobza, Philippe Raipin, “A Graph Partitioning-based Heuristic for Runtime loT Data Placement Strategies in a Fog
infrastructure”, in The 33rd ACM/SIGAPP Symposium On Applied Computing (ACM SAC), Pau, Apr. 2018
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/iFogStorP — for P-Median based Data preplication in Fog
infrastructures

/ iAssumption: If we replicate data on different parititions, we might reduce the overall
atency

/ Yes, but you need to deal with data consistency ... "'

Exact solution: enumerate all replica placement possibilities.

workload

|

Infrastructure

EpEiagy Simulation of all possible Number of
replicas number and > replicas by datum

+ their locations

Consistency

level for each ST
datum

Complexity: the number of possible assignments= d x (C,’fm"” + -+ C,fm“")
/ d: number of data elements
/ n: number of Fog nodes

assignments

/' Ppin: Min number of replicas Combinatorial
/ Ppax: max number of replicas Explosion
/ CP: a combination of P from n, CF = —=

P!(n—p)!

/ E.g.forn = 20,Ppin = 3,Pnax = 5, d = 20 =>» 322,335 possible assignments ,
*  Mohammed Islam Naas, Laurent Lemarchand, Philippe Raipin, Jalil Boukhobza. IoT Data Replication and Consistency Management in Fog computing. Journal of
Grid Computing, Springer Verlag, 2021, 19 (3), pp.33

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr

5/12/2022 BRETAGNE




/

iFogStorP - Data placement in Fog infrastructures

/ ldea: Reduce the number of possible assignements
/ Store data only in shortest paths (between producers and consumers)
/ From the shortest path nodes: choose only P-Median

: vertex for which the sum of the shortest paths costs to all other vertices is the smallest

/ P-Median: generalization of the Median problem

/ Find a subset of P medians that minimizes the sum of the shortest path costs existing between medians
and all others vertices.

Median

Source | Destination | Path Cost
For All Data : 1 2 12 3
2 2 2-2 0
Get All shortest paths nodes E 2 2
For PE[P_(min ), P_max ], number of replicas: 5 2 52 [ 1

Find P-median to place P replicas (using CPLEX)
Estimate the latency overhead of this assignment (a micro simulation is done using iFogSim)
Choose P with the minimum latency overhead.

*  Mohammed Islam Naas, Laurent Lemarchand, Philippe Raipin, Jalil Boukhobza. lIoT Data Replication and Consistency Management in Fog computing. Journal of
Grid Computing, Springer Verlag, 2021, 19 (3), pp.33
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/

FogStorP - Data placement in Fog infrastructures

/ Compared with no replica and other solutions: / Solving time
exact and iFogStorS (no P-Median, only shortest
paths)
_ 35%
7 30%
LIE;:’ZS%
= 20%
215%
210% : ; : ;
5 s @ Formulation Time @ Solving Time B Shortest Path Time
2 o9 . . . . .
> s 5 0 ald 0 als @ al¥ 0 u 1g+g  BP median Time @ Simulation Time m ComputationTime (ms)
s & % 9 g8 6 o8 8 9|8& 5 9
T (g v @ glwypglug ey g
¢ s T 2 2 £ & 1E+6
Critical O Critical 10 Critical 20 Critical 30

(a) Latency-reduction-10.

20% |]I I ”
1E+0

15%
10% L . .
5% 10 50 1000
0%
iFogStorP
Critical 30
{c) Latencv-reduction-1000-Zoned.

3-Replicas  iFogStorP | iFogStorP | iFogStorP
Critical 0 Critical 10 | Critical 20

*  Mohammed Islam Naas, Laurent Lemarchand, Philippe Raipin, Jalil Boukhobza. IoT Data Replication and Consistency Management in Fog computing. Journal of

Grid Computing, Springer Verlag, 2021, 19 (3), pp.33 :

Time (ms)
N -—
m m
+ +
N s
——
—

iFogStor
3-Replicas
Exact
iFogStarsS
iFogStorP
iFogStor
3-Replicas
iFogStorsS
iFogStorP
iFogStor
3-Replicas
iFogStorP

Latency reduction vs iFogStor
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/ What if we mix workloads ?
loT Data as in iFogStor and streaming data (that is most of
the data on the internet ...)

ﬁ% loT Service

ﬁ% Multimedia streaming service
D loT Data
g Streaming Data

= ) loT data flow

- Streaming data flow

i
- P Fog
Fog node LPOP

LFPOFP /

Penalty ++
Latency ++

L N B o - sl
————— == I i r——F " g rag VT T i
Rl | == L o ey - L |

= || I Fog nod | Fod node | | Pog node | I Fog node | | Fi | F |
| (GW il I (EW) | == (GW) | | (GW) [ ff | |
e e s e e TR e S

| | | |

o owfJ I O T T T
| '1';'] | I 3;'] E.i-:] | | E"I'] ['-i'] | | 1';'.' lj‘-i-u | | ["i'] ['-i'] Lo '!';ﬂ' ﬁ-iﬂl |
| Sensors | | Semsos | |  Semsos | |  Sensors | |  Sensos | | _ Sensors |

* Lydia Ait-Oucheggou, Mohammed Islam Naas, Yassine Hadjadj-Aoul, Jalil Boukhobza. When loT Data Meet Streaming in the Fog. |IEEE 6th International
Conference on Fog and Edge Computing (IEEE ICFEC), May 2022, Messina, Italy. pp.50-57,
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/ What if we mix workloads ?
loT Data as in iFogStor and streaming data (that is most of
the data ...) 2 uFogStor (Unified stoarge ...)

Producer

Host

Consumer

Archiving module

=P |oT data flow

=P Streaming data
flow

e Lydia Ait-Oucheggou, Mohammed Islam Naas, Yassine Hadjadj-Aoul, Jalil Boukhobza. When loT Data Meet Streaming in the Fog. IEEE 6th International
Conference on Fog and Edge Computing (IEEE ICFEC), May 2022, Messina, Italy. pp.50-57,
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resentation outline

/ Ephemeral resource management in the Cloud
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How to make pro

from Cloud unused
resources ?
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/Context and motivation

75-65 % of the CPU and 50-60% of RAM cloud resources are underutilized [1]

Capacity (Total Resources)

Reserved but unallocated

CPU cores

Memory

Opportunity: Optimize the cost of deploying applications by
reclaiming Cloud unused resources

[1] Marcus Carvalho et al., “Long-term SLOs for reclaimed cloud computing resources”, in: ACM Symposium on Cloud Computing (SoCC), Seattle, WA, USA, 2014

Jean-Emile Dartois, Leveraging Cloud unused heterogeneous resources for applications with SLA guarantees, PhD thesis defended on Sept. 2020,
https://theses.hal.science/tel-03009816
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/¢

ontext and motivation

100.0 . H . T
1
i
80.0
Datasets
2 o Name History Servers
.
E‘ 1 ADMINISTRATION 35 months
(]
g 40.0 1 ADMINISTRATION_1 13 months 70
o .
o BCOM 9 months 9
oo B HE ECOLE 22 months 10
ENTREPRISE 17 months 27
0.0 J; Elj J; I;'; N
Pty wﬁo\o «* < w@\* /51 metrics (e.g., CPU, RAM,
o o I/0, Network)
s/ Frequency : Every minute
100.0 100.0
| s /2017
g 80.0 i 33 _ .
0 Y 60,0 ) : i T '
o 0 + | ® , -
3 40.0 . : 5 40.0 ' I i é
E i E T : E ! :
Q 200 + 1 e 200 F | : . . : '
LT = N Lo
00 : i 0|
{19'0} x‘Lp‘o} o—“p} s}ppp ogpﬁ {L°°6 fl--“pn x1-°'°'$ c&”‘og 2 > N P 2 » o o »° * 2° o 2° 4 »° o »° o
Hosts Hosts

* Jean-Emile Dartois, Leveraging Cloud unused heterogeneous resources for applications with SLA guarantees, PhD thesis defended on Sept. 2020,
https://theses.hal.science/tel-03009816
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7

ur approach for such a problem

1. Evaluate the overall resource capacity
2. Evaluate resource utilization
3. Schedule jobs on top of ephemeral resources

Evaluate Evaluate Schedule
capacity usage tasks

Journées Cloud/Edge-

jalil.boukhobza@ensta-bretagne.fr
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/ Capacity
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/

) Evaluate the overall resource capacity

Evaluate
capacity

30000075~ B [seqWrite]+seqRead+randRead HEEM [seqWrite]+randRead+randWrite
—— Samsung 850 Evo 256GB (SATA) P98 [seqWrite]+seqRead+randWrite BB [seqWrite]+seqWrite+seqWrite
250000 | —— Intel 750 1TB (NVME) —500
o)
200000 | —e— Samsung 960 Evo 500GB (NVMe) < 400
—e— Samsung 960 Pro 1TB (NVMe) s
£150000 ! 2300
9 é : » Burst g)
: : — Transition 9
100000 | i i £ 200
50000 Steady State % 100
Pl =
ol | i ¢ Evo 850 Intel 750 960 Pro 960 Evo

0 200 400 600 800 1000 (SATA) - (NVMe) . (NVMe) — (NVMe)
Total Gigabytes Written (TGW)

Interference due to SSD internal mechanisms (e.g. GC,wear leveling)
Interference due to kernel I/0 software stack (e.g. page cache read-ahead and I/O scheduling)

Interference due to co-hosted applications workloads

Can we model the throughput of an SSD knowing the executed applications ?

* Jean-Emile Dartois, Jalil Boukhobza, Anas Knefati, Olivier Barais, Investigating Machine Learning Algorithms for Modeling SSD 1/0 Performance for Container-
based Virtualization, IEEE Transactions on Cloud Computing, vol. 9, issue 3., 1103-1116, 2021.
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/1) ML based method to model SSD capacity according to

ran workloads
capacity

Data Generation step Learning step Evaluation step
(1) Running Data-Intensive Tdrggglegt
applications :and Benchmarks Apply Chosen
' - —— | learning Models
Algorithms
o errrszee: | Time Series {Xtra|n_|,ytra|n_|} :
Docker (2) Collecting Database Testing
Containers 1/0 : dataset '
i | performance metrics ‘—’ : Data pre- T E
: ;  |processing D > lirained Models
Raw i
Data | Y)Y T E v
(BLK1/O requests | festl, “est | i Prediction Error (NRMSE)
for each container ) : :
e RQ1) What is the accuracy and the robustness of the Name Category Description
H web Server application N-tiers web application
teSted al g 0 rlth m S’) email Server application Email server
fileserver Server application File server
. video Multimedia processing | H.264 video transcoding
e RQ2) How does the accuracy change with regards to the |  femine Data mining Frequent itemset mining
compile Software development | Linux kernel compilation
micro-benchmark Synthetic Benchmark 1/0 workload generator

size of the training dataset (learning curve)?

Key: A= good, o=fair, and ¥=poor.

e RQ3) What are the most important features in building the T DT WIARS | AdaBoast [ CEOT T RE
m O d e | ) Rob}lst.ness to outliers A v o A A
H .11’1 mput.sp.ace
Handling of missing values | a A A A A
complexity A A v v v
. . . Prediction accuracy v o A A A
° RQ4) What IS the tral ni ng tl me Overhead'? T. H. R. T. J. Friedman. The Elements of Statistical Learning. Springer Series in Statistics, 2013

Jean-Emile Dartois, Jalil Boukhobza, Anas Knefati, Olivier Barais, Investigating Machine Learning Algorithms for Modeling SSD 1/0 Performance for Container-

ENSTA

based Virtualization, IEEE Transactions on Cloud Computing, vol. 9, issue 3., 1103-1116, 2021.
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1) Some results

Evaluate
capacity

(a)§9msung Evo 850 (SATA)

4.0 —

> 38 I — T RQ1 Prediction accuracy and models robustness:

Y 2.5

% 201 L g E__j E_j E__j * The ranking of the tested algorithms was the
DT MARS  AdaBoost  GBDT RF same regardless of the SSD used

E__E = - = GDBT, AdaBoost and RF gave the best accuracy

- - with an NRMSE of about 2.5%
DT MARS AdaBoost GBDT RF

(b) Intel 750 (NVMe)

NRMSE [%]

= NN

oo uw
]
il

lUl
[ ]

5 (c) Samsung 960 Pro (NVMe)

B"‘o'“ —_1 —

Ei 1 gl * Adaboost, GDBT and RF provided the smallest

= 2] E—— C_; E—— [ [E— dispersion proving their robustness to a

Z — 1 = .

DT MARS  AdaBoost  GBDT RF changing /O

—30 (d) §9msung 960 Evo (NVMe)
?2-5 = — T == T *  We used fixed hyperparameters to tune RF and
= ig e —— ] Lo e — DT, this makes them simpler to use

= 1 ——
DT MARS AdaBoost GBDT RF

* Jean-Emile Dartois, Jalil Boukhobza, Anas Knefati, Olivier Barais, Investigating Machine Learning Algorithms for Modeling SSD 1/0 Performance for Container-
based Virtualization, IEEE Transactions on Cloud Computing, vol. 9, issue 3., 1103-1116, 2021.
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Evaluate
usage

/ Usage
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Z

) Evaluate resource utilization

Evaluate
usage

Capacity boundary

Resources

Usage history

Unused Resources

* Jean-Emile Dartois, Anas Knefati, Jalil Boukhobza, Olivier Barais, Using Quantile Regression for Reclaiming UnusedCloud Resources while achieving SLA, in
proceedings of the 10th IEEE International Conference on Cloud Computing Technology and Science (IEEE CloudCom), pp. 89-98, Nicosia, December 2018
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) Evaluate resource utilization

I  SLA violations

I (underestimation)

Resources

Usage history

Evaluate
usage

Real usage + !
Reclaimed resources

Unused Resources

* Jean-Emile Dartois, Anas Knefati, Jalil Boukhobza, Olivier Barais, Using Quantile Regression for Reclaiming UnusedCloud Resources while achieving SLA, in
proceedings of the 10th IEEE International Conference on Cloud Computing Technology and Science (IEEE CloudCom), pp. 89-98, Nicosia, December 2018
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4

) Using quantile regression for resource usage prediction
usage

. —— Conditional Mean - Testing set : % —— 0.05th 0.5th —+— 0.95th
45.0 —— 0.25th —<— 0.75th + Testing set

o Q0 Q0 Q o o0 o0 o o0 QO o0 R o0
WO o Q¥ o N RN KO8T o o S oM P Q%

Prediction Window [Hours] Prediction Window [Hours]

/ Evaluated: GBDT, RF, LSTM

/ Some important criteria:
/ Granularity: level at which the estimation is performed
/ Flexibility: trade-off between the amount of resources to reclaim and the risk of SLA violations
/ Exhaustivity: several resource metrics to achieve SLA requirements
/ Robustness: robust to workload change
/ Applicability: low overhead

Jean-Emile Dartois, Anas Knefati, Jalil Boukhobza, Olivier Barais, Using Quantile Regression for Reclaiming UnusedCloud Resources while achieving SLA, in
proceedings of the 10th IEEE International Conference on Cloud Computing Technology and Science (IEEE CloudCom), pp. 89-98, Nicosia, December 2018
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) Some results
usage

GR_Q1 Flexibility: potential cost savings

—de— RF
—she— GBDT
3400 —fe— LSTM

350

F

Potential Cost Savings [$]

—
2800 T —de—
0.5 0.6 0.7 0.8 0.9 1.0
Quantile Level T

e All learning algorithms:
— Increase potential cost savings with the increase of 1

— Increase up to 20% cost savings compared to median-estimation based approach
(1=0.5)
e WhenTt>0.9 the reduction of unused resources is higher than the decrease of SLA violations

* Jean-Emile Dartois, Anas Knefati, Jalil Boukhobza, Olivier Barais, Using Quantile Regression for Reclaiming UnusedCloud Resources while achieving SLA, in
proceedings of the 10th IEEE International Conference on Cloud Computing Technology and Science (IEEE CloudCom), pp. 89-98, Nicosia, December 2018
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Schedule
tasks

/ Ephemeral resource management in the Cloud

/ Scheduling
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/3) Schedule jobs on top of ephemeral resources

a) Cuckoo: running BigData jobs on ephemeral Cloud resources

Schedule
tasks

...be quick
before mum
comes back !

swore he was
my offspring

Use of free resources Avoid interference / SLA
violation

Customers SLA
satisfaction

* Jean-Emile Dartois, Heverson Ribeiro, Jalil Boukhobza, Olivier Barais, Cuckoo: a Mechanism for Exploiting Ephemeral and Heterogeneous Cloud Resources,
accepted in the IEEE International Conference on Cloud Computing (IEEE CLOUD), Milano, 2019

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr 1 E N STA
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/3) Schedule jobs on top of ephemeral resources
a) Cuckoo: running BigData jobs on ephemeral Cloud resources

Schedule
tasks
(I

/ A framework to leverage unused o~
resources to run MapReduce jobs

/ Forcasting builder = predicts host
resource utilization

ﬁ{?}Customers
(1) submit job ( )

‘ ClientNode | |(4) getresponse | | JobTracker
—
) (5) P—

/ Data placement planner = L fe q
/ distribute data chunks based on the / o
forecasting builder / uses a weighted round Eeeoichiniiats L o 2y
robin algorithm (based on processing ..._..E.Rhsmﬁr;!l.(.).sﬂ.L'?ﬁ.s.ewes*. .......... E Phemertllosn |Reserved /
ca paCitv + VOIatiIitV) TaskTracker ‘ TaskTracker
/ For tasks: uses the default Hadoop I
scheduler X
/ Qos controller: suarantees thereisng N \._.(W

interference with regular workload =

continuous monitoring

/ Uses a (static) safety margin on unused
resources

* Jean-Emile Dartois, Heverson Ribeiro, Jalil Boukhobza, Olivier Barais, Cuckoo: a Mechanism for Exploiting Ephemeral and Heterogeneous Cloud Resources,
accepted in the IEEE International Conference on Cloud Computing (IEEE CLOUD), Milano, 2019
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/3) Schedule jobs on top of ephemeral resources

a) Cuckoo: running BigData jobs on ephemeral Cloud resources — some
tasks

—&— Hadoop
—8— Cuckoo

—&— Hadoop

E —8— Cuckoo

—&— Hadoop
—e— Cuckoo

o]
o
o

Job Execution TimeLMinutesl
=}

@
o
o

B @
o =]
S S

s
=}
=}

Job Execution Time [Minutes]
Job Execution Time [Minutes]

100 L e T ge o 100 100, —+ g
BU%%&I%I BRI ao%:g%@agzg = EIEII%@@
Sa?ety Margm [/B] 2 30 Safety Margln [/B] = 30 0 5 Sa?ety Margm [J’i}? 23
(a) Private Company 1 (b) Private Company 2 (c) University

Figure 2. Job Execution Time for standard Hadoop and Cuckoo

e Smaller dispersion and best completion time (5% safety margin)

® Cuckoo is 7 times faster than native Hadoop strategy for PC-1 and PC-2 and 5 times
faster for the University with a safety margin of 5%
® See the paper for more results (on remote execution + relaunched tasks)

* Jean-Emile Dartois, Heverson Ribeiro, Jalil Boukhobza, Olivier Barais, Cuckoo: a Mechanism for Exploiting Ephemeral and Heterogeneous Cloud Resources,
accepted in the IEEE International Conference on Cloud Computing (IEEE CLOUD), Milano, 2019
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/4

) Schedule jobs on top of ephemeral resources

b) Salamander: a Holistic Scheduling of MapReduce
Jobs on Ephemeral Cloud Resources

/ Forecasting builder

/ Holistic scheduler

/ Three solving strategies to schedule
MapReduce jobs and tasks

/ {1; Constraint Prog., (2) Genetic and
3) Local Search-based algorithms

/ Data placement: data follow tasks for
placement
/ QoS controller:

/ Compressible resources - CPU:
throttle

/ Incompressible ones > RAM:
relaunch

Schedule
tasks

[: New contribution C] Improved Cuckoo contribution C] Cuckoo's contribution

—(6) get block
allocation

Customers

@perator

NameNode

I

(2) send jobs lis

Q (1) submit jobs
ClientNode | (5) get response

Data Placement |
(4] Hile cUuuic

stic
- Scheduler

(3) get forecast

JobTracker (4) send schedu
—
1
(8) assign tasks
/ (7) send data blocks Farmer \
Host 1 Host n

Reserved | ... .......Ephemeral , Reserved | +----..ppEPhemeral
'| DataNode | : | TaskTracker | DataNode | TaskTracker
QoS ; ' 5 QoS il | Forecasting
Controller +|___ Builder ; i |_Controller ) | ff: |__Builder :
K S /
(9) keep safety margin

*  Mohamed Handaoui, Jean-Emile Dartois, Laurent Lemarchand, Jalil Boukhobza, Salamander: a Holistic Scheduling of MapReduce Jobs on Ephemeral Cloud
Resources, In Proceedings of the 20th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (IEEE/ACM CCGRID), May 2020
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/3) Schedule jobs on top of ephemeral resources ' 7\

b) Salamander: a Holistic Scheduling of MapReduce 5chedu|e
Jobs on Ephemeral Cloud Resources tasks

Input variables: uppercase letters, Qutput variables: lowercase letters.
Type Notation Domain | Description

Input N - List of available nodes’ IDs
J - List of MapReduce jobs with
tasks™ IDs
L. . R - List of resource metrics (e.g.,
/ Optimization problem CPU. RAM)
T N Size of the scheduling window
/ Amount of unused resources: (e.g.. 24-hours with 3 minutes

sam

/ Alk, m, t) = Clk, m) *(1 - (U(k, m, t) + S(m))) ling = 489 points)

/ Objective functions: —

metric m in a node k at time £
Nbr of scheduled tasks Safety margin percentage for re-

source metric m

ma:m'mize(z pli))
icJ

minirr&.ize{ul&x{ts{i} + Teli,n(i)))
i

Sum of tasks makespan

Bound of execution time
vieJ:0<ts(i)+Tel@n(@)<T  3iop has to be eithen fully

vi.j€J| D) =1 scheduled or rejectec
(n(i) z0vn(j)=20) = (n(i) 20An(j) =0)

A (ts(f) = ts(i) + Teli,n(i)))
Vt<T,Vke NYmeR :

it varies depending on the compu-
tational capacities of the assigned
node n( )

/ Constraints

resource metric m
Prcscm.e of a dependency between

z Rg(i,m) | < A(k,m,t)
{ilGe Ty A(n(i)=k)A A task is scheduled if all

(0<t—ts(i)<Te(i.n(i))} . .
required resources are available

Presence of task 7 in the schedule,
inferred from the start time ¢s(z)
or the task’s node n(i)

*  Mohamed Handaoui, Jean-Emile Dartois, Laurent Lemarchand, Jalil Boukhobza, Salamander: a Holistic Scheduling of MapReduce Jobs on Ephemeral Cloud
Resources, In Proceedings of the 20th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (IEEE/ACM CCGRID), May 2020
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/3) Schedule jobs on top of ephemeral resources ’
b) Salamander: a Holistic Scheduling of MapReduce
Jobs on Ephemeral Cloud Resources
tasks

/ Comparable performance between

different solving algorithms r———— -
/ Always better than Cuckoo + more realistic £,/ + S £uso /—'ﬁ
. . . E g 112:5 _:— glcakr::nder-CP
as it places tasks (considering o o T s,
dependencies) and not only data // e *=a=\.,4—/
/ Solving times COW B e W B v e E e W
/ GA and LS showed to be equivalent (a) PC-1 - 128 MB (b) PC-2 - 128 MB

/ CP scales poorly but is (a bit) better in terms
of makespan

|
|~ cp 2

—¥— GA /
T —+ LS /./

—#— Cuckoo
~®- Salamander-CP
160.01 —¥— Salamander-GA
—+— Salamander-LS

162.5

—#— Cuckoo
~@- Salamander-CP
~¥- Salamander-GA F 155.0
—+- Salamander-LS

9 157.5
E

w
w
o

S 1525

o
o

150.0

E
.__.,.__C——O—/ "

°

2

wu
o

2

b=
o

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Safety margin (%) Safety margin (%)
> J (d) PC-1 - 256 MB () PC-2 - 256 MB
00

Solving time (seconds)
[ [ N N w
o
o

—
— "

500 1000 1500 2000 2500
Problem size (number of tasks)

w
o

o

Mohamed Handaoui, Jean-Emile Dartois, Laurent Lemarchand, Jalil Boukhobza, Salamander: a Holistic Scheduling of MapReduce Jobs on Ephemeral Cloud
Resources, In Proceedings of the 20th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (IEEE/ACM CCGRID), May 2020
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/3) Schedule jobs on top of ephemeral resources
c) Releaser: A Reinforcement Learning Strategy for Optimizing
Utilization Of Ephemeral Cloud Resources e
’

/ Motivation: variability in the precision of = R =
resource estimation. M= 1] &, | = e
. ED S| S Hasts rI,-“ | E’n J| ] Hoss
/ ldea of Releaser: adapt the safety margin 3 | =™ 71 . |
: g 77| &
accordingly Zo1 // S
/ If resource estimation is sure = lower the RIS W SRR TR N R R
Safety margin {a) University: CPU errors (b) University: RAM errors
/ If it is likely to be imprecise = increase the . “[= e o T v
. £ 0,59 1 Host-2 2 0,54 1 Host=2
safety margin T (= A- S 0.4 = Hou
. 2 03] 5 Home 2 03) 03 tome
/ Technique used: Use of RL to solve the Foaf = 1o /;fr 2] o
problem using Deep Deterministic Policy Zoaf || L___ﬁ/g E‘:'|
Gradient (DDPG) to maximize: " S o o to o ¢ U0 ko —do %o
csavings(h, d) = cpotential saving(h, d) — cpenalty(h, d) (c) PC-1: CPU errors (d) PC-1: RAM errors

*  Mohamed Handaoui, Jean-Emile Dartois, Jalil Boukhobza, Olivier Barais, Laurent d'Orazio. ReLeaSER: A Reinforcement Learning Strategy for Optimizing
Utilization Of Ephemeral Cloud Resources. in Proceedings of the 2th IEEE International Conference on Cloud Computing Technology and Science (IEEE
CloudCom), Dec 2020, Bangkok, Thailand
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/3) Schedule jobs on top of ephemeral resources

c) Releaser: A Reinforcement Learning Strategy for Optimizing
Utilization Of Ephemeral Cloud Resources
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/ Adpting safety margin helps using more
efficiently the available resources >
generating more profit
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/ Adapting the safety margin seems to be

all

:

relevant as the predictions accuracy depend of N ’ = ;
the host § *
(a) CPU safety margins (b) RAM safety margins

Mohamed Handaoui, Jean-Emile Dartois, Jalil Boukhobza, Olivier Barais, Laurent d'Orazio. ReLeaSER: A Reinforcement Learning Strategy for Optimizing

Utilization Of Ephemeral Cloud Resources. in Proceedings of the 2th IEEE International Conference on Cloud Computing Technology and Science (IEEE

CloudCom), Dec 2020, Bangkok, Thailand
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/3) Schedule jobs on top of ephemeral resources
d) Riscless: A Relnforcement Learning Strategy to guarantee SLA on
CLoud Ephemeral and Stable ReSources T
cloud Eptemersand stable s

/ Avoiding the risk of safety margin bad

dimensionning 2 No safety margin
_(1) get customers reques!
/ Riscless idea: use a minimal set of stable s) allocated resources
resources to absorb ephemeral resource
volatility at a minimal cost while guaranteeing O e P

Operator

RLAllocator (3) get volatili Volatility
- Calculator

SLA resources
(4) get available (2) get utilization
/ Modules resources predictions
/ Forecating builder: prediction of 24h of /Farmer
resource utilization Stable Pool _ Ephemeral Pool
Host i Host m Hos“
/ QoS controller: SLA guarantee for regular : § s ;
: ! ! : i | Forecasting | !
customers ; 5 ; ; . | Builder | i

Volatility calculator: synthesizing information
of the Forecating builder - volatility rate

controller

/ RLAllocator: decision maker = when and how | S :
much resources (ephemeral + stable) to e S

allocate L .
Contribution of this paper

| control host's load |

Reward function - Maximize ephemeral resource usage / reduce the use of stable resources / reduce SLA violations

* Sidahmed Yalles, Mohamed Handaoui, Jean-Emile Dartois, Olivier Barais, Laurent d'Orazio, Jalil Boukhboza, RISCLESS: A Reinforcement Learning Strategy to
Guarantee SLA on Cloud Ephemeral and Stable Resources. 2022 - 30th Euromicro International Conference on Parallel, Distributed and Network-Based
Processing (Euromicro PDP), Mar 2022, Valladolid, Spain. pp.83-87
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) Schedule jobs on top of ephemeral resources

d) Riscless: A Relnforcement Learning Strategy to guarantee SLA on

Schedule
tasks

CLoud Ephemeral and Stable ReSources
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/ SLA violation and amount of
reclaimed resources
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/ Using stable resources may S

decrease SLA violations
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* Sidahmed Yalles, Mohamed Handaoui, Jean-Emile Dartois, Olivier Barais, Laurent d'Orazio, Jalil Boukhboza, RISCLESS: A Reinforcement Learning Strategy to
Guarantee SLA on Cloud Ephemeral and Stable Resources. 2022 - 30th Euromicro International Conference on Parallel, Distributed and Network-Based
Processing (Euromicro PDP), Mar 2022, Valladolid, Spain. pp.83-87
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/3) Schedule jobs on top of ephemeral resources ’

Next step = scheduling on top of heterogeneous resources

Resources Allocation in Heterogeneous Serverless Cloud

An Application to Deepfake Detection

Vincent Lannurien,*T Laurent D'Orazio,** Olivier Barais*!

Esther Bernard,” Olivier Weppe,” Laurent Beaulieu,” Amine Kacete®
Stéphane Paquelet,* Jalil Boukhobza*t

December 4, 2022

This morning talk !!

* b<>com Institute of Research and Technology
T ENSTA Bretagne, Lab-STICC, CNRS, UMR 6285
 Univ. Rennes, Inria, CNRS, IRISA
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resentation outline

/ Usage
/ Scheduling

/ Some conclusions
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onclusions

/

/Long conclusion
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/¢

onclusion: more to come on NVM ...

/ Non-Volatile-Memory, emerged during the last 2 decades

/ Definition: Solid state memory (no moving parts) that do
not need to have their memory contents periodically

FEfres h ed (source : http://searchstorage.techtarget.com/definition/nonvolatile-memory)

/ Flash memory, Phase Change memory (PRAM or PCM),
Resistive Memory (ReRAM), Magneto-resistive Memory
(STT-RAM), Ferroelectric memories (FeERAM) ...

/Why ?, mainly because of ...
/ DRAM scaling
/ Energy consumption
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A

RAM scaling issue

/ Stores the charge in a capacitor
/ Size of capacitor matters - large for a reliable sensing
/ Size of transistor matters = large to reduce leakage and increase retention
time
/ Scaling is difficult (ITRS)

Core count doubling ~ every 2 years
DRAM DIMM capacity doubling ~ every 3 years

1000 Address line
—- #Core |
= DRAM
100 I I |

> Transistor
‘O
S
310 Storage
g capacitor
= —_—
o©
) o
m ] 1 % T T T

N N N N N N N N N N N N N N N

g2 8 8 8 8 8 8 28 2 2 2 ¢ 2 < < .

o E O o N ® ¥ o = N w o~ 0 oo N h‘ﬂ Illlﬂ Croumnd

Source: Onur Mutlu -
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harge vs Resistive memory

/ Charge memory
/ Write operation: capture charge Q
/ Read operation: detect the voltage V
/ Example: DRAM, flash memory

/ Resistive memory
/ Write operation: pulse current dQ/dt
/ Read operation: detect the resistance R
/ Example: PCM, STT-RAM, ReRAM
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/ N

VM: why is it so attractive ?

* Jalil Boukhobza, Stéphane Rubini, Renhai Chen, Zili Shao, Emerging NVM: A Survey on Architectural Integration and Research
Challenges, ACM Transactions on Design Automation of Electronic Systems (TODAES), 23(2), 14:1-14:32 (2018).

_____ISRAM___|DRAM __[HDD | NAND flash

Cell size (F?) 120-200 6-10 N/A 4-6

CTT DANRNA

6-50

D~ADARA

4-10

DrAA

4-12

Write 1016 >101° >10%° (pb: 10%-10° 1012-10%° 108-1011 10%8-10°
endurance mechanical

parts)
Read Latency [R(0WEvIi3 ~10ns 3-5ms 15-35 ps 20-60ns
Write Latency Ra(VpEyislS ~10ns 3-5ms 200-500ps 20-150ns
Leakage High Medium (mechanical Low Low Low
Power parts)
Dynamic Low Medium (mechanical Low Low/High Low/High
Energy (R/W) parts)
Maturity Mature Mature Mature Mature Manufactured Test chips Manufactured

Sources: [Vetter15] [Mittal15] [Xial5] [Wang’14] J.[Suresh14] [Baek13] [Maenal5]
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/ NVM Integration

Operating
System view

‘@aueunpul
‘Yipimpueg

" Main memory

- Memory management
- Byte addressable

? Performance / ns

Storage
Secondary memory Flash
- Block device
- File system 0 g
- Volume g o
- ms )

Vol ume e
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orizontal and Vertical integration

/ Horizontal integration
/ Same interface as an existing memory
/ Data placement (controller, OS, ...)

/ Vertical integration
/ Different interface
/ Cache subsystem

Storage
Flash
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a

he case of 3D Xpoint

3D XPoint™ Technology

An Innovative, High-Density Design

/ Announced by Micron/Intel in 2015
/ Intel Optane Memory Media
/ PCM technology, 20nm

/ Integrated in fast NVMe SSD and
DIMM modules

/ More Optane 3D Xpoint bits sold than all other emerging memories
combined in 2019

/ 2" generation in 2020

/ For memory integration: not supposed to replace DRAM, it
supplements it (DRAM invisible to application, verticaland
horizontal integration)

/ ~Xpoint: DRAM - 5:1 (Intel recommendation)
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erformance and integration \

ntroducing a New Tlier

2ND GEN INTEL” YEON'
© SCALABLE PROCESSOR

Latency vs. Load
(70Read/30Write Random, 4kB for SSD and 256B for Intel Optane DC Persistent Memory)

Intel DC P4610

NVMe SSD
Intel Optane HIGHER
DC SsD BANDWIDTH
P4800X

LOWER
LATENCY == »ersisTent uenony

Lower is better

Average Read Latency (usecs)

Total Bandwidth (reads+writes) in GB/s

(oteD ENGTA

U/ BRETAGNE
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ntel Optane DC architecture and performance figures

(inteD OPTANE DCO»

PERSISTENT MEMORY

12868, 256GB, 51268
/ 2 modes EECTTED 2666 MT/sec

— - B Platiorm Capacity JALTCIETE]
/ Memory mode ' _— ‘ e

/ Vertical integration with DRAM being a cache to NVRAM
/ > for scalability

/ AppDirect mode

/ Horizontal integration

/ = for persistance (performance compared to traditional storage) + bye addressability
(execute in-place)

DRAM Data Cache
Direct Mapped
v

NVRAM H DRAM

Stand-alone pmem devices

CORE ] [ CORE I [ CORE ] [ CORE InterleaveleoQInterleaved

DRAM | NVRAM
LLC

NVRAM ]—' DRAM

DRAM -| NVRAM

NVRAM H DRAM

DRAM |H NVRAM

Memory Mode AppDirect Mode

Zixuan Wang, Xiao Liu, Jian Yang, Theodore Michailidis, Steven Swanson, Jishen Zhao, Characterizing and Modeling Non-
Volatile Memory Systems, IEEE Micro 2020.

——————— =
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/Intel Optane DC architecture and performance , h
figures -2-

/ Latency
/ Reads 2 to 3x slower than DRAM (~80ns = ~300ns)

/ Writes same in latency (unless device saturated) = cached writes (~¥86ns 2>
94n5) Read Write

80 -
/ Bandwidth 5 100 co
2 45
/ AppDirect mode (NVRAM) g o 40 1
> 251 201
/' What about real apps ? e -
013 - - - - 05 . : . .
E [- MM-Optane-Cached INT- MM—Optane-Uncached' ! “ # 1'1I:read156 21 1 6 # 'I'll‘Treadlse 21
§1.0 DRAM -LDRAM ~—%— PM-RDRAM —— PM-OptaneJ
=
gi 0.5
3
2 0.0
& J. lzraelevitz, J. Yang, L. Zhang, J. Kim, X. Liu, A.

o Memaripour, Y. Joon Soh, Z. Wang, Y. Xu, S. R. Dulloor,
§ J. Zhao, S. Swanson, Basic Performance Measurements
2 Lo PR of the Intel Optane DC Persistent Memory,

Z s 2019Module https://arxiv.org/pdf/1903.05714.pdf
E 0.0-
& AP %5692 o s a2 25 o7 @ s eﬁ‘"’a“
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/ N

VM characteristics

/ Common characteristics
/ Byte addressable
/ Performance properties = very good for read, good for write
/ Energy properties = static power N, dynamic power ?
/ Scalability

/ Constraints to deal with

/ Performance asymmetry

/ Between write and read

/ Writing 1 # writing O
/ Energy consumption asymmetry
/ Wear out
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/ NVM takeaway

/ You cannot avoid it !
/ As a processor cache (mainly STT-RAM)

/ High frequency access = low latency and high endurance
/ NVM ®

/ Last level cache = acceptable
/ Many write operations = wear leveling

/ Technology compatibility
/ As a main memory (STT-RAM, PCM & ReRAM)

/ Asymmetric performance / power consumption
/ Vertical integration = DRAM as cache
/ Horizontal integration = data placement

/ As a storage system (PCM & ReRAM)
/ Vertlcal mtegratlon - example: hybrid disks
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Integration in state-of-the-art work

MRAM I eRAM PCM FeRAM
Cache Horizontal [Oboril et al. 2015; Li et al. 2012; Syu et [Wang et al. 2014a; Komalan [Wu et al. 2009; Joo et al.
diff al. 2013; Li et al. 2014; Wu et al. 2009; et al. 2013; Mittal and Vetter 2010]
(different T .
levels) Jadidi et al. 2011; Li et al. 2011; Wang et { )15]
c al. 2014 ; Komalan et al. 2014; Cheng et
o al. 2016]
>
g (=
5 -%D Vertical [Oboril et al. 2015; Senni et al. 2014; Sun | Jong et al. 2013; Wang et al. [Wu et al. 2009]
ah v et al. 2009; Wu et al. 2009; Samavatian  2013; Jokar et al. 2016]
< () et al. 2014; Smullen et al. 2011; Jog et al.
e 2012; Zhou et al. 2009b; Goswami et al.
E o . 2013; Yazdanshenas et al. 2014; Ahn et
S [7,) 63 al. 2012; Rasquinha et al. 2010; Park et
> c o al. 2012; Chen et al. 2013; Kwon et al.
.9 o 2014; Jokar et al. 2016; Senni et al. 2015;
&D ‘6 i\‘_’ Cheng et al. 2016]
—
wwn N
e m
ESS
w k=
d g q: Replacement [Oboril et al. 2015; Smullen et al. 2011;  [Dong et al. 2013]
_(CU P4 — Sun et al. 2011; Guo et al. 2010;
75} _—— Goswami et al. 2013; Wang et al. 2015]
— 0
SN —
N\ ED (@] Main Memory Horizontal [Yang et al. 2013; Suresh et al. 2014; Wei [Hassan et al. 2015; Wei et al. [Dhiman et al. 2009; Park et [ o et al.
C o - et al. 2015] $)15] al. 2010; Bock et al. 2011; 2007; Suresh et
Q= U’T Suresh et al. 2014; Zhou et al. g% 2014]
_E) -(=B W 2009a; Sun et al. 2015; Wei et
—0< al. 2015; Lee et al. 2014;
© = () Salkhordeh and Asadi 2016;
'E (5] O Wei et al. 2015; Kannan et al.
o ‘(5 t 2016; Dulloor et al. 2016; Wu
X U y» et al. 2016 ; Li et al. 2012 ;
o~ w E Oikawa 2014; Gao et al. 2015]
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) nho 5] 2016; Wu et al. 2016] ¢ 2010]
5 2E
s S
©
N = l'.6 - -
o © = Replacement [Kultursay et al. 2013; Wang et al. 2014; Ry et al. 2013 | Xu et al. [Lee et al. 2009; Chen et al. | aek et al.
O = Jin et al. 2014] M15] 2012; Park et al. 2015] 213]
£ 38 ‘
= 0 45 - -
o (] E Storage Horizontal [Lee et al. 2014] [Tanakamaru et al. 2014; Sun [Sun et al. 2010; Caulfield et [ oon et al.
m :‘é ° et al. 2014; Fujii et al. 2012]  al. 2010; Park et al. 2010] £108]
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= = .
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2014]

Journées Cloud/Edge- jalil.boukhobza@ensta-bretagne.fr E N STA

90191

5/12/2022 BRETAGNE



/¢

onclusion

Need to consider several things:

The context (high entropy)

Heterogeneous systems
Several offers/services
Platforms and tools

More distribution (more
devices distributed)

The problem

Journées Cloud/Edge-
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We tried to solve some
problems - data
placement, use of
ephemeral resources

How to integrate in a larger
problem 2>

edata and compute

eData, compute, network

eData, compute, network,
distribution

eData, compute, network,
distribution, technology

jalil.boukhobza@ensta-bretagne.fr

MAPE-K

Operational research
Al, ML, DL, RL
Control theory

Energy/intermittence
Low tech

Data privacy/RGPD
Cyber security

Fault tolerance (use hw
longer)
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