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e Target: Run software w.r.t. non-functional requirements in an
optimal way.

-> Energy Auto-Tuning (EAT) [1,2]

e System knows
1. Its hardware (resources)
2. Its software (components)
3. Their energy behavior

e System adapts
1. The deployment of software components
2. On available hardware
3. W.r.t. their energy consumption
4. And non-functional properties

[1] S. Goétz, C. Wilke, M. Schmidt, S. Cech, and U. ABmann. Towards energy auto tuning. In
Proceedings of First Annual International Conference on Green Information Technology
(GREEN IT), pages 122-129. GSTF, 2010.

[2] S. Gotz, C. Wilke, S. Cech, and U. ABmann. Architecture and Mechanisms of Energy
Auto-Tuning. To appear in: Sustainable Green Computing: Practices, Methodologies and
Technologies, IGI Global, 2011
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Feature Invocation +
Quality Expectations

playVideo

Software

File URL

Server 1 : Server Server 2 : Server
CPU S1 : CPU Net S1 : Net [te—— Net S2 : Net CPU S2 : CPU

frequency = 3 GHz bandwidth = 100 bandwidth = 54 MB/s frequency = 1,5 GHz

performance = 45 MB/s performance = 24

GFLOPS GFLOPS
LA RAM S1 : RAM HDD S1 : HDD RAM S2 : RAM HDD S2 : HDD
Instrastruct. : : : :

free = 402 MB free = 170 GB free = 1500 MB free = 170 GB

used = 110 MB used = 150 GB used = 512 MB used = 150 GB

total = 512 MB total = 320 GB total = 2048 MB total = 320 GB

throughput = 3 GB/s throughput = 20 MB/s throughput = 4 GB/s throughput = 20 MB/s
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contract VLC implements VideoPlayer {

mode highQuality { % Quality Modes

requires component Decoder ({

1

2

3

4

5 min dataRate: 50 KB/s \

6 ) Software Dependencies
:

8

requires resource CPU {

9 max cpulLoad: 50 percent

12 } min frequency: 2 GHz Resource Dependencies
12 requires resource Net {

13 min bandwidth: 10 MBit/s

14 }

15

16 provides min frameRate: 25 FPS o Qua“ty Pr‘OV|S|OnS
17 provides min imageWidth: 1024 Pixel

18 provides min imageHeight: 768 Pixel

19 }

20

21  mode lowQuality { <= Quallty Modes

22 /* More requirements and provisions here ... */

23 }

24 1
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1. Request Retrieval

2. Contract

5. Request h
Checking

Propagation

3. Contract
Negotiation

4. Reconfiguration

[2] S. Gotz, C. Wilke, S. Cech, and U. ABmann. Architecture and Mechanisms of Energy
Auto-Tuning. To appear in: Sustainable Green Computing: Practices, Methodologies and
Technologies, IGI Global, 2011
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e HW/SW Modeling using components and contracts

e Application of Contract Negotiation to compute the optimal
system configuration at runtime.

Definition: ,,System Configuration™

A selection of components and their mapping onto resources.
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e Transformation into an MILP

Definition: MILP (Mixed Integer Linear Program)

Constraint System with objective function comprised of linear
constraints, where some variables have to be integers (must

not be reals).

e MILP consists of
e Variables
e (Constraints

e (Objective Function
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e Four kinds of variables:

1. Base load
(e.g., baseload#Serverl)

2. Resource usage
(e.g., usage#Serverl#RAM_[sl]#size)

3. Implementation Mapping (Boolean variables, flags)
(e.g., b#FreeDecoder#fast#Server2)

4. NFPs
(e.g., bitrate, throughput, framerate, ...)

Slide 8
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e Objective Function:

_ Z(weight vz - USAge# container, #resource, #property, )
min
+ > baseload #server,

e Selection criteria/mappings > Boolean variables

. b#FileReader#file#Server2 ]
+ b#FileReader#file#Serverl Exactly one
+ b#URLReaderffurl#Server?2 — DataProvider on
+ b#URLReader#url#Serverl exactly one server
=1.0; -

e 1 such constraint per software component type
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e Three constraints per usage variable of HW component

e Upper bound (according to variant model)
" usage#Serverl#RAM [sl]#size <= 512.0;

e Lower bound (>= 0 or according to variant model)
" usage#Serverl#RAM [sl]#size >= 0.0;

e Requirements (from contracts)
* usagefServerl#RAM [sl]#isize =
512.0 * b#FreeDecoder#fast#Serverl 0 or 1
256.0 * b#FreeDecoder#slow#Serverl
128.0 * b#CommercialDecoder#slow#Serverl
512.0 * b#CommercialDecoder#fast#Serverl
1536.0 * b#CommercialDecoder#ultrafast#Serverl;

+ + + +

e Baseload constraints
e baseload#server; = b#impl,#mode, #server,
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e Constraints for SW component NFPs

e throughput =
5.0 * b#URLReader#url#Serverl
+ 20.0 * b#FileReader#file#Server?
+ 5.0 * b#URLReader#url#Server?
+ 20.0 * b#FileReader#file#Serverl;

e User Request reflected by constraint, too
e framerate >= 20.0;
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Variables » MILP ...
2433
b#CommercialDecoderfifastiServerl 0

b#CommercialDecoderiifastiServer2 0

I b#CommercialDecoderfislowiServer2 1

b#CommercialDecoderfiultrafastiServerl
bH#CommercialDecoderfultrafastiServer2
bi#tFileReaderfifileftServerl

bi#tFileR eaderfifilefServer2
b#tFreeDecoderfifastiiServerl
b#tFreeDecodertifastiServer2

—bitbieelecadadisloutiConie?

bHURLReaderfurlfiServerl

bRl ReaderthyiiiServer?

bHVLCHhighQuality#Serverl

b#VLCHhighQualityHServer2
bHVLCHlowQualityHServerl
bi#VLCHlowQuality#Server2

0
0
0
0
0
0
b#tFreeDecoderfislowServerl 0
0
1
0
1
0
0
0
5

bitrate
framerate 20
throughput 5

usageltServerl HCPU_[s1]#frequency 1500

—usagewservel TRHDD_[s1Wsize . 0
usagefServer1 HHDD_[s1]#throughput 0

Optimal Configuration

Concrete NFPs

\

usageServerl #Net_[s1]#bandwidth 5

B VT=TaT) ASY=TE=TA B (=11 B S )+ - — —
usageftServer2HCPU #frequency 800
usagelServer2#HDD H#size 0
usagefServer2BHD D Hthroughput 0
usageﬂServerZﬂN etwork #bandwidth 0

usageHServer2BRAMHsize 128

Concrete Resource Usage
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1) Resource usage
e Improve resource utilization / energy relation
e Introduce time-dependant resource utilization models

2) Case studies
e VideoServer, StockTracking and further scientific case studies

e Industrial case study with a green enterprise application
planning (EAP) system

13
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e Energy Auto-Tuning requires contract negotiation

e Goal: select the optimal variant w.r.t. user demands and
energy consumption

e Solution: MILPs can be used for contract negotiation
e Are generated from models@runtime

e Result includes additional information

= Concrete resource usage of variant - resource control
(e.g., setting the CPU frequency)

= Concrete provided qualities

24.10.2011 Slide 14
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Dynamic Variability in Complex, Adaptive Systems (DiVA) [3, 4]
¢ Management of dynamic adaptive systems
e Special focus on exponential growth of potential configurations
e Automated adaptation at runtime with
e Goal-based optimization of NFPs
e Rule-based system reconfiguration

Major difference to our approach
e Level of abstraction for non-functional property values

e DIVA symbolizes non-functional properties
(e.g., LOW, MEDIUM, HIGH memory)

e We consider subsymbolic information
(e.g., the actual value of free size of memory in MB)

- allows deriving finer-grained configurations

[3] F. Fleurey and A. Solberg. A domain specific modeling language supporting specification,
simulation and execution of dynamic adaptive systems. In: Proceedings of MODELS '09,
pp. 606-621, Springer, 2009.

[4] B. Morin, O. Barais, G. Nain, and J].-M. Jézéquel. Taming dynamically adaptive systems
using models and aspects. In: Proceedings of the 31st ICSE 09, pp. 122-132, IEEE, 2009.
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MADAM/MUSIC [5]
e Management of mobile dynamic adaptive systems

e MUSIC aims to maximize user utility using manually written utility
functions.

e Goal is to maximize user satisfaction
e Dependencies between qualities are not considered

Major difference to our approach

e We aim to maximize user utility while minimizing resource
usage based on quality contracts between user, soft- and
hardware

o We focus on efficient user satisfaction
e Dependencies between qualities are considered
= Tradeoffs are negotiated

[5] http://ist-music.berlios.de/ - MUSIC project homepage.

24.10.2011 Slide 18
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Objective Function (maximize profit, minimize cost, ...)
Set of Constraints

Example: Production of 2 types of items. Item x profit: 2€. Item vy
profit: 3€. Max production capacity: 300, demand for x and y each:
200. Objective function: maximize profit.

max: 2X + 3y

X,y >=0 feasible region
X +y <= 300
X,y <= 200

Simplex-Alg.

Integer:
dom(x) = dom(y) = N

Slide 19
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Example: VideoPlayer (SW types)

5 Mavigator | = Properties 23 } = }:D S m | Server.structure_diagram W =8
4 Palette 3
4 SWComponentType 4 VideoServer o
_ _ heaD-
Core Mame Unit Kind [ =
playVideo [= Objects @
Appearance framerate fps calculated ) .
- <= ContainerProviderType
Properties Ej

4 Player L uses
—

B
< Decoder

_ uses <+ DataProvider

<= PhysicalResourceType
4+ PortType

PR
=]

[
[
e

getStream  decode readData getFile + ResourceType
L 4 c - ... |
= Connections ]
P < PortConnectorType
[& UnitLibrary.unit &2
1 1library { -
2 =imple unit second : Intceger;
3 simple unit Watt : Real;
4 =imple unit MB : Integer;
5 simple onit Mb : Integer;
& =imple unit Frames : Integer;
g complex unit Mb s = Mb per second;
9 complex nnit fps = Frames per second;

Structural Model of SW Component Types + NFPs
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Example: VideoPlayer (HW types)

| Properties I3

<+ PhysicalResourceType

NFPs —

Core Property
Appearance He=rophing
p & Ecl Uri
roperties Id
Is Shared

Lower Bound
MName
Upper Bound

- Which ResourceTypes exist
- How they are connected

- Multiplicities

- Contracts

=_}:=:g> = = O || [d] server.structure_digfram %

=
o
=
m

VideoServer/5t

] =) El
= CPU 4 CPU 4 RAM
-1 =]
zend send
=] =
< HDD 4 Metwork
connect
receive receive

L 1

| ¢ o4 ¥

Structural Model of HW Resources
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= Properties 52 #(Exm =0

|1| Server.structure_diagram i
g

4 PhysicalResource

Core

Appearance

Instance Properties

MName

size [ME]

WValue

500

throughput [Mbits] 5.0

r

<> Simplelnfrastructure
4 Serverl <4 Server?
4 Met (s} | | 4 RAM (<1) 4 CPU 4 RAM
4 10er ‘ ‘¢ Kingston 512ME 4 AthloniP <4 Noname 2GB
4 HDD (s1) 4 CPU(s1) 4 Metwork 4 HDD
g
+ WDCEWE"EJUT 4 Xeon 7650 4 100er 4 Barracuda EC2
< Behavior ‘ < Behavior
‘{} Behavior

4

Variant Model of Resources + NFP values

Slide 22



TECHNISCHE
UNIVERSITAT
DRESDEN

Example: VideoPlayer (User + Contracts)

= = - = . »
|s player.request &3 | @ cpu.workload |8 cpuworkload g =08 |& player.request |® VideoServer_Playe... 'u VideoServer Decod... &5 7
1 Iimport cem [./VideoServer/Structure/VideoServer.structure] - 1 |i111p0t‘t coem [../VideoServer.structure]
2 target platform [./VideoServer/Variants,/IwoServers.variant] 2 import com [../Server.structure]
call Player.playVideco expecting { 4 econtract FresDecoder implements software Decoder
framerate min: 20 5 mode fast {
} & requnires component DataProvider {
7 throughput min: 5
8 }
& VideoS»arl.fer_PIayer.ecl 57 = H % regquires resource CPU {freguency min: 1500}
10 requnires rescource RAM {size min: 512}
1 import com [.. tructure] - 11
2 import com [../Server.strucfure] 12 provides bitrate min: 8
3 13 }
G OO ekl il 14 ey p——————
5 mode highQuality { 15 requires component DataProvider {
& regqunires component Decoder { 16 throughput min: 2
7 bitrate min: 5 17 N
8 } 18 requnires resource CPU {frequency min: 1000}
] regquires resource CPU {frequency min: 1500} 19 requires resource RAM {size min: 256}
10 20
11 provides framerate min: 20 21 provides bitrate min: 3
12 1 22 }
13 mode lowQuality § 23 '}
1 reqmires component Decoder { 24
15 bitrate min: 2 25 cog 1
16 1 26 mode ultrafast {
17 requires resource CPU {frequency min: 500} =1 FETES TITETEGE INEAPETTATEE o
- 28 a throughput min: 7
19 provides framerate min: 10 - I . )
- 3 requires resource CPU {frequency min: 2500}
= U
31 3 regquire=z resource RAM {=ize min: 153&}
<4
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 Variables LPO..  MILP .. result
2431 2433 2433

bftCornrmercialD ecoderfif aztiS erver
b#Commercialll ecoderifaztBS erver?
bHCommercialDecoderfislowiS erver
biCornrmercialD ecoderfslowdtS erver2
bftCornrnercialD ecoderfultrafasttS erven
b#Commercialll ecoderfultrafasti S erver2
bHFileReaderftfiefS erverl
biFileReaderifiledServer?
bitFreeDecodertfaztfServer
biFreeDecoderffastfServer?
bHFreelecoderfzlowiServerl
bftFreeDecoderfslowServer?
bRURLReadertfurlftS erverl

bHURLR eaderfurl#S erver
biWLCHhighQualityBS erverl

b LCHAighQualityBServer?

bt LCHlowuality#S erver
b#WLCHlowDualitylS erver

bitrate 4]
frarnerate 20 20 20
throLighput 5 ] ]
uzagedServerlHCPL_[=1]#frequency 1300 1500 1500
wzagedServerl BHDD _[=1]Hsize 1] 1] 1]
uzagefServerl HHDD_[21]#throughput 0 1] 1]
uzagefServer #iet_[=1]#bandwidth 5 ] ]
uzagetServerl #RAM_[1]#zize 128 1] 1]
wzageltServer2BCP U frequency 1000 200 200
uzagefServer2HHDDHzize 0 1] 1]
uzagefserverHHD DR throughput 0

uzageHtServerziMetwork #bandvadth 1] 1] 1] Slide 24
uzageltServerzBRaMzize 1]

LP vs. ILP
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