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Executive Summary

The goal of this deliverable is to describe how to specify the functional and non-functional requirements
of applications, based on examples from the Hardware- and Network-Enhanced Software Systems for
Cloud Computing (HARNESS) validation use cases.

We have designed two domain-specific languages: (i) a manifest that allows application developers to
express the specifics of an application and the type of resources it needs and (ii) an service-level objective
(SLO) description language that allows application users to specify the cost and performance they would
like to achieve when executing the application. We first describe the two languages and give the manifest
file for the AdPredictor validation use case.
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1 Introduction

The Hardware- and Network-Enhanced Software Systems for Cloud Computing (HARNESS) platform
is responsible for the execution of applications on heterogeneous cloud resources, and will provide
flexible mechanisms for application specifications to enable dynamic resource allocation that meet given
execution deadline and cost objectives. This report outlines general application requirements identified in
the context of the HARNESS project. It also presents the methods to specify application characterisation
requirements and their purpose in the design of the HARNESS platform.

1.1 Overview

The main purpose of the HARNESS platform is to handle a broad range of applications. This implies
that we need to define a general way to describe all these types of applications and to express their
requirements with respect to the resources provided by clouds exhibiting a high degree of heterogeneity.
For this, we must identify the common characteristics of applications and to study what is the impact of
various resource configurations on application performance.

At the core of the HARNESS approach, algorithms receive as input the application requirements and
characteristics, the current state of the heterogeneous resources annotated with their performance models,
and the provider’s internal policies and service-level objectives (SLOs). These algorithms output the set
of resources that should be assigned to the application. This resource allocation process is not a static
process, but rather it should run continuously and adapt to changing conditions, such as when new tasks
arrive or resource performance degrades.

The novel aspect of this work is the support of flexible applications that may have multiple alternative
implementations exhibiting different trade offs between the resources they use and their performance and
cost.

1.2 Requirements

This report addresses a number of requirements documented in Deliverables D2.1 and D2.2 [2, 3]. We
can classify these requirements into three categories: requirements regarding application flexibility;
requirements regarding the application description language; and requirements regarding SLOs.

1.2.1 Requirements regarding application flexibility

Three requirements specify that HARNESS applications may contain multiple alternative implementations.
For example, the same algorithm may be implemented in different ways depending on the type of hardware
accelerators used for the execution.
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R2 (D2.1) ] Provide support for flexible applications

The HARNESS platform should support the execution of applications offering a level of freedom in
the set of computational, communication, and storage resources they require. This may be realised by
a variety of mechanisms: (i) defining rules for horizontal scalability of the application; (ii) authorising
application developers to provide multiple implementations of the same functionality featuring
different trade offs between the required resources and the achieved performance; (iii) automatically
recompiling applications as a means to automate the generation of multiple versions of the application.
The platform will autonomously choose one of the available deployment options in order to best
enforce the required SLA.

Task: 6.1, | Innovation: high Importance: critical

6.2,6.3 Dependencies: R3-R4,R6-R8, R11-R12, R14-R16, R20-23

R26 (D2.2) ] The HARNESS platform shall support multiple algorithms

The HARNESS platform shall be able to allow applications to be expressed with multiple choices of
algorithm that could be used in their implementation. The platform can then choose among the
algorithms to utilise at run time, based on the user’s latency or cost target.

Task: 3.1, | Innovation: high Importance: critical

3.2,6.1,6.2 | Dependencies: R25

R30 (D2.2) ] The HARNESS platform shall support multiple application implementations
The HARNESS platform must be able to support the delta-merge process for different data types that
may have differing implementations and vary across a table. As all data types may not be supported
across the accelerators, the platform must then choose which implementation to utilise at run time.
Task: 3.2, | Innovation: high Importance: critical

6.3 Dependencies: R1, R2, R9, R11, R12

1.2.2 Requirements regarding the application description language

Two requirements specify that the HARNESS platform must allow application programmers to describe
their application, for example to indicate the type of resources it requires to execute.

R3 (D2.1) ] Provide an application description language

The HARNESS platform should provide a description language that application developers can use to
specify the functional and non-functional requirements of an application. The functional requirements
include the list of software components of the application as well as the location of executables, input
and output data. Non-functional requirements include a description of the different ways the
application may be deployed on various sets of resources.

Task: 6.1 Innovation: medium Importance: critical

Dependencies: none
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R29 (D2.2) | The HARNESS platform shall provide support for specification of particular re-
sources

Since the delta-merge functionality requires close coupling of accelerators as well as specific hardware
resources on the accelerators, the HARNESS platform must enable the specification of accelerators
based on local memory and hardware requirements.

Task: 6.1, | Innovation: medium Importance: critical

6.2 Dependencies: R3, R9

1.2.3 Requirements regarding SLOs

Two requirements specify that users must be able to specify an SLO that indicates the expected level of
performance and cost they are ready to accept when executing their applications.

R2 (D2.1) ] Provide an SLA description language

The HARNESS platform should provide a language to allow application users to specify their
expectations of application performance and execution costs.

Task: 6.1 Innovation: low Importance: moderate

Dependencies: none

R25 (D2.2) | The HARNESS platform shall allow the expression of target latency or target
cost

Given the common use case of RTM, the cloud user will likely desire to specify either a cost target
(i.e., run in the fastest time not exceeding this cost for the job) or a latency target (i.e., run in minimum
cost, taking not longer than this amount of time).

Task: 6.2, | Innovation: medium Importance: moderate

6.3 Dependencies: None

1.3 Report Structure

This report is organised as follows. Chapter 2 addresses the application model used by the HARNESS
platform with a focus on the description of flexible applications. Chapter 3 presents the description of
how HARNESS application managers (described in Deliverable D6.3.1 [5]) handle them. Chapter 4
describes the SLOs that HARNESS users may provide when using the platform to run their applications.
Chapter 5 shows an example manifest for the AdPredictor validation use case [4]. Finally, Chapter 6
concludes this report and discusses future work.






2 Application Model

The goal of the HARNESS platform is to offer an execution platform for applications making use of
heterogeneous cloud resources. Following the requirements mentioned in the previous chapter, the
HARNESS platform should be able to support flexible applications capable of using multiple alternative
implementations of the same functionality, potentially making use of different types of heterogeneous
resources.

This section presents the general requirements on the application description. The platform will
support the specification of flexible applications capable of exploiting this heterogeneity and dynamically
change its use of resources based on its current workload, the current cost and availability of specialised
resources, and the SLO that it is supposed to achieve.

2.1 Application Organisation

To preserve the generality of the platform, flexible applications will be defined as a set of modules that
can be deployed over heterogeneous cloud resources. Each module can have one or more independent
implementations potentially designed to execute on various types of cloud resources.

From the platform’s perspective, each module implementation is an opaque black box defined only by
its code, input/output data, and the cloud resources it requires for its execution. In particular, as illustrated
in Figure 2.1, the platform has no knowledge about (nor control over) the internal workings of module
implementations.

For each implementation in the module, the developer will have to express the functional requirements
(runt-time parameters, output) and non-functional requirements (resource types the application supports,
constraints related to the number of resources and resource attributes) in a manifest file. The manifest
language allows one to specify the list of modules and implementations, as well as all the relationships
between functional and non-functional application requirements.

2.2 Stakeholders

A platform such as the HARNESS platform involves several types of stakeholders participating in the
system in different ways. It is important to distinguish them clearly, as this has an impact on the way
applications will be characterised.

* Platform administrator. The platform administrator has access to a HARNESS cloud, and offers
access to this cloud by providing a HARNESS platform to users. The only task is to set up a
generic (application-agnostic) platform together with the HARNESS cloud. The administrator has
no inner knowledge about applications that are developed and executed on the platform.

* Application developer. Application developers understand the inner working of their application:
they know the list of modules that compose an application, the list of implementations of each
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HARNESS
module
implementation

Figure 2.1: A HARNESS module implementation is seen by the platform as a black box executing over a
set of cloud resources.

module, the resources each implementation requires for its execution, the relationships between
different modules, and so on. To allow the platform to deploy their application, application
developers capture their knowledge about the application in the form of an application manifest.
We discuss application manifests in detail in Chapter 3.

* Application user. Application users know which application they want to execute, which input
parameters they want to use, and the performance with which the application should execute. They
specify these elements in the form of an SLO, which specifies the particular constraints that are
attached to each particular execution of the application. We discuss SLOs in detail in Chapter 4.

Consequently, as illustrated in Figure 2.2, an application execution in the HARNESS platform requires
two separate specifications: (i) a specification of the application organisation, captured in the form of an
application manifest and written by the application developer, and (ii) a specification of the application
parameter values and expected execution performance, captured in the form of an SLO document and
written by the application user.

2.3 Application Specification

The HARNESS platform should support the execution of applications offering a level of freedom in the
set of computation, communication, and storage devices they require. In order to do this the platform
implements several mechanisms:

* allowing application developers to provide several implementations of the same module featuring
different trade offs between the required resources and the achieved performance;

* defining rules for horizontal scalability of the application;
* defining the types of resources upon which the application should be executed; and

* allowing application users to specify the objectives of the application execution in terms of cost,
performance or a trade off between them.
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Figure 2.2: A request for executing an application involves two different types of stakeholders.

In order to fulfil the application requirements expressed in deliverables D2.1 [2] and D2.2 [3], the
HARNESS platform implements a common interface that supports the description of different types of
applications. The common description language splits specifications in two separate types of documents:

* Application manifest. The developers of an application must provide the platform with an
application manifest that specifies the way the application is organised. In particular, the application
manifest must contain all the necessary information to let the platform choose an appropriate set of
module implementations and resources on which to execute them, deploy the chosen modules, and
execute them. The general organisation of an application manifest is depicted in Figure 2.3.

* Service-level objective. The user who requests the execution of an application must additionally
specify their expectations in terms of execution performance and/or cost. This specification is
provided in the form of an SLO document.

Application manifests and SLOs are written in JavaScript Object Notation (JSON), a standard, open,
structured data format widely used by companies such as Yahoo and Google [1]. JSON is supported
by many libraries and tools written in many languages, and is the format used for all structured data in
ConPaaS [6].
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Application Manifest {
| Application A{ppllcatmn o
| Module 1 . »Name”: ”Modulel”
. _Implementation 1 »Description”: “Module description
Functional

“Implementations™: [ {...}, {...}

requirements |

Non-functional

Je
requirements {
| _Implementation 2 “Name”: “Module2”,
”Description”: ”“Module description
. Implementation 3 ?Implementations™: [ {...}, {...}
ce ]
| _Module 2 }
Implementation 1 1, . .
) ”Relationships”: [{}]
Implementation 2 }
| Relationships
(a) General structure. (b) JSON representation.

Figure 2.3: Organisation of an application manifest.



3 Application Manifests

As mentioned in Chapter 2, an application consists of a list of modules, each one consisting in turn
in a list of implementations. Application developers can specify these functional and non-functional
requirements in the form of an application manifest.

A HARNESS manifest offers an easy way to provide all the information necessary for the HARNESS
platform to efficiently manage application execution. Below, we present a sample of an application mani-
fest that follows the design discussed in Chapter 3 and provides details about application characterisation.
We will provide more details in the following sections.

3.1 Example Manifest File

An example manifest file is represented below. It specifies an application composed of one module with
a single implementation. This implementation requires two different types of resources: one virtual
machine (VM) with role “MASTER” and a variable number of VMs with role “SLAVE”.

{
”ApplicationName”: “Example application”,
”Author”: ”John Doe”,
”PerformanceModel”: ”/path/to/performance_model”, /% If one was previously generated =/
”Modules” = |

”ModuleName”: “Modulel”,
"Implementations™: [

”ImplementationID”: i
"ImplementationName”: ”First and only implementation”,
”Arguments”: |
{
7 ArglD” : "Pargl”, /+ This creates a variable %argl that can =/
/+ be referenced elsewhere in the manifest =/
”ArgName™ : ”Argument name”,
"Type”: ”INT”,
”InitValue”: 0, /+ The default value is 0 =*/
”Range” : [ 0, 5] /+ The platform can choose any value between 0
and 5 =/

P —;

7 ArglD” : "Joargl”,
” ArgName” : ”Argument name”,
”Type”: "EXT” /+ The value will be provided by the user in
the SLO =/
}
I,
“"Resources”: {
”Roles”: [ "MASTER”, ”SLAVE” |,
”Devices”: |

”Role”: ”"MASTER”,
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»Type”: "M’

"Num”: { “Value”: 717 }, /+ This application needs exactly one master
%/
”Performance”: {
"RAM” ;. {
”Value”: "%master_ram”, /+ The platform will choose a =/
”Range”: [ 1, 32 ] /% value between | and 4 GB %/
}
”Cores”: {
”Value”: "% master_cores” /+« The platform will choose a =/
"Range”: [ 2, 4 | /% value between 2 and 4 cores =/
}
}

”

ddresses”: "%master_address” /« This variable will contain the master IP
address =/

I -
{
”Role”: ”SLAVE”,
"Type”: VM’ ,
"Num”: {
”Value”: "%num_slaves”, /+ The platform will choose the */
”Range”: [ 10, 50 ] /+* number of slaves between 10 and 50 =/
}
”Performance”: {
”Value”: "%master_-ram”, /+ The platform will choose a =/
“Range”: [ 8, 32 | /% value between 8 and 32 GB %/
}
”Cores”: {
”Value”: "%omaster_cores” /+ The platform will choose a =/
“Range”: [ 4, 16 | /+ value between 4 and 16 cores x/
}
IE
”Addresses”: "%slave_addresses” /x This variable will contain all slave IP
addresses =/
IE
{
”Type”: “STORAGE”, /+ There is no need to define roles here as /]
/+ this application uses only one type of storage =/
”Performance”: {
”Size”: 7327, /+ We know we want exactly 32 GB of storage /=
”IOBw” : ”128” /% We know we want 128 MB/s =/
I
”Addresses”: "%storage_address”
}

Ie
”MinBandwidth”: ”200”, /% Minimum available bandwidth in MB/s =/
J s

”GlobalConstraints”: |
"%master_.ram > %master_cores”,

"P%argl = 10 % %num_slaves”
1,
“"Deployment”™: {
”Actions”: |
{
”ROLE”: ”"MASTER”,
”"START”: {
”Script”: ”/path/to/ master_start_script”,
B
”STOP”: {
”Script”: 7/path/to/master_stop_script”,
}

10
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fe
{
"ROLE”: ”SLAVE”,
”"START”: {
”Script”: ”/path/to/slave_start_script”,
e
”STOP”: {
”Script”: 7/path/to/slave_stop_script”,
}
}
I,
”EnvironmentVars”: {
"$MASTER_IP” : "%MASTER_ADDRESSES”, /% $MASTER.IP and $SLAVE_IPS will be exported
as */

”$SLAVE_IPS” : "%SLAVE_ADDRESSES” /% environment variables in the run-—time
environment s/
}

e
”Activation”: {
"TARGET” : {
”ID”: “MASTER”
}

2

xecuteCMD”: “java /path/to/exe %argl %arg2” /+ command to start job execution s/

3.2 Functional Requirements

Functional requirements in an application manifest describe the list of modules of an application, the way
the application should be installed and its software dependencies resolved, and the way to actually start
it. The list of dependencies and settings to apply in order to prepare the execution represents the set of
static functional requirements. This information is static, and does not depend on decisions taken by the
platform.

The most important functional requirements expressed in the manifest are the parameters taken by
each module. For simplicity we assume that the order and meaning of the parameters are identical in all
the implementations of the same module.

Module parameters may either be specified by the user as part of the application execution request,
or chosen automatically by the platform. In this latter case, the platform will first try various values for
this parameter during the first runs of the application and study the impact of this parameter’s value on
application performance. After this initial training phase, the platform will use this knowledge to choose
parameter values such that application execution respects the SLO. More details about this process are
provided in Deliverable D6.3.1 [5].

Implementation parameters can be specified in the following way in the manifest:

”Arguments”: |

{

11
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”ArglD” : "Joarg1”, /+ This creates a variable %argl that can
*/
/+ be referenced elsewhere in the manifest
%/
” ArgName” : ”Argument name”,
“Type”: INT”,
”InitValue”: 0, /+ The default value is 0 =/
”Range” : [ 0, 5 1] /+ The platform can choose any value
between 0 and 5 =/
}
{
7 ArglD” : "Parg?2”
” ArgName” : ”Argument name”,
”Type”: “EXT” /+ The value will be provided by the user
in the SLO =/
}

I,

As we can see, for each parameter, the developer can specify:
* a parameter identifier, used when expressing dependencies on the resources;

* an initial value of the parameter, representing the starting point for parameter space exploration in
the profiling process; and

* arange or list of values, used in the profiling process to explore the parameter-dependent behaviour
of the implementation.

The static requirements can be expressed the following way:

”Deployment”: {
”Actions”: |

{
"ROLE”: ”MASTER”,

”START”: {
”Script”: ”/path/to/ master_start_script”,
}

”STOP”: {
”Script”: ”/path/to/master_stop_script”,
}

3
{
"ROLE”: ”SLAVE”,

”START”: {
”Script”: ”/path/to/slave_start_script”,
}

”STOP”: {
”Script”: ”/path/to/slave_stop_script”,
}

}

12
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1.

“EnvironmentVars”: {
"$MASTER_IP” : "%MASTER_ADDRESSES”, /x $MASTER_IP and $SLAVE_IPS will
be exported as %/

”$SLAVE_IPS”: “%SLAVE_ADDRESSES” /% environment variables in the
run—time environment x/

}

)i -

”Activation”: {
"TARGET” : {

”ID”: “MASTER”

3
”ExecuteCMD”: ”java /path/to/exe %argl %arg2” /% command to start job
execution =/

As we can observe, there are two main operations to be performed that require static information:

* Deployment. Installing the software stack and preparing the execution environment. This requires
preparing the execution environment as well as defining settings such that multiple modules can
later communicate with each other. Such bindings are established thanks to the GlobalVars
field, which stores information exposed to each process.

* Activation. Execution information specifying the end point where to submit the application and
how to launch its execution.

3.3 Non-Functional Requirements

Non-functional requirements describe the set of resources that are necessary to execute the application.
As shown below, each application can require multiple types of resources, possibly with bandwidth
requirements between these resources.

Resources
Devices
Resource Attributes Set 1
Resource Attributes Set 2
Bandwidth

As for the functional requirements, application developers can either precisely specify the resources
needed by their application, or give some leeway for the platform to automatically tune certain parameters.
An example of resource requirements is provided below:

”Resources™: {
”Roles”: [ "MASTER”, "SLAVE” |,
”Devices”: |

{

13
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”Role”:
»Type”

”"MASTER” ,
VM

storage

We know we want

"Num”: { ”Value”: 717 }, /%
master s/
”Performance”: {
”Value”: "%master_ram”, /%
”Range”: [ |, 32 ] /%
}
”Cores”: {
”Value”: "%master_cores” /%
“Range”: [ 2, 4 ] /%
}
I
”Addresses”: "% master_address” /%
IP address =/
)
{
”Role”: ”SLAVE”,
"Type”: "VM”,
“"Num”: {
”Value”: "%num_slaves”, /%
”Range”: [ 10, 50 ] /%
}
”Performance”: {
”Value”: "%master_ram”, /%
”Range”: [ 8, 32 | /%
}
”Cores”: {
”Value”: "% master_cores” /%
”Range”: [ 4, 16 ] /%
}
e
”Addresses”: "%slave_addresses” /x
IP addresses =/
o
{
”Type”: “"STORAGE”, /% There
®/
/% this
”Performance”: {
”Size”: 327, /[ *
”IOBw” : ”128” /%
i
”Addresses”: "%storage_address”
}

]

”

This application needs exactly one

The platform will choose a =/
value between 1 and 4 GB %/

*/
*/

The platform will choose a
value between 2 and 4 cores

This variable will contain the master

The platform will choose the %/
number of slaves between 10 and 50 =/

The platform will choose a =/
value between 8§ and 32 GB */

#/
%/

The platform will choose a
value between 4 and 16 cores

This variable will contain all slave

is no need to define roles here as

application uses
%/

only one type of

We know we want exactly 32 GB of storage /=

128 MB/s =/

inBandwidth”: 7200”7, /% Minimum available bandwidth in MB/s =/

14
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The fields starting with % are variables and may be dependent on other fields. This is why values are
going to be assigned to them at run time after the constraints are processed.

Application developers can also reduce the search space by giving constraints between multiple
parameters that the platform should optimise. Here is an example of such constraints:

”GlobalConstraints”: |
“%omaster_.ram > %master_cores”,
"P%argl = 10 % %num_slaves”

]

15



16



4 Service-Level Objectives

SLO descriptions are the way by which HARNESS users can express their wishes regarding the perfor-
mance/cost trade offs that they are willing to accept when executing an application. Additionally, the
SLO also specifies the functional requirements of an application execution request, such as the location
of input data and the value of configuration parameters.

4.1 Types of Supported SLOs

As specified in Requirement R25 [3], SLOs can be expressed in two different ways:

* The user specifies an expected level of performance. In this case, the platform will try to minimise
costs while respecting the performance target.

* The user specifies an expected execution cost. In this case the platform will try to maximise
performance without exceeding the allocated budget.

A third option would consist of letting the user define a cost function that encapsulate the exact perfor-
mance/cost trade offs that are considered acceptable. Implementing such SLOs would not be difficult, but
experience shows that users find such cost functions confusing and hard to define. As a consequence, we
will initially focus on simple SLOs that define either a target performance or a target execution cost.

4.2 SLO Specification Language

An example SLO is shown below:

{
”SLO”: {
”ManifestUrl”: ”path/to/application/manifest”
”ExecutionArgs”: |
{”ArgID”: ”1”, ”Value”: 75007},
{”ArgID”: 727, ”Value”: 72007}
15
”Objective”: {
Constraints: [ "%budget <= 100” ] /% spend no more than $100 =/
Optimization: “%execution_time” /+ minimize latency while respecting the
budget =/
}
}
}

The SLO first contains a link to the application manifest to which it refers. It then contains the parameter
values that this execution should use, and a constraint regarding the maximum budget that the user is

17
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ready to spend. The optimisation objective consists of minimising the execution time without exceeding
the budget.

18



5 Example: AdPredictor

This chapter presents an example of a manifest file for one of the three HARNESS validation use cases,
AdPredictor. The manifest file describes AdPredictor as an application consisting of one module with
two different implementations: a sequential and a MapReduce implementation. Both implementations
process synthetic data generated by the deployment scripts. The arguments to all implementations must
have the same order and significance.

The sequential implementation requires one machine. AdPredictor is installed in it through the script
specified in the Deployment field START. No stop application script is required as it does not support
scaling. This implementation processes synthetic data (generated by the start script) whose location is
passed by the the first argument.

The AdPredictor’s MapReduce implementation runs on a cluster of machines with a master/slave
architecture. The manifest file contains constrains specifying the requirement of one master machine and
at least one slave machine. The MapReduce processes and all other dependencies are installed through
the start scripts. Having a more complex configuration (machines have different roles), the manifest
provides scripts (start and stop processes) for handling each type of machine in the system.

For each implementation, there are specified environment variables that will be exported to all the
machines from the configuration. Through this, we solve inter-resource dependencies.

”ApplicationName”: ”AdPredictor”,
” Author™: ”HarnessUser”,
”Modules” = |

{

”ModuleName”: ”AdPredictor”,
“Implementations”: [
/+% Description of the sequential implementation s/

{
”ImplementationID”: 717,
"ImplementationName”: ”Sequential Implementation”,
”Arguments”: [
{
”ArglD”: "Pargl”,
”ArgName” : “Input data path”,
"Type”: ”STR” ,
"InitValue”: ”sample—data/I100F3V3.txt”,
”Values”: [ ”sample—data/I100F3V3.txt” |
b
{
”ArglD” : "%argl”,
”ArgName” : ”Output data path”,
"Type”: ”STR”,
”InitValue”: ”/tmp/output”,
”Values”: [ ”/tmp/output” |
}
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”Resources”: {
”Roles”: [ "MACHINE” |,
”Devices”: [
{
”Role”: "MACHINE”,
"Type”: "VM”

"Num”: { “Value”: 717 }, /+ This application needs only one machine =/
”Performance”: {
”Value”: "%machine_ram”, /+ The platform can choose a =/
”Range”: [ 1024, 4096 ] /% value between | and 4 GB %/
}
”Cores”: {
”Value”: "%machine_cores” /+ The platform can choose a s/
”Range”: [ 2, 8 | /% value between 2 and 8 cores =/

}

5
ddresses”: "%machine_address”

}

»

}

I
b
”GlobalConstraints”: [],
“"Deployment”™: {
”Actions”: |
{
”ROLE”: “MACHINE” ,
”"START”: {
/+ This script is installing the application on the machine =/
/+ and generates the input data to process.
”Script”: “http://public.rennes.grid5000. fr/  aiordache/harness/apps/
adpredictor/adpredictor_install_script.sh”,
}
}
I,

“EnvironmentVars”: {
"$INPUT_DIR” : "%argl”,
”$OUTPUT.DIR” : “%arg2”

}

I8
”Activation”: {

"TARGET” : {

”ID” : "MACHINE” ,
"USER” : “root”
}

]

}

xecuteCMD”: “java uk.ac.imperial.adpredictor. AdPredictor %argl %arg2”

}

/**************************************************/
/#% Description of the MapReduce implementation  #:x/

”ImplementationID”: 727,
"ImplementationName”: “MapReduce Implementation”,
”Arguments”: [

”ArgID”: "%argl”,

”ArgName”: “Input data path”,
»Type”: *STR”,
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”InitValue”: ”/user/hadoop/input”,
”Values”: [ ”/user/hadoop/input” |

~—

7ArglD”: "%arg2”,
”ArgName”: ”Output data path”,
”Type”: ”STR”,
"InitValue”: ”/user/hadoop/output”,
”Values”: [ ”/user/hadoop/output” |
}
1,
”"Resources”: {
"Roles”: [ "MASTER”, ”SLAVE” |,
”Devices”: [
{
”Role”: ”"MASTER”,
"Type”: VM’ ,
"Num”: {

”Performance”: {

"RAM” : {
”Value”: "%master_ram”,
”Range”: [ 1024, 4096 ]

o

”Cores”: {
”Value”: "% master_cores”,
”Range”: [ 2, 4 |

ddresses”: "% master_addresses”

}

”»

”Role”: ”SLAVE”,
"Type”: "VM’,

"Num”: {
”Value”: "%slave_num?”
I
”Performance”: {
"RAM” : {

”Value”: "%slave_ram”,
”Range”: [ 2048, 4096 ]
o
”Cores”: {
”Value”: "%slave_cores”,
”Range”: [ 2, 8 |
}

5
ddresses”: "%slave_addresses”

}
}
I,
"MinBandwidth”: 200"

}

”

lobalConstraints”: ["%slave_num >= 17], /+ requires at least one slave
machine =/

”Deployment”: {
”Actions”: |

”"ROLE”: ”MASTER” ,
”"START”: {
”Script”: “http://public.rennes.grid5000. fr/” aiordache/harness/apps/
adpredictor/start_hadoop_master_processes_and_install_adpredictor.sh”
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Fo
”STOP”: {
”Script”: “http://public.rennes.grid5000. fr/” aiordache/harness/apps/
adpredictor/stop-hadoop_master_processes.sh”

}
e
{
”ROLE”: ”SLAVE”,
”"START”: {
”Script”: “http://public.rennes. grid5000. fr/” aiordache/harness/apps/
adpredictor/start_hadoop-slave_processes.sh”
e
”STOP”: {
”Script”: “http://public.rennes.grid5000. fr/” aiordache/harness/apps/
adpredictor/stop_-hadoop_slave_processes.sh”
}
}

15

”EnvironmentVars”: {
"$MASTER_IP”: "% master_address”,
”$INPUT_DIR”: “%argl”,
”$OUTPUT.DIR” : “%arg2”

}

ctivation”: {
"TARGET” : {
”ID”: "MASTER” ,
”USER”: ”hadoop”

}

”

}

”ExecuteCMD”: “hadoop jar MRAdPredictor.jar MRAdPredictor %argl %arg?2”
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6 Conclusions

This report describes a specification language for application manifests and SLOs in the HARNESS
platform. These languages allow developers to easily describe the specifics of their applications, including
multiple alternative implementations and their respective needs in terms of cloud resources. Similarly,
cloud users can easily request application executions while specifying their expectations of performance
and execution cost. Both types of documents are encoded in JSON, which makes it trivially easy to
generate and parse in any programming language.

Although these two languages may slightly evolve in the future, if the need arises, we plan to keep
such specifications as simple as possible for application developers and cloud users.
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