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Abstract— The increasing adoption of mobile services is still limited by the battery life limits of mobile devices, which constrain the further diffusion of advanced services like context-aware services. Context-aware services aim at automatically personalize service behaviour depending on user’s data. Such information, called ‘context’, is gathered through different kind of sensors available in many mobile devices, and then analysed to infer user preferences.

The precondition to the wide deployment of context-aware services is an optimal power consumption, and we propose a more dynamic and flexible adaptation mechanism for optimizing battery consumption in mobile devices. 

In this paper we define policies based on battery consumption profiles, which are selected according to modifications in the context information. Moreover, an automatic consumption testing mechanism is introduced to provide a reliable validation of the context-aware application in terms of energy efficiency.

Keywords: Context-Awareness, energy consumption, mobile device

 Introduction

The increasing proliferation of mobile devices and the intention of defining universal standards related to the mobile market, motivate many companies to implement context-aware standards, with the purpose of stimulating a rapid and wide adoption of a variety of useful applications. The implementation of context-aware services results in benefits to the end-users, such as the provision of easy interoperability across operators and mobile terminals.

Context data is any information that can be used to characterize a specific entity situation [2]. A context-aware system has to be able to combine all contextual information, which is related to the bounded environment. In this way it is able to describe the actual situation, by determining automatic behavioural variations or notifying the user about some specific event. This kind of system has to be constantly in execution to gather raw data and execute different types of operations based on context reasoning.

Context-Aware services are a way to collect contextual information through automated means. With a wide range of possible user situations, it is important to have a way for the services to adapt appropriately, in order to best support specific energy consumption scenarios. A system is context-aware whether it uses the context to provide relevant information and/or services to the user, where relevancy depends on the user’s task.

Many approaches are not completely dynamic, flexible or effective when we need to automatically match battery consumption requirements in differing contexts.  A Context-Aware energy consumption system has to be flexible and able to react to variations in the environment.

Many features of modern devices like high processor speed, more efficient displays, more powerful data storage and WiFi/GPRS/UMTS network adapters, considerably influence their energy costs.

Current energy consumption approaches are not able to implement energy-aware self-adaptation because they do not consider aspects related to context management policies. 

The context can be used to find a better energy consumption performance as well as implementing proper consumption behaviour policies. An energy-aware system has to deal with: 

(1) sensing to detect contextual information,

(2) adaptation to execute or modify energy consumption behaviour automatically based on the current context, and 

(3)  resource discovery to locate and exploit resources that are relevant to the user’s context. This information is the input of energy consumption policies, which define when to enact automatic reconfiguration.

It is fundamental to include the battery charge state in the adopted optimization strategy. It is also indispensable to respect the following fundamental principles in order to reduce the energy consumption to the lowest possible level: 

(1) less work requires less energy,

(2)  event programming avoids polling,

(3)  multi-core environment programming, 

(4)  avoiding periodic timers and 

(5)  implementing scalability.

A context-aware application has to be able to minimize its operations in situations where the device is running out of energy [11]. 

In order to cut the device runtime operations, it is important: 

(1) to modify the algorithm in order to reduce the operations that have to be carried out to a minimum,

(2) improving the compiler in order to introduce optimizations based on the processor and 

(3) preferring a compiled and optimized code instead of interpreted one
.


Nowadays, operative systems for mobile devices provide different kind of APIs to check the battery state (e.g. battery charge percentage, battery technology and temperature). Software components can be notified whenever battery state changes.

The energy-aware application that we are going to introduce in the next section uses certain resources (i.e. GPS, Bluetooth) related to different kind of operations that have a high impact on energy consumption. 

More specifically, this application, called gLCB, is based on a typical context-aware architecture and hopes to improve a previous version of a component called Local Context Broker [12]. 

The proposed application implements new features which focus on reducing the energy consumption by avoiding the execution of redundant operations. 
The rest of this paper is organized as follows. Section II describes the main characteristics of Context-Awareness. Section III describes characteristics of the architecture and the components of the application, Section IV describes validation and results, section V includes related works and finally, Section VI includes conclusions and future work.

Context-Awareness

The gLCB application is responsible of retrieving context information via the device hardware sensors and of delivering such data to a Context Awareness Platform (CAP) [12].  The CAP allows the collection of context data from the users’ devices. Context data can eventually be processed by other components of the platform and become higher-level context information (e.g. GPS coordinates can be translated into a civil address). This process is called reasoning. 

Figure 1 describes the functional architecture of a CAP and highlights how context is transformed from raw data into high level information and finally exposed to external applications.
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Figure 1. Architecture of a Context Awareness Platform

Context Capturing Level

In this level, low-level context data are retrieved from the available device sensors (e.g. GPS, phone, Bluetooth, wifi, etc) and aggregated. The aggregated data are then asynchronously transferred to the CAP. This layer of abstraction collects context data in a fast and economic way, in order to integrate heterogeneous information sources and consequently supporting various protocols and different kind of data formats. This is the layer where the applications like gLCB act.

Context Analysis Level

gLCB captures the low level representations, which may not be meaningful to applications, and sends them to the Context Broker. The CAP will modify this information in an high-level representations which are easier to interpret and to use (e.g., an address is more significant that GPS coordinates). In context aware architectures, the reasoning component elaborates raw data and generates high-level information. The reasoning process may require significant computational effort and is usually not run on mobile devices.

Besides reasoning, the CAP may also try to learn user behaviours: this technique is known as learning. Learning usually involves the analysis of a context history database and may be executed offline or online. Offline learning is a batch process, which runs periodically (daily, weekly,) and is applied to the whole context history. Online learning is executed at every context change and receives continuous feedback.

Service Integration Layer

This layer exposes context information towards the service platforms via API. The interfaces exposed by the CAP also allow third party applications to provide context data. The actors involved in the CAP are:

· Context source: a component, which feeds context data into the CAP. A source typically provides raw data;  

· Context consumer: a component which uses context information (e.g. an application);

· Context provider: a context source which is also capable of producing higher level information by acting as a consumer of raw data and a source of high level information; 

· Context broker: the component, which stores context data.

A context aware application is a consumer of some subset of context data. Context Consumers can retrieve context via synchronous requests to the Context Broker or asynchronously by registering to context changes. This second scenario optimizes the allocation of resources and the network traffic, as applications do not need timers to poll context from the CAP and get triggered only whenever a meaningful context change takes place.

Energy-Aware Consumption Application

Energy Aware is a concept characterized by the quantity of energy that is used, what this energy is used for, where it comes from, the revealed effects (e.g. environment impact, resources consumption), and how it could be possible to take part in reducing energy consumption and its collateral effects.

The application is composed of a context broker and a context provider. More than one context consumer and context source can access the platform to request and send context data. Specifically the context data are sent from applications executed in mobile devices. In this way, it is possible to perform data mining and clustering operations in the data retrieved.

The application installed in the device has the task of gathering context information and sending it to the context broker. From 2006, client applications for Symbian (series 60 2nd Edition e 3rd Edition), Windows Mobile (2003, 2005), Windows 
Mobile Professional, Windows XP and Android, have been implemented.

The local context broker has the main purpose of gathering context data retrieved from the device, being the only interface to external components (e.g. data updating, data sending/receiving policies) and also towards other applications installed in the device.

System Architecture

The application developed for Android is based on two levels: the first one is associated to the local context broker, and the second one to the sensors layer. Each level establishes a communication channel to higher level by sharing an interface.

Mobile context-aware applications can rely on the local context broker in order to retrieve context data. In order to do so, the application is requested to bind to the LCB service; when the binding is established, the application can perform context queries which will result in the retrieval of context data from the current device (if the requested information is available locally) or from the CAP. 
The local context broker manages its sensors via a Sensor Manager (Figure 2). The Sensor Manager is responsible of discovering new sensors, and of the management of  their life cycle and of their settings. This component also exposes an interface which allows the local context broker to perform one-shot requests to the sensors or to subscribe to context data variations. Every sensor is installed as a service and runs in the background on the device.
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Figure 2. gLCB sensors management.
Critical aspects
It has been necessary to create a starting sensors mechanism to provide independence to the components involved during the execution of the application.

This independence is important because the number of sensors is always increasing and their test phase cannot depend on new gLCB versions. 
In this way the Android operating system is able to recognize each sensor as an independent application..

The other critical aspect concerns the way in which data are obtained from sensors. A possible solution should be the sequential scanning of every sensor and the consequent data publishing in the server side. 

This approach should introduce some critical problems mainly related to: 
(1) High device battery consumption;
(2) Static data search and data publishing based on specific movement
; 
(3) Redundant context data transmission;
(4) One single application including every sensor.

Limited Search and Publishing

Context data search and publishing are the most relevant stages related to the device battery consumption. The sensors that manage data provided by the operating system. (e.g. IMEI number, ringtone volume etc.) don’t reveal critical problems related to information management.
On the other hand, the scanning of new wireless nets, the near Bluetooth devices or the geographic position calculation, represent expensive operations in terms of energy consumption. These operations have to be limited where they are not necessary.

The first analysis reveals that it is necessary to provide the sensor with the possibility to understand whether the data context retrieved is the same as in the previous search. In order to provide this feature, it is necessary to avoid that, after a search operation, the data context is published without any kind of control.
Sensors Asynchronous Association

It was necessary to create a sensors starting 
mechanism that was not dependent on the main application starting mechanism. In this way, the new sensors are independent services associated with different starting components. Android recognizes them as independent applications. Every sensor is characterized by a component called BroadcastReceiver.

A BroadcastReceiver component is an independent class that intercepts a specific system message called Intent. The gLCB sends an Intent message every time it is executed. Every sensor, that is able to intercept the message, reacts by sending another Intent message to notify its presence to the gLCB. The sensor was designed to add its name to the response message. In this way, it is possible to associate an undefined number of sensors with the main application. The only restriction is that they must be installed in advance on the device.

Asynchronous Publishing Context Data

The other critical problem could arise whenever the sensors are scanned in a sequential way and data are published immediately after. As we mentioned before, it means duplicated data publishing and high battery consumption.

The solution to this problem consists in adding the possibility to execute data search to every sensor when a context variation is raised. This feature avoids the polling and introduces a specific mechanism based on events. Table 1 lists every available sensor and the events that trigger the data update on the server side.

Table 1. Sensors Events Description

	Sensor
	Description

	WiFi
	WiFi nets

	DeviceActivity
	Information about current applications running

	Location
	Geographical user position

	DeviceStatus
	Terminal publishing status

	Phone
	GMS or UMTS cell on which is connected

	Bluetooth
	Bluetooth neighbours

	Data
	Connectivity device info

	Call
	Call status


The CAP considers the context data’s expiration. In order to avoid the new context data availability once the one in the server is no longer valid, a timer mechanism has been included in every sensor. The timer is configured by the user, and defines how long the data, on the server side, is valid. When the data is no longer valid because the expiration is reached, a specific event is triggered as in case of context changes.

The timer is not enough to handle the asynchronous update. So it is necessary to avoid too frequent updates. To solve this problem, a user configurable parameter has been introduced.

Every time that a data update is revealed, the gLCB saves the instant of time that happened. At the next update, it compares the actual instant time with the previous one. If the difference between both data is less than the parameter value, the publishing operation is not performed.

For data localization, it is possible to obtain the records related to the user movements. It is necessary to find a good trade-off between data processing and energetic efficiency. In this way, it is feasible to maintain stable and updated data on the server side, available for the Context Consumer.

Update Policies

The customer is able to choose whether he wants to provide either detailed information, according to the device energy consumption, or less granular information in order to have greater battery autonomy.

Seven profiles have been created: VERY LOW, LOW, NORMAL, HIGH, VERY HIGH, AUTO and CUSTOM. Each one can change the gLCB behaviour in terms of context data searching and publishing. The user is free of selecting the profile he prefers. By using the CUSTOM profile, it is possible to decide the updating policy for every sensor. The AUTO profile, selects the actual profile from the previous ones according to the actual battery level (see Table 2).

Table 2. Auto Profile Behaviour

	Interval
	Profile

	Re-charger connected
	VERY HIGH

	100% - 86%
	VERY HIGH

	85% - 61%
	HIGH

	60% - 41%
	NORMAL

	40% - 16%
	LOW

	15% - 5%
	VERY LOW

	<5%
	LCB Switched off


As a result of the modifications carried out on the Local Context Broker, it is necessary to perform a specific validation, in order to verify whether the energy consumption decrease is significant.

For each configuration, this test has been repeated ten times. In order to facilitate the measurement consumption operation, a mechanism that allows the execution of more tests without the user participation has been created.

It has been possible to create a dynamic battery charger that allows starting or interrupting the battery charging, through a specific command sent from the device. This system allows configuring a charging interval and also to measure the time employed to finish it. It is possible to set up a group of configurations in such a way that at the end of every measurement, the device publishes the data received from the server, and starts the next measuring operation.

Application execution

Once the application starts, gLCB loads the configurations used during the last execution. If the execution is the first one the HIGH profile is triggered. For every sensor, it is possible to identify the update state, name, the time of the latest update attempt, and the outcome result. There are three possible outcomes: (1) Update OK, KO.net (no publishing because of net error) and KO.cb (no publishing because of context broker error).

After that, the actual used profile is displayed; the automatic profile selection is enabled; number of successful publications; date and time in which the application has been executed.
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Figure 3. A screenshot of the gLCB log activity

In figure 3, it is possible to identify that the user has 7 tasks in execution, the ringtone is enabled, new geographic position information was revealed, the battery level is at 56%, DeviceInfo and PhoneSensor sensors are enabled, and BluetoothSensor sensor is not enabled.

If there is not at least one enabled profile, AUTO mode will be activated.Only if the CUSTOM profile is enabled, and all these parameters are configured from the user. If a specific context variation related to the DeviceStatus is found when switching off the device, a publication will be carried out to the server. When such an event is verified, the server recognizes that the Local Context Broker is switching off itself and cancels every context data related to such device, in order to avoid that other eventual Context Consumers read not valid data.


Validation and Results

Battery consumption analysis has involved the measured time employed for getting completely empty the battery charge. The measures for every profile have been carried out and every configuration has been repeated ten times. The reference device is a Smartphone Samsung Galaxy connected to the net through HSDPA
.


Automatic validation

In order to facilitate the battery consumption measure, a special mechanism has been created that allows executing different kind of tests without user intervention. It has been possible by designing and implementing a dynamic battery charger that allows starting or cancelling the battery charging, by means of a command sent from the mobile device.
This special battery charger is called BatterySwitch and it has two usb ports: 


(1) One port is connected to a pc (USB PORT A), 


(2) The other port is connected to the mobile phone in order to manage the  

                  charge of the battery (USB PORT B) (Figure 4).
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Figure 4. BatterySwitch

BatterySwitch has a small firmware that can manage the supply of the USB port B, which will be connected to the mobile phone. 
It is possible to handle a bit sent by the pc, in order enable or disable the supply of the USB port B.
BatterySwitch is detected as a HID-interface once the user plugs it into a pc.

It is possible to interact with this kind of devices with a single file of configuration.
For this reason it is needed a program that will: 

(1) Be executed on the pc,


(2) Analyze the USB stack, 


(3) Detect the device,


(4) Send 0 to start charging the battery,


(5) Send 1 to stop charging the battery.

This simple program has another thread, which will listen to the 20248 port.

If another device opens a socket to the 20248 port and sends two special characters ('a' or 's'), the program will send the '0' or '1' bits to BatterySwitch in order to start or stop charging the battery of the mobile phone.

There is a particular activity that runs on the mobile device that allows the user to configure the needed parameters and start the measurement. Once these steps are performed, it is necessary to set up the type of measurement desired:

1. Battery Range Test: allows configuring both an interval that defines the battery charge and also the measurement to calculate the time employed to finish the charge.

2. Time Range Test: allows configuring the initial battery charge level and how long the application has to run. When the configured time is over, the percentage of consumed charge is indicated in that time range.

WiFi or GPRS/UMTS/HSDPA connection provides the communication between the mobile phone and the pc.
In order to obtain an acceptable number of measures to analyse the data, it is necessary to repeat the same test a specific number of times. In gLCB it is possible to test the duration of the battery by selecting the profiles from a menu and is also possible to initiate either emptying battery test or full battery duration.

The algorithm proposed for performing these tests is characterized by the following steps:

· Reaching the required battery level;

· Selecting the type of the test

· Start collecting the context data.

· Saving the time when the test starts
· Saving the time instant for every battery percentage level and saving the whole measure duration if the battery test is selected;

· Identifying the condition in which the test has to finish according to the type of test;

· Sending the obtained results to a web component installed on the server side. It is in charge of formatting the received data in order to be exported to tabular format for further analysis.

This algorithm has shown high efficiency in terms of automatic and repeated execution of sequential operations..

 Testing Scenarios

 The verified scenarios are characterized by the following configurations:

· Terminal in standby with WiFi, Bluetooth and GPS enabled (These resources are also enabled for the next test),

· Terminal gLCB running, context data searching every 180 seconds;

· Terminal with gLCB running and profile Very Low;
· Terminal with gLCB running and profile Low;
· Terminal with gLCB running and profile Normal;

· Terminal with gLCB running and profile High;

· Terminal with gLCB running and profile Very High;

· Terminal with gLCB running and profile Auto.

Analysis of Results 

When the chosen profile changes, the number of context data publications also changes. In table 3 the publications average per hour of every tested profile according to the average battery duration is listed.



According to the profile there is a specific searching activity that looks for performing one publication in the server side. Therefore, when the number of publication in the context broker increases, a battery charge decrement is verified.

The AUTO profile does not match this characteristic because it is based on the combination of the other sensors and supported by the actual battery charge.

Some hypotheses can be formulated according to the battery charge behaviour that has been tested with the new measuring features implemented. The battery average duration of the terminal used (Samsung Galaxy) in standby is 15 hours 33 minutes and 22 seconds. Evidently this result far below the information provided by the device manufacturer.

The battery average duration using the Very Low profile is 13 hours 8 minutes and 8 seconds: It means 16.45% less battery life. 

The results in Table 3 show information related to average battery life and the number of publications 
per
 hour for every available profile, and the battery life in standby configuration. 

Table 3. Battery Duration and Updates According to Profile

	LCB Version
	Profile
	#Update/hour
	Battery Duration

	StandBy
	-
	-
	15h 33min 22sec

	gLCB
	Auto
	7,54
	11h 41min 33sec

	gLCB
	Very Low
	1,25
	13h 8min 8sec

	gLCB
	Low
	1,32
	12h 7min 35sec

	gLCB
	Normal
	6,35
	9h 13min 6sec

	gLCB
	High
	8,48
	7h 55min 55sec

	gLCB
	Very High
	9,26
	7h 46min 30sec


Figure 5 shows graphics that represent the battery discharge behaviour, according to the profile.

The results show that the AUTO profile implements the best performance between publications per hour and average battery life. Evidently, the Normal profile has to be reconfigured because the differences between the Low profile and the High profile, in terms of battery average duration and publications per hour, are too big.
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Figure 5. Overlapping of discharge battery behaviour based on profiles.

The consumption measures we carried out do not consider neither battery quality and temperature, nor which resources are used by applications. All these factors just listed, will be available in the version 2.0 of Android. In this way, it will be possible to undertake a different approach to reduce the battery consumption by considering the usage of the single resource.

Related Work

In this section, we describe and discuss some solutions that provide support for battery consumption. Ravi et al. [15]propose a context-aware battery management approach: their system detects the phone battery level is low before the next charging opportunity is encountered. They use context information such as location to predict the next charging opportunity and define the battery life prediction based on a discharge speedup factor. They also propose a prediction algorithm, and evaluate this algorithm using traces of real users. There is also some literature on predicting user location based on mobility traces [9] [8].
Some researches propose adaptation based on the logic and the content. Several researchers focus on the logic adaptation of services [13], the service is represented by components; the adaptation is characterized by adding or replacing a component. In [1], authors are focused on content adaptation; a typical example of content adaptation is changing the service presentation depending on the context data. The data properties can be modified in order to adapt the service according to terminal capabilities, network capabilities and/or even user preferences.

Several approaches are based on the next rules: (1) energy consumption should be predicted to allow devices determine how they should behave, according to scarce or plentiful energy, and (2) context information can be used to predict energy consumption policies. Data from devices can provide important elements for reasoning and situation analysis. Additional context information and prediction algorithms help to detect and infer specific situations.

Prior research related to the limited battery lifetime problem is mainly focused on optimizing energy at different levels (e.g. hardware [17] and application layer [4]), including compiler-based energy optimizations [6]. Battery lifetime research has focused on analytical methods related to battery characteristics [14] [16].

In [11], the battery consumption concept is based on hardware power management for mobile computers. Other works are related to a single component, such as network [7], disk [3], and CPU [10]. These results consider mainly hardware components to reduce the energy usage through different kind of methodologies.
We propose some principles based on energy consumption to determine how mobile devices should behave conforming to context information that can be used to infer energy consumption policies. We also evaluate the effectiveness of our approach compared to a typical context-aware system in terms of energy consumption. The percentage of CPU usage, device temperature and the kind of technology, are relevant factors that can be further considered to improve the battery efficiency in order to reduce the energy consumption.

The main contributions of our approach are: (1) an analysis related to the battery consumption behavior of a typical context-aware application, based on different sensor configurations, (2) a way to reduce the battery consumption by controlling context-related operations, (3) a battery discharge analysis based on consumption profiles and (4) its validation in different scenarios.

To sum up, according to existing architectures, context-aware approaches are mainly based on collecting and sending useful context data to the server side, without taking into account how these operations are energy-consuming. The approaches mentioned before, differ from our approach mainly in aspects related to the energy consumption adaptation according to inferred situations [5]. We only recommend adaptation when context information analysis suggests to apply changes.
Conclusions and Future Work

The main goal of context-aware systems is to provide relevant information and/or services based on current user context. In this paper, we analyzed the battery consumption behaviour of a context-aware application, running in background in a mobile terminal. This analysis is based on different sensor configurations.

The battery consumption analysis has involved the time employed to run out the mobile device battery.

From the point of view related to the software reliability, we did not find any problems. The average battery lifetime, for the used terminal (Samsung Galaxy), in standby conditions, is around 15 hours 33 minutes and 22 seconds. 
On the other hand, considering the second Local Context Broker version, running in background and configured with Very Low profile, the average battery duration is around 13 hours 8 minutes and 8 seconds. It means 16.45% less lifetime compared to the result obtained in standby conditions.


Since the behaviour of a mobile terminal in motion is not predictable, because the network signal received is not stable, it could be possible that, in order to receive such signal, the terminal requires more energy.

The mentioned problem, involves a situation where a measurement error could be introduced. In order to reduce this error, it is necessary 
repeating the testing procedure several times to guarantee a minimum error. Considering the obtained results, we have provided information related to the battery average discharge-time and also the number of context updates per hour.

These results have been associated with every profile and the battery duration in standby conditions, as reference point to compare how efficient is the proposed approach. The results show that AUTO profile provides the best performance. The Normal Profile has to be reconfigured because there are big differences, in terms of average battery duration and context updates per hour, with the Low profile.

The implemented improvements in the first Local Context Broker version will be considered as a reference point in further extensions of the actual work. There are still many factors that have to be analyzed, in order to make the second Local Context Broker version more efficient.

The new available features for the developer, such as CPU usage percentage, battery temperature, technology and voltage, can also be used to reduce the energy consumption. A big limitation of Android 1.5 is the lack of libraries to manage the Bluetooth component. The geographic position variation is a service provided by the operative system.

A critical situation 
is when the terminal remains at the same place for long time. It would be interesting identifying this situation and make the application reacts according to the inferred context.

Even if the discharge battery measuring operation needs a very complex system, at this moment it is not possible knowing which resources provoke a higher energetic consumption.

By using the new operative system features, it could be possible evaluating how long and how many resources the application uses. It could be possible improving even more the efficiency of the actual Local Context Broker by considering the single resources.

We also discuss the main characteristics of context-aware approaches related to the battery lifetime problem that are mainly focused on optimizing energy at different levels.

In particular, we analyzed some principles based on energy consumption to determine how mobile devices should behave according to scarce or plentiful energy, and how context information can be used to infer energy consumption policies. These aspects are important for improving the efficiency of context-aware systems in terms of energy consumption.

Based on our findings, we propose an evaluation of the effectiveness of our approach compared to a context-aware system previously developed in terms of energy consumption for empirical studies.

There are still many relevant factors to improve the battery efficiency, mainly related to new available features (e.g. percentage of CPU usage, temperature and technology), in order to reduce the energy consumption.

As future work, we see many ways in which this work can be extended; we would like to explore the robustness of the results across diverse platforms, in order to provide a higher range of context-aware mobile applications studied.
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�Era una ripetizione


�I layer descritti mel teto devon comparire anche in figura e non si capisce da figura cosa e’ sul cellular e cosa e’ sul server: magari solo un rettangolo intorno ai component di sx ?


�Aggiungere references 


�Chi sono? Riscirivete megli och non capisco cosa volete dire..


�Quali?


�Non si capisce…


�Di cosa?


�Non mi pare saggio dire che il lavoro e’ una miglioria di un sistema esistente… per venderlo meglio, diciamo che e’ un nuovo sistema creato per risolvere problem A, B,C ?


�Non speigate perche’ cio’ e’ necessario, una figura con architettura android potrebbe servire ?


�Rif bib?


�Forma passive…


�Cosa vuol dire?


�E’ il termine tecnico corretto per la pubblicazione di eventi?


�Penso di si ma non sono sicuro


�Riscrivere meglio


�Spiegare perche’ critical
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