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Why are Selfies Popular?

I People are keenly aware of their own situation

I They are aware how they are perceived by others

I They want to project a specific self-image to others

I In Nature Self-Awareness is functional



Trends

I Many new technologies under
development

I Heterogeneity and Specialization

I Integration with the physical world



3D Stacking

Micron 2014: 4 GB package, 4 dies stacked in a 31× 31mm2

package



Emerging Technologies

I 3D Stacking

I 3D Transistors

I Phase Change RAM

I Spin Torque Transfer
RAM

I Memristor

I Hybrid Memory
Architectures

I Carbon Nano Tubes

I Organic Electronics

I Functional Materials

I ...





Non-Invasive Monitoring

Source: MIT Media Lab
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630BI All things contain silicon; The SoC is the atom of IoT.

I Many different things; heterogeneity prevails.

I Once deployed, they must work.

Source: Cisco



How can we make the Things work
in the presence of

I Aging effects ?
I Increasing probability of faults and failures ?
I Impossibility of thorough validation and test ?
I Impossibility of maintenance ?
I Partially unknown environments ?
I Changing environments ?
I Changing expectations ?

There are endless possibilities, but who will design, operate,
and maintain those Things?



We should make the Things smarter !

Self−Optimization

Self−Healing

Self−Protecting

Context AwarenessSelf−Awareness

Self−Configuration

Self−Adaptiveness

The hierarchy of self-* properties in autonomic computing.



What is Self-Awareness ?

I Is it fault-tolerance? No

I Is it adaptation? No

I Is it self-monitoring? No



Self-Awareness - A Working Definition

Self-awareness of a system is the capability to cor-
rectly assess the system’s own behavior and perfor-
mance (self-monitoring or self-awareness in a narrow
sense),

the environmental context and events
(situation awareness),

and to focus the system’s activities and resources
(attention);

all that with proper regard to given
goals and expectations.



Example Approaches

I HAMSoC: Hierarchical Agent Monitored Systems on Chip

I SEEC: A Framework for Self-Aware Computing

I CPSoC: A Sensor-rich SoC Platform



HAMSoC - A Hierarchical Agent Monitored System on
Chip

I Self-monitoring design platform for multi-core SoCs
I Three levels of agents: cell, cluster, platform
I Dedicated design layer for self-awareness and adaptivity
I Application: Power management in NoC based multi-core

SoC

Liang Guang, Ethiopia Nigussie, Pekka Rantala, Jouni Isoaho, and
Hannu Tenhunen. “Hierarchical agent monitoring design approach towards
self-aware parallel systems-on-chip”. In: ACM Trans. Embed. Comput. Syst.
9.3 (2010), pp. 1–24
Liang Guang. “Hierarchical Agent-based Adaptation for Self-Aware
Embedded Computing Systems”. PhD thesis. Turku, Finland: University of
Turku, 2012



HAMSoC - A Hierarchical Agent Monitored SoC



HAMSoC - A Hierarchical Agent Monitored SoC



HAMSoC - A Hierarchical Agent Monitored SoC



HAMSoC - A Hierarchical Agent Monitored SoC
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HAMSoC - A Hierarchical Agent Monitored SoC



HAMSoC - A Hierarchical Agent Monitored SoC



HAMSoC - A Hierarchical Agent Monitored SoC



SEEC - A Framework for Self-Aware Computing

I The applications specify goals
I The platform provides possible actions
I SEEC monitors the application and decides upon actions
I Observe - Decide - Act based control loop

Henry Hoffmann, Martina Maggio, Marco D Santambrogio, Alberto Leva, and
Anant Agarwal. Seec: A framework for self-aware computing. Tech. rep.
MIT-CSAIL-TR-2010-049. Cambrige, Massachusetts: MIT, Oct. 2010



SEEC - A Framework for Self-Aware Computing



SEEC - A Framework for Self-Aware Computing

x264 encoder with 30 frames/sec performance goal.



SEEC - A Framework for Self-Aware Computing

Roles in the SEEC development framework.



SEEC - A Framework for Self-Aware Computing



SEEC - A Framework for Self-Aware Computing

Application examples



SEEC - A Framework for Self-Aware Computing

Frequency scaling for the swaptions application (PARSEC
benchmark)



SEEC - A Framework for Self-Aware Computing

Core allocator for swaptions



SEEC - A Framework for Self-Aware Computing

Power manager (DRAM controllers, number of cores,
frequency) for swaptions



SEEC - A Framework for Self-Aware Computing

Memory allocator for STREAM (PARSEC benchmark)



SEEC - A Framework for Self-Aware Computing

Adaptive video encoder



CPSoC - A Sensor Rich SoC Platform

I Sensors and actuators at five layers:
I Device/ circuit architecture
I Hardware architecture
I Network/Bus communication architecture
I Operating system
I Application

I Observe-decide-act paradigm
I Codesign of control, communication and computing

Santanu Sarma, Nikil Dutt, N. Venkatasubramaniana, A. Nicolau, and
P. Gupta. CyberPhysical-System-On-Chip (CPSoC): Sensor-Actuator Rich
Self-Aware Computational Platform. Tech. rep. CECS Technical Report No:
CECS TR–13–06. Irvine, CA 92697-2620, USA: Center for Embedded
Computer Systems University of California, Irvine, May 2013



CPSoC - A Sensor Rich SoC Platform



CPSoC - A Sensor Rich SoC Platform



CPSoC - A Sensor Rich SoC Platform



CPSoC - A Sensor Rich SoC Platform

Virtual sensing reduces the area overhead for 1000 sensors
from 7.3% to 0.6%.



CPSoC - A Sensor Rich SoC Platform

Virtual sensing reduces the power overhead for 1000 sensors
from 1.7% to 0.3%.



CPSoC - A Sensor Rich SoC Platform



Are these systems aware ?



The Benefits of Awareness

I An aware system always tries to
meet its goals even if

I The environment changes
I The system changes

I It can even adapt to changing
goals.



Self-Awareness for Resource Constrained,
Insect-like Gadgets



Properties of Awareness

I Not all information is necessary
I More information does not imply more

awareness

I Raw data is interpreted/abstracted
I Data interpretation is “meaningful”
I The drawn conclusions are “robust”
I The reaction is appropriate



BioPatch: Temperature Sensor

measured
temperature



< 20 → person is dead
in [20,32] → alive, life threatening
in [32,36] → worrying, not life threatening
in [36,37] → normal
in [37,37.5] → elevated, not worrying
in [37.5,39.5] → fever
in [39.5,43] → high fever, life threatening
> 43 → person is dead



Abstractions and Models

Abstraction: Mapping of Measurements⇒ Properties



Abstractions and Models

Property

Condition:

Temperature

Body

AttachedToBody:

True

Abstraction

Sound

Voltage

Sensors for

sensor: 36.6 C

Temperature

Normal (36.6 C)

Humidity

A

A



Disambiguation

Selection among several interpretations

Measured data Property

Abstraction

Disambiguation

Semantic Interpretation

A

A

A

A D

D

D

D



Desirability Scale

A value range that captures the
desirability of something

Disaster

VeryUndesirable

Undesirable

SomewhatUndesirable

Neutral

SomewhatDesirable

Desirable

VeryDesirable

Fantastic
+1

−1

0

Semantic Attribution maps the values of a property to a point in
the desirability scale.



History

History of a Property The evolution of the values of a property.

Abstracted History The history stores abstracted values.

Attributed History The history is annotated with attributions.

Fading History If the property values are more abstracted the
longer ago they have occurred.



Sensors and properties of the BioPatch

Sensors for

Voltage

Humidity

Sound

E−Body

H−Body

S−Body

Attached
ToBody

Condition
Temperature
Body

/Worsening
/Improving
Stable

Sensor

Temperature

A

D

D

D

D

A

A

D



Expectations

Expectation on Environment
I all implicit and explicit assumptions about the

environment;
I a value range for each of the monitored

properties.

Expectation on Subject
I all implicit and explicit assumptions about the

subject;
I a value range for each of its monitored

properties.



Goals

Sub-Goal A sub-goal of the subject is a desired value range
of a property of the subject or its environment.

Goal A goal consists of one or several sub-goals.

Purpose The purpose of a subject is to achieve all its
defined goals.



Inspection and Simulation

Self Inspection Engine is a mapping from a set of properties
onto a desirability scale;

Model Transformation Given a model and a set of actions, a
transformation applies actions and derives the
new values for all properties.

Simulation Given a model and a set of potential actions, a
simulation is a sequence of transformations
applied onto the model resulting in a new, updated
model.



Awareness of a Property

I The subject makes observations and derives the property
by means of a meaningful semantic interpretation
(Meaning Condition).

I The semantic interpretation is robust (Robustness
Condition).

I There is a meaningful semantic attribution into a
desirability scale (Attribution Condition).

I The subject reacts appropriately to its perception of the
property (Appropriateness Condition).

I A history of the evolution of the property over time is
maintained (History Condition).



Awareness of a Subject

I The subject can assess how well it meets all its goals
(Goal Condition).

I The subject can assess how well the goals are achieved
over time and when its performance is improving or
deteriorating (Goal History Condition).



Levels of Awareness

Level 0 - Functional: Be-
haviour is an immediate func-
tion of input.

outputinput

Level 1 - Adaptive: Output is
an adaptive reaction to the input
and a reference value (PID con-
troller).

outputinput error

Reference

Values

PID



Levels of Awareness

Level 2a - Self-aware: Sys-
tem represents some of its own
properties and its environment
as an abstraction. The mod-
els are related to desirable ref-
erence points.

outputinput

Subject
Model

ExpectationsExpectationsEnvironment

Model

Level 2b - Goal-aware: Sys-
tem assesses its own perfor-
mance with respect to goals and
expectations.



Levels of Awareness

Level 3 - Predictive: System
can simulate the effect of future
input and of its own actions on
the Self-Rep and the environ-
ment.

Simulation

outputinput

Subject
Model

Expectations

Environment

Model

Subject Model

ExpectationsEnvironment

Model

Level 4 - Group-aware: Sys-
tem is aware of its peers and
how it is perceived by them.



BioPatch Example

H−Body

S−Body

AttachedToBody

E−Body
/Improving
/Worsening

Stable

TemperatureSensor

VoltageSensor

HumidtySensor

SoundSensor

TemperatureDisplay

ResponseDecision

AudioAlarm

Explanation

InspectionEngineHistoryEngine

T−Body

TempAttrib

VisualLevel

VisualChange



BioPatch Example

BioPatchModel-VClip.ogv


BioPatch Monitoring



BioPatch Monitoring



BioPatch Monitoring



Summary of Self-Aware Properties

I Awareness and self-awareness are useful properties
I Aware systems meet their goals, even when

I the environment changes,
I the system changes.

I It adapts to changing goals.
I Necessary features:

I Data abstraction
I Disambiguation
I Desirability mapping
I History maintenance
I Expectations and goals
I Self-inspection
I Prediction and simulation

We are not there yet!



Challenges

I Application specific selection and tuning of features
I Online learning and adaptation
I Efficient implementation
I Expression of "correctness"
I Validation of a smartly adapting system
I Tradeoff analysis for smartness features
I Quantification of uncertainty, dynamicity and variability in

the platform, the environment, and the applications?
I Shall we replace conventional specify-design-validate

methodologies by a provide-smartness-and-set-objectives
paradigm?



Questions ?


