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R project is investigating:

dapt/ve Embedded Technologies for
“____a_SIve Computing Architectures

What does this mean?

, “self-adaptlwty means scheduling concurrency
~ dynamically onto any available resources

~ = pervasive architecture means dynamic
resource availability

* |.e. processing agents going on/off-line at run time
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d based models are good for this but..
entatlons are generally slow (SW schedullng)

lemented in HW
single instruction

= eae to a complete

—

iy
e ——

— Synchronising memory - to drive tl'pe schedulers
— context management - support for concurrent contexts
— resource management - where to execute threads
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R will use the microthreaded model at the
levels of system interfacing

|gned to be implemented in HW with the
follo mg characteristics:

_r

=

__F;'- — :5Iock/ng threads - supports data-driven execution

IF_'—"-'

— —— fam/lles of threads - heterogeneous or homogeneous
= ~ f/ne-gra/n synchronisation - between threads (in a family)

— bulk synchronisation - between families
— pre-emption - only of families not individual threads
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~ Dynamically-allocated
synchronising memory

Asynchronous shared memory

uses weak consistency using bulk synchronisation
locations written by a family are defined
only on termination of the family

Dynamically-allocated
synchronising memory

maintains dependencies between
operations in concurrently executing
threads and in operations on values
read from shared memory

Thread-based models of concurrency 5

Shared memory can be implemented as
true shared memory or local memories
with communication - there are no
guarantees on latency

A family of threads

Synchronising memory would be
implemented as register files or
handshaking on signals
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Queue of
active threads

hreads give a means to
atency as long as there are

| th reads Issue ir'ructions Reschedulg@nreads
d proceeds only while its
] -"_?* ons have data to process Synchronising
.' -_.-.:*«f- rW|se the thread suspends and memory
—— A-E;E o) her is executed blocks threads
-;-;—_ e — opportunltles for power conservation
= = requires locations in synchronising Rea0 o i s
— _'-L — memory for many suspended threads
— Execute
instructions

Tihis isidata-driven dynamic scheduling
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Wlireaads: are. traditionally.treated. as inadividuals

capture reqularity and interconnectedness
threads and this concept helps in managing
;- ind locality

_.a simple analogy to a loop in the sequential model

itis the family which maps computations to resources
;—J = 'ﬁémically-counted threads are distributed to resources
"3'—’-*-4t it has mission goals attached - e.g. power, performance, etc.

= It is the family that supports dynamic adaptation
— a family is parameterisable and pre-emptable
— only a parent and its family may synchronise with each other

* |t is the family that manages main memory consistency
— a family’s 1/O is to asynchronous shared memory
— family termination synchronises shared memory
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ces are owned or leased by a thread for a period

2 arent thread has exclusive access to a group of
-, ~. sors for the execution of its fam|ly of threads

'” —

afesources may also be shared between families
= Resources are acquired by negotiation with a resource

e - "‘-—'-.

= manager or hierarchy of managers

— -

; Threads relinquish resources at termination of a contract

=~ — may have to force a termination for delinquent threads

* Families are identified by a place and an id at that place

— pre-emption and forced termination require collective operations
on families hence the requirement for identification

ﬁ-?
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/ delegation provides the high-level
anism for adaptation
IS at the software-hardware boundary

- -
’_'l

t 'ad acquires resources and delegates the

_-q'_

-: ution of a family to those resources

_.—

f this is a communication of data, code or both from the
~ thread creating the family to the device executing it

— It also provides synchronisation on shared memory

==
r—
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/ implementation provides the low-level
ainism for adaptation

‘adaptation within the hardware platform

A family utilises its resources to optimise its
~ mission goals, such as performance, power
~dissipation, etc. e.g.

———

—

~ = executed on a conventional processor

- — executed by power-aware, data-driven J-processors
that support this thread/family model

— executed by various paradigms on reconfigurable HW

'l:;}ju .
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ation of the execution of a family can be
med in a different environment
xample from chip to chip in a system

‘-'a' obal environment such as GRID

én ambient environment with ubiquitous resources

: oro ocols are required to manage acqwsmon
: d_elegatlon and implementation for a given

’enwronment, e.g. for:

— low-level synchronisation
— negotiation and delegation
— supporting a bulk-synchronised shared memory model

_— -
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threaded C is a simple extension to
 language supporting this model
pports constructs to:

— -Create families of threads

S 5= -+ Break from within a family so that any thread can
= = - dynamically terminate its family

— Sync on termination of threads in a family

— and from an concurrent control thread
* Kill or pre-empt a running family (called Squeeze)

-
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~ompiler..

-

eveloping a compiler from uTC using gcc -
mpller platform 1

_.'j;:- IS binary code for simulations of power-aware, data-
;Zl processors that support this thread/family model

e same front end can be used for other targets, e.g. compiling
= - == “FPGA perhaps via other languages (e.g. Handel-C)

._ér—'

= V e are also developing a compiler from C to uTC, so
—that code can be automatically parallelised for this
- _model, using CoSy - HIPEAC compiler platform 2
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d models are good for adaptive computing
ieed hardware implementations where

-'a're dynamically created and scheduled

ds wait for their data - perhaps indefinitely
e ilies are a grouping of threads

. :.f_émllles capture regularity and locality of communication
= ——— - — families have collective properties such as mission goals

= —_ families provide mechanisms for adaptation
- * in their implementation
* by delegating them to dynamically acquired resources

= _5,‘..
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