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ORIGINAL RESEARCH
QUESTION

e Can hardware multithreading be made
cheaper and at least as effective than OoOE
at tolerating fine-grained latencies on single
cores, including memory loads and FPUs?

e Answer: yes!
* Long answer: yes, but...

e Jt's been 10 years, and we’re still working
on that one. But so are others!
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concurrent code running on multi-cores?
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UPDATED RESEARCH
QUESTION (2008)

e Can hardware concurrency management
provide more efficient and cost-attractive
support than software-based approaches for
latency tolerance in general-purpose
concurrent code running on multi-cores?

* Answer: yes!
e Long answer: yes if combined with DRISC.

e “Generality” is still poorly understood.
How general is DRISC?
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D-RISC “blue prints”
(UTLEONS3, Mike’s theses,
MGSim’s core model)
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instruction that entails both operations immediately one after the

cution.
Rationale: We distinguish them because only the ¢
chronizing read is constrained, as described below.
1 We will denote “zs(0)” for “any operation that is either a r., ry. q,
on 0.”
5 All s operations are atomic, even across threads: Vo, Vws(o),Va
as'vas' > xs
6 “Finish read” operations synchronize with writes the first time after
Ve(o), Vrp(o)ie~rpa(Be’se~e ~ryp), Yw(o,v) e ~»wa(Fuw
eieme sw), weary
7 The effect of executing an unprovisioned “finish read” operation is

ry such that e ~ 1y A (3 w: e~ w ~ ry) may not complete, trigge
deadlock or effect some other unspecified behavior.

8 Each read rf(0) evaluates to the value v € V stored by the most 1
cording to ~: Vr(o),Vw(o,v) (Fe(o):w~e~r)a(Pu:
r(o) yields v

9 Each query q(0) evaluates to the value v € V stored by the most rece

ino tn s if anu ericter nthoruicen i o if thors ic na lact a0 ar if tha lac

D-RISC “blue prints” Protocol specifications

(UTLEONS3, Mike's theses, For concurrency management
MGSim’s core model) and memory consistency in hardware
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D-RISC “blue prints”

(UTLEONS3, Mike’s theses,
MGSim’s core model)

1.5.9.1 Thread function definitions
Syntax
thread-function-definition:
sl_def ( identifier [, aftribules,p -
[, thread-parameter-list Jope Jope )
compound-statement
sl_enddef
erternal-declaration:

thread-function-definifion

Constraints
1 The identifier in thread functions definitions is in the same name sp
and function names. Therefore, [I199, 6.9§3] and [I111b, 6.983] apply.
2 The constraints in Appendix 1.5.7.6 apply.

Language specifications

For intermediate representations
able to target “any SVP implementation”

o

-

instruction that entails both operations immediately one after the
cution.
Rationale: We distinguish them because only the ¢
chronizing read is constrained, as described below.
We will denote “zs(0)” for “any operation that is either a r., ry. q,
on 0.”
All s operations are atomic, even across threads: Vo, Vws(o),Va
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Ve(o), Vrp(o)ie~rrn(Be’ie~e ~rp), Yw(ow)ie~wa(Rw'
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ry such that e ~ 1y A (3 w: e~ w ~ ry) may not complete, trigge
deadlock or effect some other unspecified behavior.
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1.5.9.1 Thread function definitions
Syntax
thread-function-definition:
sl_def ( identifier [, aftribules,p -
[, thread-parameter-list Jope Jope )
compound-statement
sl_enddef
erternal-declaration:

thread-function-definifion

Constraints
1 The identifier in thread functions definitions is in the same name sp
and function names. Therefore, [I199, 6.9§3] and [I111b, 6.983] apply.
2 The constraints in Appendix 1.5.7.6 apply.

Language specifications

For intermediate representations
able to target “any SVP implementation”

instruction that entails both operations immediately one after the

cution.
Rationale: We distinguish them because only the ¢
chronizing read is constrained, as described below.
1 We will denote “zs(0)” for “any operation that is either a r., ry. q,
on 0.”
5 All s operations are atomic, even across threads: Vo, Vws(o),Va
as’'vas' > ws
6 “Finish read” operations synchronize with writes the first time after
Ve(o), Vrp(o)ie~rrn(Be’ie~e ~rp), Yw(ow)ie~wa(Rw'
eieme sw), weary
7 The effect of executing an unprovisioned “finish read” operation is

ry such that e ~ 1y A (3 w: e~ w ~ ry) may not complete, trigge
deadlock or effect some other unspecified behavior.

8 Each read rf(0) evaluates to the value v € V stored by the most 1
cording to ~: Vr(o),Vw(o,v) (Fe(o):w~e~r)n(Fu:
r(o) yields v

9 Each query q(0) evaluates to the value v € V stored by the most rece

ino tn s if anu ericter nthoruicen i o if thors ic na lact a0 ar if tha lac

Protocol specifications

For concurrency management
and memory consistency in hardware

box NR : input.(fi), execenv.(e)

~ output.(fo), expectedbehavior.(b)
provided

let Sshape := { (Size, %, %) € Sfi }

U { (Dim, +) € $fi },

(CALReduce, x, (Size), 1, $s) € Sshape
use

$shape C $fo

(Sequential) € $e = (TimeComplexity, §s) € Sb
provided

(DataParallelism , $p) € Se

use

$s < 50 = (TimeComplexity, $s) € $b

§s > 50 =» (TimeComplexity, Ss / Sp) € Sb
end
end;

Listing 7: Passport for box NR, with parallel behav-
ior.

Resource models

and operational semantics

(Work in progress w/ UH)
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for discrete event-driven,
component-based
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Simple, configurable RISC model
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Configurable memory Embedded software
topology & protocol tool chain
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Sim framework

flexible configuration eé\}c & of

simulation traces

deadlock detection

Configurable memory Embedded software
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Sim framework
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MGSim framework
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[MGSimJarﬁework

Currently: “MicroGrid Simulator”
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Currently: “MicroGrid Simulator”

true, but it can do so much more!
(How I feel: “Mike’s Great Simulator”)
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Currently: “MicroGrid Simulator”

true, but it can do so much more!

(How I feel: “Mike’s Great Simulator”)

Proposal: “Mike’s Groovy Simulator”
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RESEARCH PATHS
USING MGSIM
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MICRO-ARCHITECTURE
DESIGN?

1. Perform research in design

2. Extend MGSim and software
infrastructure as needed to run new,
custom, parallel programs specialized
towards microgrids

3. Write new benchmarks
4. Run benchmarks

5. Get rejected because of lack of baselines...
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POSSIBLY: MICRO-
ARCHITECTURE OPTIMIZATION

1. Extend MGSim and software
infrastructure as needed to run existing
sequential programs without changes

2. Port / run existing benchmarks to
establish baselines

3. Perform research in incremental design
eg. WCB,
fault tolerance

5. Publish! etc.

4. Evaluate against baseline
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POsSsSIBLY: MULTI-CORE / MEMORY
DESIGN SPACE EXPLORATION

1. Port / import multi-core or memory-
intensive benchmarks

2. Automate simulation over range of core
or cache or topology parameters

3. Explore / analyze
4. (Validate against reference platforms)

5. Publish!
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IN SHORT: TWO-FACED
RESEARCH STRAGEGY

e Advertise MGSim as vehicle to study existing
architectures

e May attract researchers working on other architectural
problems

e Will attract code contributions / scrutiny

e Will stabilize the platform (I/O devices, OS code...)

e Use internally MGSim as vehicle to design new
architectural components (as we already do...)

e (Can then benefit from the reputation/confidence of #1

e Will capitalize on baselines / applications made
possible by #1
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FEEDBACK ON D-RISC
RESEARCH

e System features required to advertise as platform for
existing code:

e Exception handling / Traps

e Proper address translation (inspiration: SCC)

e Transparent I/O from any core (inspiration: SCC)
e These features are needed to develop DRISC as well!

o Will reflect on virtualizability

e Implementation of these features in MGSim must fit
the “DRISC vision”; likely to yield new designs for
exceptions/ MMU/IO; these are also publishable!
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WHAT ABOUT SVP?
MICROGRIDS?
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REMINDER FROM
DEC. 2011

THE NEW
SYSTEM

VIRTUALIZATION
PLATFORM

FoCcus SHIFT

Current and

“The one and future many core
only true T [EEESNERRE

Microgrid” | “improved”
‘ features

Concurrent RTS
optimization via

thin hw /sw
interfaces

MOTIVATION /
RESEARCH DIRECTIONS

* Platform / appllcatlon co-design

to answer the research g
u

c;1multaneou%lv evolving

both the platform and the program structure

towards one another”?

EVOLVED / REMAPPED
CONCEPTS

° ”the SVP model”

use one of the SVP mterfaces

* “the Microgrid architecture”
= an idealized hardware platform for which most
SVP interfaces are the thinnest

e “the SL system language”

= our current embedding of the SVP interfaces into.

the C language

donderdag 25 oktober 2012




UPDATED RESEARCH
QUESTION (2012)

e What type of concurrency management intelligence
in hardware best supports software OSes to run

general-purpose parallel workloads?

* Answer: probably looks like SVP.
(work in progress)

 Long answer: we can’t really know before we
evaluate more. There’s some new theory

involved too.

 “Generality” still eludes us. Also our audience

pushes hard for cost models and virtualizability!
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THE MESSAGE AT
DSD 2012

e “Microgrids” are components

* containing many simple cores and hardware
intelligence for concurrency management

e they can be placed as components
as part of larger Systems-on-Chip

e including multiple Microgrids side by side

e including heterogeneous chips with legacy
cores connected via the delegation network
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SVP AND MGSIM:
PROPOSED STRATEGY

“Thin SVP”
e MGSim + DRISC + Microgrid protocols
“Fat SVP”

e Software-managed concurrency using software scheduler —
Implement on MGSim as baseline

“Alternate SVP”

e New research: DRISC + alternate protocols in hardware to
manage concurrency
— Use MGSim to prototype, use singlethread MGSim baseline
applications for evaluation

Multiple realistic implementations side-by-side will enable more
convincing evaluation results.
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THE SAUCE TO BIND THEM
ALL AND MAKE THEM TASTY

e SVP delegation protocol and remote concurrency
management:

e Define/specify how components interact, not what they
are made of

¢ Use network-wise compatibility to define “interoperable
software” in an heterogeneous SVP platform

* Define cost models parameterized by SVP resource
characteristics

e Very sexy links to “the computer is the network” (90’s, still
popular) and “everything goes to the cloud” (2010’s, current
fad) and “green computing” (2010’s, likely future hot topic)
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WHEN TO RECOGNIZE
SUCCESS

e Able to produce speedup / improvement diagrams against
same-platform baselines across representative benchmarks

e If this fails, there is no business with SVP/Microgrids any
more!

e Able to write software using common SVP protocol, running on
heterogeneous platforms with respectable parallel performance

o If this fails, we must ditch SVP and refocus on DRISC!
(or go somewhere else altogether)

e Able to talk about behavior, performance and operational trade-
offs of concurrent code with an architecture-agnostic
vocabulary / methodology

e If this fails, it will still be very good research!
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HOW YOU CAN HELP
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SOME IDEAS

e Talk about MGSim as a go-to platform for
discovering / studying CA

e Extend/use MGSim to study memory behavior in
multi-core SoCs

e Ensure test/benchmark code compiles and runs using
the SL tool chain, even if it does not use SL constructs
(to ensure code compatibility with the platform)

e Make visualization tools for the data produced during
simulations

e C(loser integration / interoperability with Gem5?
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THANK YOU!
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