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TAKE-AWAY

e Abstraction level between RTL and TLM
(similar to SystemC)

e Focus on research on new architectures
(provided examples are research models)

* Free and open source

* Small and comprehensible by students
(bigger than SimpleScalar, smaller than Gemb5)

e Focus on full-system emulation
(more like Gem5 than SimpleScalar)
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MOTIVATION:
ENABLE DISRUPTIVE RESEARCH

e Disruptive research: ability to touch every aspect
(micro-architecture, NoC, memory, etc.)

e Friction to disruptive research:

e Many tools with different styles and licenses
= technical barrier

 Fragmentation of expertise between sub-areas
= human barrier

e Friction prevents no-holds-barred experiments and
mandates small incremental changes

* High-level functional simulation is easy and cheap but limited
to investigate realizability of new hardware designs
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REQUIREMENT: SMALL

e How small is “small enough”?

¢ BSc — know /understand all
abstractions involved

e MSc - know /understand all
interactions in framework

e PhD - know /understand the impact
of any change, anywhere in the code
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REQUIREMENT:
ACCURATE AND FAST ENOUGH

e How small is “too small”?
 Want: many-core, multi-clock, cycle-by-cycle

e Challenge:
sim: 21G cycles, 2100 cores
real: =1day, =100MB RAM

e Higher level than FUs too inaccurate
e RTL / Graphical / small-scale too slow
e Current cheap FPGAs too small for 2100 cores
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REQUIREMENT:
FULL-SYSTEM EMULATION
+ CIRCUIT-LEVEL SIMULATION

FULL-SYSTEM EMULATORS

EMULATORS SIMULATORS

SDF3Sim

CIRCUIT-LEVEL

SIMULATORS
Emulators: implement a software * Simulators: implement a
execution environment behavior model for components
= fully programmable platform and systems
used to develop, validate, * used to validate system designs
analyze and debug software and predict system behavior
Full-system needed when e Circuit-level needed when
disrupting the ISA and system disrupting the micro-architecture
topology or memory protocol
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MGSIM:
WHAT’S IN THE BOX?

Simulation framework (C++)
Library of example component models

Parameterizable example full system model
= “MGSim simulated platform”

Trace processing utilities (Python)
Documentation and (some) support

As an add-on (sister project):
C language tool chain + guest OS
for the MGSim platform
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SIMULATION FRAMEWORK
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EXAMPLE MODELS:

APPLE-CORE D-RISC

Micro-architecture: Components in model:
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= 6-stage in-order single-issue

with hardware multithreading
& configurable ISA
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EXAMPLE MODELS:
APPLE-CORE MEMORY NETWORKS
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EXAMPLE SYSTEM MODEL.:
MGSIM PLATFORM

| DDR Channel |[ DDR Channel | Graphical output (SDL)
11 11
[ Rootdirectory H  Rootdirectory |
‘ ‘ ‘ ‘ [ [ [ [ EMULATED
external PLATFORM
T T T T I I I I H /0
SMC .
w w w w { { { 4 | 1FPU + channel(s) ROM (System mgt fre::pguc:lr
2 cores chip) amebutte
T T T T I I I I
\ \ \ \ { { { { :l L2 cache Many-core
S J J J I I I T 4H m'CfoémeadEd N 8
COMA P
I I I I I I I [ <4+ directory
> 1 T T T I I I I UART RPC LCD
controller controller controller

v ' y | ——COMA

Offchip Root dln:ectory H Root dllceclory Off-ahip ring i A A
/O network | DDRChannel || DDR Channe’ /O network Y v Y v

Debugging Pseudo Syscall Standard
output terminal (pty) emulation output
T — T — S "

MEMORY

| ACTIVE
MESSAGES
‘ TT&FT NCU ‘ <

TMU &
SCHEDULER [+

FETCH & SWITCH

DECODE & REGADDR

\A4
READ & ISSUE =
o
[}

A ! ) LsU | > L1D & MCU
§ 7 > GPIO
| COMA DIRECTORY | @_‘7
"""""""""""""""""" wworWeo

Simulator size: 7111 components, 2669 processes, 62MB on host
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EXAMPLE APPLICATION:
ASYNCHRONOUS TRACING
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provided by user - variable selection, synthesis code and gnuplot script must be compatible
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EXAMPLE APPLICATION:
ASYNCHRONOUS TRACING

Simulation performance
of MGSim simulating a 1GHz model
on an Intel Core2 Duo 2.4GHz simulation host
running the whet.c benchmark on the simulated platform
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EXAMPLE APPLICATION:
TRACE VISUALIZATION

OO Mozilla Firefox
JJ file:/ / /Users/ke...traces/lI7t.html I -+ 1

6) < file:///Users /kena/Dropbox /Public/svp/traces/II7t.hti & (@~ DuckDuckGo Q) (@] (][] -'|v| al a4 -]
B | | :

cpu2.dcache:outgoing/cpu2.dcache
00000171 m T-1 queued outgoing load request for 00000000000260cO

. |
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MGSIM:
WHAT’S NOT IN THE BOX?

e MGSim should have, but does not have yet:
e Checkpointing
e Generic mesh NoC model
e (Co-design of MGSim model and RTL spec
¢ MGSim’s project goals do not require:
* x86 ISA emulation

e Validated cycle-accurate models of existing
hardware — expert knowledge needed to
validate MGSim before publications of results
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TAKE AWAY

At a glance:
C++, small-ish, cycle-accurate (~RTL),
full-system via example library, free

Teach it! (designed for education)
Use it! (designed for prototyping)
Fork it! (it’s on Github)

Break it! (we love bug reports)
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THANK YOU.
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