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TheProtoFlexSimulator

w History

¢ Project started (circa 2007) to build scalable -fytstem
multiprocessor simulators usifgPGAs

w Key Features
¢ Functional simulator for NvayUltraSPARUQI server (~5®0 MIPS)
¢ Using hybrid simulation, runs real server apps + Solaris OS

¢ Employs multithreading teirtualize# CPUs per FPGA core
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Open Sourcind’rotoFlex

w Why open source?
¢ Demonstration oFPGAS®&Ss viable architecture research vehicle
¢ Facilitate adoption ohybrid simulation& host multithreading

¢ Encourage building on top of our work

w What are we releasing?

¢ Bluespewsource HDLVerilogand pregeneratednetlists
for SPARCV9 CPU model + interfaces

¢ XUPV5 Reference Design for EDK 10.1
¢ VirtutechSimicplugins for hybrid simulation

¢ Toplevel SW controller, user commattide interfac

¢ Documentation through onlineviki 3
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Outline

w Motivation

w TheProtoFlexSimulator

¢ High level components
¢ UltraSPARE€ore model

wUsingProtoFlex
wXUPV5 Reference Design

w Distribution Detalls

Carnegie Mellon
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Z 07102102 sarek sehdmaillli9ed: [ID 7O2211 mail.
domain name (sarek) —— uzing short name
st/homesechungsspec2k o

docs install,sh  HMANIFEST
Flexus LICENSE READHE
install,bat LICEMSE,.txt READHE,txt

runspec ——config=flexus ——action=validate ——tune=
1 “LLA™H*H"H"H"H
#

docs install,sh MAMIFEST
Flexus LICEHSE REALME
install,bat LICEMWSE,txt README,t=t
12 0000
13 0000 Bx0000000010800000
14 0000 ©x0000000910000000
15 0000 Ox0000000310400000
pfmon> regs -cpu @
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w User perceives familiar SMike UltraSPAR@I simulator
¢ Software user interface similar ®imics
¢ Applications load directly frorS8imicscheckpoints

¢ Standard simulation features: state viewing, scripting, sHstg@ping,
checkpointing terminal, profiling/monitoring
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TheProtoFlexSimulator

FPGA Linux PC
Ethernet User
PowerPC PFMON Interfac
(or uBlaze) e

Main Memory

w User perceives familiar SMike UltraSPAR@I simulator
¢ Software user interface similar ®imics
¢ Applications load directly frorf8imicscheckpoints

¢ Standard simulation features: state viewing, scripting, sHstg@ping,
checkpointing terminal, profiling/monitoring
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Our UltraSPAR@I Core Model
® ISA Specifications g Corcriseredue

[ 1TLBStage1 |
A 4

¢ 64-bit SPARCVY ISA + US Il extensiong ( Tiesegez )
¢ 8 register windows, 4 global register file$ T A B ———
I-cache
¢ 5S5l2entry DTLB, 128TLB (BRAM) |-Fetch Tag Check
w Implementation o USliDecoder
¢ 14-stage, multithreaded pipeline, o4bILALL Stage 1
switch context on each cycle Arbiter to DDR 64-bit ALU Stage 2
Memory
¢ On Virtexs, XST~148MHz, D-TLB Stage 1
Placed & routed @ 100MHz D-TLB Stage 2
¢ Parameterized noblocking caches RN
¢ FP + rare MMU instructions are R sacltaclll

(BRAM) D-Cache Tag Check

SWemulated by nearbyBlaze

. . _— Multi-Cycle Writeback
¢ 100% mirrord/irtutech Simicamodel o Uit S
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Core Design Statistics

@ Runs 100MHz on V5 180
¢ Synthesizes up to 148MHz usir 140 -

standard tools (ISE XST)

140

w Logic usage

¢ 23.5KLUT$11.3% LX330T)
w BRAM usage

36kb BlockRAMSs
(=]

120 |
100
B TLBs
a0 - INT/FP/MMU RF
¢ 120BRAMSdor 16-context ® Caches

configuration(37% LX330T) 60 ® Other

w Future optimizations 7
¢ Paging structures to SRAM or |
DRAM can reduce BRAM by o M
1 2 4 8 16 32

significant amount

o

)
o

# Contexts per core

¢ Will release in future updates 8
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Outline

w Motivation

w TheProtoFlexSimulator
wUsingProtoFlex

wXUPV5 Reference Design

w Distribution
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UsingProtoFlex
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64-bit ALU Stage 1
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| D-TLB Stage 1
A 4
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A 4

( DTLB Stage3  —o

FPGA

D-Cache Address Generate Hard/Soft Core

(PowerPC or
MicroBlaze)

D-Cache Tag Check

Writeback

—>l[_ w Add passive monitors

¢ Counters, histograms

¢ Roll your own

w Tracebased simulation
¢ Collect dynamic traces

¢ Feed traces to functiondirst
timing model

w SampledProgram Monitoring

¢ Use micraeblaze (or PPC) to
monitor core/memory state

¢ Unintrusiveprofiling w/o
changes to target SW 4,



w Examples

¢ Functionalfirst CMP cache coherency model
for first-order timing models and functional
gl NXY¥AYy3a wew9ce{ Qndgb

¢ Realtime stack trace profiling
¢ CMP interconnect model (in progress)

¢ Realistic CPU traffic generators (in progress)

w X NXzy y A yGPU delvér ivorkioads
¢ Oracle TPC, IBM DB/2 TRC, TP&, SPEC2K

Carnegie Mellon

Piranha CMP Cache
(First-Order Timing
\Y[eJo[=1))

v

Statistics + Warmed

Coherency &
Tag States

11
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What does the RTL look like?

w We useBluespecSystemVerilog(highlevel, synthesizable HDL)
¢ 4-8 weeks learning curve for normal HDL users
¢ Once learned, easier to read/modify than conventional RTL
¢ Requires BSV compiler (free for academics)
¢ Paperima 9 a h/ h 5de<eribgs BSV coding/validation of core

w Sample code:

split_ALU_pipelin€ merged_ALU_pipeliné

pl=piperegsPECODE
piperegspLU] <=doALUStage(p1, alu_ifg;

pl=piperegs[DECONRE
p_tmpl=doALUStage(], alu_ifg);
p2= piperegspLUT;

piperegspPLUZ <=doALUStage@?2, alu_ifo;

p_tmp2=doALUStage® tmpl, alu_ifg;
piperegs[ALU<=p tmpZ

2-stage ALU 1-stage ALU 12
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Other Simulator Features

w Changing Core Parameters

Set optimal LUTRAM size (16 = V2P, 64 = V5)
Choosd . UTRAMsr BRAMdor any CPU state

w System Parameters
¢ UDP or TCP/IP (for PFM@NFPGA communication)
¢ XUPv5, BEE2

¢ Number of CPU contexts N N
¢ Cache sizes
¢ Merge/split pipeline stages <
¢ Enable/disable modules for profiling & debugging ' \ > 3
¢ Clock frequency (tested @ 10 MEI200 MHz) A\

q

q

Carnegie Mellon
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Outline

w Motivation

w TheProtoFlexSimulator
wUsingProtoFlex

wXUPV5 Reference Design

w Distribution

14
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Platform Release: XUPV5

w Why XUPv5?
¢ Inexpensive (~$750), easily accessible
¢ Standard tool flows (EDK, ISE)

¢ Reference design portable to other
platformsc e dza I R NEdd<A v

w Supporting other platforms

¢ Future ports to BEE3 & Xilinx
Accelerated Computing Platform (ACP)

¢ Plan to release with future updates

Carnegie Mellon

15
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Required Equipment
Linux PC FPGA Board

.QIII

Q)
PFMON> BlueSPARC

+ SImics

16
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Required Equipment
FPGA Board

| VIRTEX S
| xcsvixsor™

BE spopeE ELELEE2L

BlueSPARC

17
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wVirtex5 LX110T L. "5
wDDR2 Memory
C up to 2GB Y

P ; SIXUNX
= > | VIRTEX-%S
= A i | xcsvixsor*
i - ' | Soucs
wM r JRAM = 8 o e

n
5
=

- v
e

w1Gbps Ethernet [ﬁ
©3Gbps SATA b = E%

wSerial Port

]
EREEES RARERER 2L

MT16HTF 12864HY-S3EB3 200604 B2
M COUNTRY OF ORIGIN U.S. LEAD FRI
1GB 2RX8 PC2-4200S-444-12-E0

T T
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Reference Design Block Diagram

BRAM Serial Port
I J

LV

SRAM
Controller

LX110T




BlueSPARC

WEDK IP core
¢ connects to PLB & NPI

wRuns @ 100MHz
w4 CPU contexts
wW64KB I&D L1 cacheg

BlueSPARC

Carnegie Mellon
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Reference Design Block Diagram

BRAM Serial Port
I J

LV

SRAM
Controller

LX110T
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BlueSPARC

Carnegie Mellon

BRAM

w81% utilization

¢ Core51% (76ut of 148)
¢ Rest 30% (45 out of 148
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Reference Design Block Diagram

BRAM Serial Port
I J

LV

SRAM
Controller

LX110T
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Ethernet

Ethernet

w4 MB/sec bandwidth
w350usecRTT latency

wSocket Abstraction
¢ using LWIP RAW interface
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Reference Design Block Diagram

BRAM Serial Port
I J

LV

SRAM
Controller

LX110T
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DDR2 Memory Controller

w1.5GB/s peak BW
w115ns latency

wMultiple ports/interfaces
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Required Equipment
Linux PC FPGA Board

.QIII

Q)
PFMON> BlueSPARC

+ SImics
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Required Equipment
Linux PC

PFMOW@

+ SImics

Carnegie Mellon
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Linux PC

w Software requirements
¢ SuSH.Iinux 10.1

¢ CAD tools + licenses
(Bluespeaompiler, Xilinx ISE/EDK)

C Simics3.0.22
¢ Hybrid simulation plugn modules
¢ ProtoFlexMONitortool (PFMON)

29






