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Hardware and Software Challenges

Architectural challenges

« Dynamic application workloads
Project management/planning 44.7% * Resource sharing and arbitration
e High risk
o Risk of under-designing

Top 5 Tasks Causing Project Delays

System architecture design & spec. 43.4%

Firmware development/test 34.9%

o Risk of over-designing

Software challenges

e Multi-core
* Exploding SW content

System integration/test  [ARRE e Late integration

0% 10% 20% 30% 40% 50%

Board-level eng. /test 32.9%

Source: VDC
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Software Debug and Analysis
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Using Loosely Timed
Virtual Prototypes

+ High simulation speed
+ SW debug and analysis

oD + Some level of timing in
AT mode
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Hardware/Software Validation

Using cycle accurate Virtual Prototypes
+ High accuracy
+ Joint HW and SW analysis
— Real SW required
— Difficult to set up performance critical corner cases
— Low simulation speed

Hardware & Software Analysis
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Architecture Analysis

Using partial virtual prototypes and non-functional workload models

+

+
+
+

Reduced effort to capture prototype

Requires profiling information, but porting of real SW not required

|deal for performance optimization of SoC backbone (interconnect/memory)
Faster simulation than cycle-accurate ISS

How to model the traffic?

©

Traffic Generator

N éﬁ Hardware Performance Analysis |

SDRAM

Traffic Generator

© g

Traffic Generator v

Al
o M Tiomgbrs M Tirmggns Ary Tormpiont bl Crmaren M st by D M Frrminifcer Mas Formanleler dry Frrmenlicia
- [P e e A e O = [T s

AT/CA

P
0

SYNOPSYS
© Synopsys 2010 6 Predictable Success



Outline

* Motivation and TLM-2.0 Virtual Prototyping
Use Cases

 Generation of Workload Models from Virtual
Prototypes

e Case Study

SYNOPSYS

© Synopsys 2010 7



Workload Generation Flow

VP for Software Analysis Hardware Performance Analysis

IA ISS L1$

IA ISS L1$
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DMACTRL_SetChannelDmaSize. = +

DMACTRL_SetChanneDestaddrincr 5| ‘

e : st
] e
| |

ﬂ TLM Port Tr| 1+ % cpu.AHB
AHE AMEAR eadTransaction
DMA AMEAWriteTransaction

0¥ % cpuDNA
Configure. .. p OSt

Software Analysis Results processing VP for Hardware Performance Analysis

SYNoOPSYS'

© Synopsys 2010 8

Predictable Success



Generating "Elastic" Trace Files

) |? us |8 us |5| us 10 us
anF — n 1 1 1 1 1 1 1 1 1 1 1 1 ]
| Function Traci| $a
ARM main il
o o start_initial_dma_ch
¥ strlen
Configure... DMACTRL_SetChannelSrcAddrBurstCount
DMACTRL_SetChannelsrcDataSize
Find Function..| PMACTRL_SetChannelSrcAddrincr
—— | DMACTRL_SetChannelDmaSize
DMACTRL_SetChannelDestdddrBurstCount
DMACTRL_EnableChannel
DMACTRL_SetChannelDestiddr =
DMACTRL_SetChannelDest&ddrincr =
DMACTRL_SetChannelsrcAddr =
DMACTRL_SetChannelDestDataSize =
| TLM Port Trac( 0 * 3 BackBone.BEE_C_dma_DMA_1_s |
BB_C_dma_D|0 ¥ * BackBone.BB_C_dma_DMA _0_s (LITT TI1 J1]
gg_g_dma__;: 0¥ % BackBone.BE_C_cpu_AHB_s D e e D e P D e
_C_cpu
main.stl

0 read 0x37c

wailt response = -1
idle 10

#C:- call start_..
raise swi=4

walt swi=126

#C: returned from ..
0 write 0x4039c 0x1

© Synopsys 2010

Socket Transaction Language (STL, from OCP-IP)
 Generate read and write transactions

e Wait for outstanding transactions or cycles

e Synchronize with other STL files
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Generating "Elastic" Trace Files

N 0 |}' us |8 us |E| us 10 us
| Function Traci| $a
ARM main il
o o start_initial_dma_ch
¥ strlen
Configure... DMACTRL_SetChannelSrcAddrBurstCount
DMACTRL_SetChannelSrcDataSize
Find Function..| PMACTRL_SetChannelSrcAddrincr
—— | DMACTRL_SetChannelDmaSize
DMACTRL_SetChannelDesttddrBurstCount
DMACTRL_EnableChannel
DMACTRL_SetChannelDest&ddr ==
DMACTRL_SetChannelDestAddrincr ==
DMACTRL_SetChannelSrcAddr ==
DMACTRL_SetChannelDestDataSize ==
1 +| TLM Port Trac| 0 ¥ # BackBone.BE_C_dma_DMA_1_s | |
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main.stl start_initial_dma_ch0.stl SetChannelDmasSize.stl
—ppl Walt swi=4 —ppl Walt swi=5
0 read 0Ox37c U read OX424Z%
wait response = -1 wait response=-1 O read Oxcf8
idle 10 .- wait response=-1
#C- call start #Co _call SetChannel. . 0 write 0xc0000044 0x100
raise _swi=4 raise_swi=5 wait response=-1
wart swi=126 < walrt swi=124 < 0 read Oxcfc
#C:- returned fTrom .. #C:- returned fTrom .. - - -
0 write 0x4039c Ox1 raise swi=124
oc 7 raise swi=126 7 7
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Simple AHB Example Platform

e Goal

— Validate expressiveness of performance results by comparing FRBM and 1SS
based virtual prototypes

DiA_0C:_dme_Dida_0_s
DA _1G_dma_DWA_1_5

e Scenario
— CPU programs DMA
— DMA loads picture
— CPU filters and stores picture

'"ET mem

?le
C\S

* Experiment
— Record STL trace with ARM 968 LT ISS and AT bus
— Replace AT bus with cycle accurate AHB bus and modify memory latency
— Replace ISS and DMA with 3 GFRBMs
— Compare analysis results and measure accuracy of traces

SYNOPSYS
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Architecture Exploration Results
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Case Study Results

Effort: Preparation based on existing platforms
— 1 week setup to create post-processing script for generating traces from analysis
— 1 week for running and analyzing results

e Outcome
— Trace-driven traffic generation methodology is confirmed for performance analysis

e Simulation speed
— 1-10 MIPS for LT platform with analysis recording
— 0.1-1 MIPS for AT platform with analysis recording
— ~1 min of post-processing for 10ms of real-time traffic per initiator
— 10s to 100s of KCPS of GFRBM-based performance model

* Benefits
— Generate realistic workloads for architecture analysis and exploration
— Very good adaptability of traces to Interconnect/Memory
— Very good accuracy

e Limitations
— For now system-level synchronization points need to be manually inserted

SYNOPSYS
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Ongoing Project: Versatile Platform

Validated STL generation with realistic platform
Next Step: Validate accuracy for different architecture variants
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