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SoC design

SoC I n t e gr a t ion

1. Buy a collection of IPs verified independently
2. Integrate IPs to create an SoC
3. Verify the integrated SoC
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 AGARSoC: accelerat or -r ich SoC ver if icat ion

 Experimental evaluation

 Conclusion

O u t l in e

m em ory t race 
analysis

abst ract  
represent at ion

t est  and
coverage-m odel

generat ion

6 /  21



A cce le r a t or  Ex e cu t ion  M ode l
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pattern 1

pattern 2

M e m or y  Tr a ce  A n a ly s is

memory
trace

example

cores accelerators

time

1

2

2

1 class 1

class 2

accelerat or  execut ion classes
= dist inct  execut ion pat t erns

pattern 3
3

3
8 /  21

core 2
L1 cache

L2 cache

. . .

high-speed interconnect

memory 
controller

memory

scratchpad
accelerator 1 . . .

core N-1
L1 cache

core N
L1 cache

L2 cache

scratchpad
accelerator M

r1

. . .
r2

rK

memory-mapped 
configuration
registers

L1 cache
core 1

conf ig pat t ern

access pat t ern

accelerat or  execut ion pat t ern
= conf ig + access pat t erns



A cce le r a t or  I n t e r a ct ion  Sce n a r ios

 Interactions among execution classes
 Execution classes = distinct accelerator patterns

 Two types of interactions
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A bs t r a ct ion  Ex a m ple
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I n f e r r in g U n obs e r v e d O r de r
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Te s t  Ge n e r a t ion

 Mult i-t hreaded, m ult i-phase test
 Multiple threads – concurrent execution scenarios
 Multiple phases – sequential execution scenarios

 Minim al schedule covering all concurrent and 
sequential scenarios

 Test-generation configurations
 What (1) execut ion classes, (2) concur rent  scenar ios, 

and (3) sequent ial scenar ios should be selected?
 Should infer red sequent ial scenar ios be included?
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generat ed t est alt ernat ive

Te s t  Ge n e r a t ion  Ex a m ple
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Cov e r a ge  R e por t
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O u t lin e

 Introduction

 AGARSoC: accelerator-rich SoC verification

 Exper im ent al evaluat ion

 Experimental setup

 Runtime

 Compaction rate

 Conclusion
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Ex pe r im e n t a l  Se t u p

 Two SoCs modeled (SystemC and RTL)
 Syst em C m odel built on SoCLib framework*
 3 cores (ARMv6k), 3 memory modules
 3 accelerat ors (QPSK modulator, demodulator, FIR filter)
 1 shared bus

 RTL m odel built on Xilinx Vivado® design suite
 3 cores (MicroBlaze), 1 shared memory
 6 accelerat ors (FIR filter, CIC filter, CORDIC module, 

convolutional encoder, FFT module, complex multiplier)
 2 AXI interconnects

 Custom test-program suites

* http://www.soclib.fr/trac/dev 16 /  21



Te s t  Su it e s
 5 groups of test programs for SystemC model

no. # of  program s descr ipt ion
1 9 sequential accesses with locks
2 9 sequential accesses without locks
3 9 concurrent accesses with locks
4 9 concurrent accesses without locks
5 18 combinations of the four above

 5 groups of test programs for RTL model
no. # of  program s descr ipt ion

1 7 no synchronization
2 8 lock, single-accelerator invocation
3 5 lock, multi-accelerator invocation
4 7 barrier, redundant computations
5 13 semaphore synchronization

17 /  21



0%

20%

40%

60%

80%

100%

R u n t im e  of  Ge n e r a t e d Te s t s
no

rm
al

iz
ed

 ru
nt

im
e

267%

normalized runtime =
runtime of generated test

sum of runtimes of individual tests

1 2 3 4 5 all
SoCLib (SystemC) MicroBlaze (RTL)

9%

38%

1 2 3 4 5 all

18 /  21



Com pa ct ion  R a t e —Ex e cu t ion  Cla s s
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Com pa ct ion  R a t e —
Con cu r r e n t  a n d Se qu e n t ia l  Sce n a r ios
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AGA R SoC Con clu s ion s

 Verifying accelerator interactions in SoCs

 Analyzing software behaviors in high-level model

to identify high-priority interactions

 Generating compact test to quickly achieve 

coverage goals

 Future work: data-sharing patterns, other SoCs

Thank  you!  Quest ion?
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B a ck u p
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Con f igu r in g M e m or y  Tr a ce  
A n a ly s is

 Minimal engineering effort to specify
1. How to delimit execution from memory trace
2. How to distinguish unique execution classes

 Identifying classes Delimiting execution

write 0x1 to reg[0x4]
write 0x0 to reg[0x8]
read from reg[0xC]
write 0x3 to reg[0x10]

What registers define 
the mode of operation?
(e.g., 0x4 and 0x10)

{addr 0x4, value 0x1} , {addr 0x10, value 0x3}
class identifier

write 0x1 to reg[0x4]
write 0x0 to reg[0x8]
read from reg[0xC]
write 0x3 to reg[0x10]
write 0x0 to reg[0x8]
write 0x3 to reg[0x10]
write 0x1 to reg[0x4]

memory accesses 
to config registers

Particular memory 
operation signaling 
the end of task (e.g., 
“write to reg 0x10”) 23 /  21



Dis cu s s ion s

 Flexibility
 Two different SoCs evaluated in our experiment
 Applicable to SoCs where memory operations can be 

observed

 Enhancement
 Data-sharing patterns
 Randomize software executions

 Accuracy
 Different interactions observed in untimed high level

 B ug detection capability
 Similar to original software
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