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source code

v o G N = input data
odd = 0;
for (i=0 ; i<N ; i++) {
if (i%2 == 0)
even++;
else
odd++;

low-level
analysis

linear proram

U

} }
flow analysis RS

SLU\VIVNYN Static WCET analysis
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binary
code

max T=X,.C, + Xg.Cp+ Xc.Cc + Xp.Cp + Xg.Cg

Xy =1 Xpn = Xpp

Xg = Xpp + Xgp Xg = Xpgc + Xpp
Xc = Xgc Xc = Xce

Xp = Xpgp Xp = Xpg

Xg = Xcg + Xpg Xp = 1 + Xgg
Ch= w5 g =5 Cc= w5 ¢ = w5 G = 0

Xgc £ 0.5 Xg;

IPET (Implicit Path Enumeration Technique)
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solution

Tmax = .. (WCET)
with:
. XA = . XB
Xc = XD
XE =
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worst-case cost of a basic block?

taken

instruction fetch latencies?

BB 4 (10000234} data load/store latencies?
10000234 Iwz r0,12(r31)
10000238 Iwz r9,8(r31) 1
1000023c add ro,r0,r9 BB 3 (10000230) . . .
10000240 Stwr0.12(r31) 1st challenge: multicore architecture
10000244 Iz 19,5(r31) [ conflicts to shared resources?
10000248 addir0,r9,1 '
qiiaeEs S D taken = time-predictable architecture

(known upper bounds for latencies)

Y
BE 5 (10000254)

10000254 Iwz r0,12(r31)
10000258 orr3,r0,r0
1000025c b1

taken

2nd challenge: parallel programming
inter-thread synchronisations generate
waiting times
= need to bound them!

22-Jan-13 parMERASA - WCET Analysis Tools - UPS



SEIfVISV:\Y W Timing analysis of synchronisations
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DarNV ERASA Timing analysis of

synchronisations

= Computing WCWTs

flow analysis low-level analysis

worst-case costs
of basic blocks

loop bounds
infeasible paths

WCET analysis of a parallel application

starting from the main function

WCET of code fragment P
without stall
WCWT related to each
synchronisation operation

recursive
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DarMERASA

hardware ISA su pport (plugins)

description
(XML)

description of

synchronisations

program representation
instructions, basic blocks, CFG

annotations
can be hooked to any object to express built-in or
user-defined properties (e.g. WCET of a basic
block, loop header, etc.)

flow facts WCET

(e.g. loop computation
bounds *) (IPET)

display
(Eclipse plugin)

\ architecture abstraction —

Implementation in OTAWA s,

TOULOUSE 111

built-in or user-developed
analyses

CFG virtualization (to analyze functions
in their call context)

loop analysis (e.g. dominance)

instruction and data caches (based on
abstract interpretation techniques)

D> categorisation of instruction fetches
and data accesses (al/ways hit, al-
ways miss, loop persistent, unpredic-
table)

pipeline behaviour analysis

> execution times of basic blocks

recursive WCWTs analysis

[ erec 83 [@ icrc1cFo

" Our oRange tool de- wnsigned char Lin(256] = - g
termines loop bounds -d::d‘:twt dcrcl(umsiqued short crc, wnsigned char onech) {
from source code wnslgned short ans = (cre * onach << 8);

analysis for (L= 0, i< i) (

Af (wns & 0x8000)

ans <o 1;
}
return ans;

}

static unsigned short icrctb(256], imit = 0;
coabio ihnn ohalnme)

"3 aoeonn
1900023089

unsigned short dcrc(unsigned short crc, unsigned Long len, short jinit,
v
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Université
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= Current state
= General procedure defined

= Annotation language specified
* Preliminary version implemented and used on toy
examples

= Future work
» Refined analysis of synchronisation primitives

= Assistance to code annotation
= \isualisation
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LIVIAV YW Tool Challenges R-AETA
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(Context: Verification of Parallel, critical systems software for Multicore)

SOftwa e « Understanding legacy software and dependencies
» Concurrency bugs, diagnostics

DeS | g N « Complexity of communicatior

PSS

T|m|n . Hardware cores interact: buses, shared memory,
g cache coherency,

‘L . . ' ns are vale,x, -
ve rlfl Cat 1ON synchronization and waiting times

« Visualization & Comprehension
« Coverage/on-target testing
« Repeatability/testability

Testing
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ParMERASA BREIIE R Iele] IS Te ole] g RAPITA

SYSTEMS LTD

In-depth o .
! Timing analysis
tracing
« Dependencies + Visualization « RapiTime for
in legacy techniques Multicore
software  Graphical view . Worst case
« Communication execution times
profiling « Multi-core
profiling
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= First stage: d
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LU VINVNY:Y Tool specifications R-AETA
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5: Visualization and profiling tool for parallel programs
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IEINVIRYNYY Dependency Tool RAPITA
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= To parallelize old/legacy software — where do you start?
— Minimize the communication
— Identify independent parts

= Use trace/profiling information to support parallelization

22/1/2013 Verification and Profiling Tools



Tool development: parallelisation
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»

~ UNIQUE_3_PowOn

* UNIQUE 1 Calc
¥ UNIQUE_3_TIMSEC
UMIQUE_3_PowOn

UNIQUE Calc
UNIGUE_L Getinternaivaiuel LSS

UMNIQUE_3_TIMSEC
UNIQUE_4_PowOn

UNIQUE_4_Getinternalvalued

UMNIQUE_4_Function

UNIQUE_2_Getintemaivaiue2
UNIGUE_2_Getintemalvaiue2

* UNIQUE 2 PowOn
¥ <runnable outside scope> ¥ AP_Hi 2msCycle

m

ESR_AP_PowerOn

AP_Hi_2msCycle

UNIQUE 2 PowOn

» Dependency Table

» Dependency Matrix

Overview ‘ Static ‘ + Ipoint Coverage | + Min | + Average | « High WM | " Max | + WCET | + CT Comparison |w‘ ET Comparison |PROARTIS + parMERASA (Timing) Iw’ parMERASA (Dapend.‘.] RapiPath {Paths)| &1
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SEIVIY WYY RapiTime for Multi-core =
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RapiTime

Multicore

Automated timing measurements for multicore

« Blocking, waiting, synchronization times
« Analyse parallel activities simultaneously

Waiting time calculations involving:

« Critical sections, barrier synchronisation etc

WCET: worst case execution times

“High water marks” (maximum measurements), profiling etc.
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Tool development: WCET for parallel —~—
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= Software verification for multicore is challenging
— We focus on the timing and profiling parts

» In parMERASA, having some control over the application
and the hardware makes this easier

= General multi-core timing analysis is hard, but achievable

RAIMERASA
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