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Introducing RVS

- Worst case execution time (WCET Code coverage up to MC/DC
*Optimization identification *Trace coverage to specific tests
*Execution time verification *Customizable instrumentation

*Tool qualification: DO-178B/C and ISO 26262
*Supports C/C++/Ada
*No processor/compiler/RTOS limitations
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RapiTime

File Edit Navigate Search Project Run Window Help

& Resource - C:\Documents and Settings\acolin\Desktop\default.rtd - Eclips

& If_Barometer.Poll-U
& If_Compass.Poll-U

& If_Airspeed.Poll-U f~

% If_Ins.Poll-U = 390:000
% If_FuelPoll-U £ 250.000
% If_Fuze.Pall-U £ 200.000
& If_Radar.Poll-U g 150.000-
e If_Ir.Poll-U = 100.000- |
& If_Steer.Poll-U o

% If_Motor.Poll-U i 950.000

& If_Warhead.Poll-U
= If_Destruct.Poll-U
& Barometer,Cycle-lJ
& Compass,Cycle-U
& Airspeed.Cycle-U
& Ins.Cycle-lJ
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ecution time |
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MName A| Location

check_sum
count_set_bits
rnessage_receive
process_in_buffer

send_message

msg_handler.c:9
msg_handler.c:l.
msg_handler.c:3

Frobability

msg_handler.c:2

msg_handler.c:2

simulate_save_to_flash msg_handler.c:l!

T —
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Frobability
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pen b | Max-OverET(11436)
8E Outine .83 = 8[|} RepTime: defaulturtd 53 \

® = % || Test_Harness.Cycle-U ~
default.rtd B = we, v 1-CuETP 0.1
B % Test_Harness.Cyde-U - Home 5 x Aggregate
50 : | ETP
& Bus.Cycle-U e (i i(em) —= 0.011
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Calculating WCET...

if( a)
{

£1() s
}
else
{

£2() s
}
if( b )
{

£3();
}
else
{

£4();
}
£5();

110us 140us 85us
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RapiTime Find worst-case execution time

Uintad
message receive( Uint8 const * msg )
gl
Uint8 i;

. SelfWorst-Case Contribution (W-SelfCT)

[ak]

E 15,000 -

£

i= 10,000 -

=

£ 5000 -

o

§ o t

4 e oF R o
Jtad 5-\“,‘9"' N = eq-.‘ad*“} ﬁg.'a""@
o < i =

Name «| Location | W-OverET | W-OverCT | W-SetfET | W-SelfCT | W-SubfET | W-SubfCT | W-Freq | #LOC-Self | #Tests |
check_sum msg_handler.c:32-147 = 2977 8831 = 2977 8031 = ] ] 3 50 10
message_receiue msg_handler.c:317-367 = 32,019 32019 = 16,488 16488 = 15531 15,531 1 51 T
process_in_buffer msg_handler.c:226-306 = 12 554 12554 = 5834 5934 = 5B 6,620 1 &1 4
send_message msg_handler.c:d11-217 = 666 G666 = 666 666 = 0 a 1 7 3
simulate_save_tu_ﬂash msg_handler.c:193-203 = 2,600 0 = 2600 0 = ] 0 0 11 1
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RapiTime Focus optimization effort

* Summary (109 items) il il &
MName “ | Location | W-Freq I W-SelfET | W-5elfCT W-SelfCT% | W-5elfCC% | W-SubfET | W-SubfCT W—SubeT%I W-0Q
E-& Airspeed.Cycle airspeed.adb:66-103 1= 381 91 0.112% 0112% = 1304 1,304 0.375% =

= Airspeed.Extrapolate_Speed airspeed.adh:31-60 1= 226 226 0.065% 0177% = 148 148 0.043% = |E
[# 5 BC1553.Is_Fresh bcl553.2db:36-91 12 = 78 936 0.269% 0.446% = 78 936 0.269% = |
[+ = BC1553.Is_Valid bcl553.adb:94-99 12 = 78 936 0.269% 0.715% = 78 936 0.269% =

[# = BCL553.Read_Word bcl553.adbi104-114 30 = 101 3,030 0.870% 1.586% = 84 2,520 0.724% =

[+ = BC1553.Write_Word bcl553.adbi63-73 1= 99 99 0.028% 1614% = 130 130 0.037% =

# = BIT_Machine.Change_State bit_machine.adb:24-30 12 = 52 624 0.179% 1793% = 107 1,284 0.369% =

[+ & BIT_Machine.Phase bit_machine.adk:33-36 12 =& 0 0 0% 1.793% = i} i} 0% =

[# = BIT_Machine.Step bit_machine.adb:55-84 12 = 197 2,364 0.679% 2472% = 0 0 0% =

[+ = Barometer.Cycle barometer.adb:86-127 1= 464 464 0.133% 2606% = 1,522 1,522 0.437% =

E& Bargmete apolate_Height barometer.adb:46-80 1= 250 250 0L072% 2678% = 148 148 0.043% =

a3 Bus.Cycle bus.adh:553-591 1 #=123190 12 38.069% = 0 0 0% = L

| P bus.adb:430-453 12 = 78 it 38.338% = 0 0 0% =

¥ & Busls BC valid:159 bus.adb:455-473 12 = 78 936 0.269% 38.607% = 0 0 0% >

#e Busls RT_Fresh bus.adb:305-328 7= T 539 0.155% 38.761% = 0 0 0% =

E-& BusIs_RT _Valid bus.adh:330-353 7% 78 546 0.157% 38918% = 0 0 0% >

#e Bus.Read_BC_Word bus.adb:481-504 30 = 84 2,520 0.724% 39.642% = 0 0 0% =

E-& Bus.Read_RT_Word bus.adh:355-3738 31 = 85 2,635 0.757% 40.399% = 0 0 0% >

# 5 Bus.Write BC_Word bus.adb:242-270 37 = 95 3,515 1.010% 41.409% = 0 0 0% = %
4| 1 | 3
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RapiTime Focus optimization effort

~ Summary (1 item) =]
Name Location | W—Freql W-SelfET | 'W-S5elfCT ~ | W-5elfCT% | W-SubfET | W-SubfCT | W-SubfCT% | W-OverET | W-OwerCT | W-CverCT% | W-SelfED W—SeIfCDI W—OverEDI W
e Bus.Cycle bus.adh:553-591 1 123190 123190 35391% = 0 0 0% = 123190 123190 35391% 3158718 3158718 3158.718

4| m | 3
b Calls (0 items) il il B

+ Blocks (7 items)

Name i V-Freq | W-OvereT | W-OverCT adatiaOusccron wW-OverCCo% | WL-Freq | WL-OverCT | WL-OverCT% | Wi-Overcce
Ipoint: 87}  bus.adb:585 587-588 14 = 4311 60,354 17.339% 17.339% 14 60,354 43.993% 43.993%
Ipoint: 11@ bus.adb:573,575,577 14 = 4307 60,498 17.323% 34.662% 14 60,298 45.947% 97.940%
Ipoint: 48 bus.adb:5 /8 581 14 = 79 11 . 34.980% 14 1,106 0.898% 98.838%
Ipoint: 94 bus.adb:569 14 = 78 1,064 0.306 % 35.285% 14 1,064 0.864 % 99.701%
Ipoint: 16 bus.adb:589 14 = 25 350 0101% 35.386% 14 350 0.284% 99.985%
Ipoint: 77 bus.adb:566 1= 18 18 0.005% 35.391% 1 18 0.015% 100.000%
Ipoint: 44 bus.adb:590 1= i i 0% 35.391% 1 i 0% 100.000%
+ Loops (1 item) =
B Properties 22 [ RapiTime Trace Debug} Eu] Bookmark;I =08 5
bus.adb:573.575.577 B
—|573 Eeal TInputs(I) := Shadow Inputs(I); -
Source 574 —— Ensure that we reset our data
Advanced 575 Shadow_Inputs (I) := Null Message:;
276 —-- Data tends to remain wvalid
77 Shadow_Inputs (I).Valid := Real Inputs(I).Valid;
278
4 3
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« Worst case execution time (WCET «Code coverage up to MC/DC
*Optimization identification *Trace coverage to specific tests
*Execution time verification «Customizable instrumentation

« DO-178B Qualification Kit
» Target Integration Service
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RapiCover

Coverage levels

Function

Call

Statement

Decision

Modified Condition/Decision
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SC/C++> -
File Edit Navigate Search
mfs |

B[O <c/Cr+> | B <RapiTi

$-0- Q-

N —, B S — ¢
B ——

Project Run Window Help
A-iEmia-H-2erD-

me Tuterial> [ Resource

T —

—

e O

= 0utfine 53 = O/ [8 Home: message receivervd 53 |

=K

- 2 Home
Bookmarks
(1% message_receive-U
@ ercl

=% process_message-U

are-2

save_state-U

send_message-U
 busy_loop-U
% busy_loop-U
@ busy_loop-U
% busy_loop-U
 busy_loop-U

@ erc3

= count_set_bits-U

» cre-d

% send_message-U
@ busy_loop-U
% busy_loop-U
 busy_loop-U
@ busy_loop-U
% busy_loop-U

£ Home cycles (9) BPAR AR=1NC)
£ Home | 1ode: [@ Simple | /7 Optimisation
~ Summary (7 items)

Charts: & =l
zation | A-Freq| A-selfET| A-SubfET| A-OverET | A-SelfED | A-OvertD | #Tests
slication.c:182-186  7.200 * 105315 = 0000 = 105315 21.063 21.063 108
slication.c:163-175 0400 * 183.000 = 0000 == 183.000 14077 14077 6

sication.c120-120 1800 = 122148 = 0000 * 122148 12746 12746 2
Jlication.c120-129 0800 113833 = 0000 * 113833 11383 11383 12

slication.c120-129 0200 * 148000 = 0000 * 148000 14800 14800 3
slication.c120-129 0400 >4 100.000 = 0000 * 100000 10000 10000 6
sication.c120-120 0400 = 148000 = 0000 * 148000  14.800 14.800 6

lication.c:31-63 1.000 = 207.267 [BENLSLI = 1673067 6281 14179 15
1.000 = 207.267 * 1465800 = 1673067 6281 14179 15

dieationc 72413 0600 324222 # 1967000 2201222 7N 269% 9
slication.c:152-156  0.200 = 27.000 = 0000 =  27.000 5.400 5.400 3
slication.c:136-145  0.600 * 357.556 ** 1263778 * 1621.333 35.756 108.089 9

< I m I

[Static |~ Coverage |« Min | Average |+ High WM |+ Max| ~ WCET| ~ CT Comparison |

[ Properties % }

A-5ubfET(1465.8)

1
1-CuETP

ETP

Frapency Desily
§H 8

[ application.c:37: message_receive.nvd 2 \ =8
[2) application.c:37 AR 1R A=)
vome | [ oot Commage | T WEETBo ) o
32/ { -
unsigned char i;
unsigned char x;
/* check length */
if ( B[LEN] < 3 || b[LEN] > MAX BUFFER_LEN) =8
q =
/* length error */ =B
error (BAD_LENGTH) ; =]
L =
else
3 t E
449 /* check crc */ -
asll ® = crc(b+l,b[LEN]-1) ; =
46| =}
47 if ( x != B[CRC] ) =
8 t =l
49| /* crc error */ =
50 error (BAD_CRC) ; =
51 }
52 else =
3| {
54 cOpY message to in buffer =/ =
55 ; i<b[LEN]: i++) =
56
57 in buffer[i]=b[i]: =
8| } =
59 /* and process it */ i
o [ P— [T— B—— 3
application.c37
z 5 = = = E= === =
Exacution Time (eyaias)

plloCa £ DR 9apB|&H& =0




RapiCover

e

Reporting results by test case

Filter button
Filter summary

12 rome: mesge recene.rvd 12|

=0

£ Home

45% Home '
I

b Filter by test case

+ DD-178B Code Coverage

* Statement Coverage (6.4.4.2.a(b) for Level A, B, C.
# Decision Coverage (6,.4.4.2,3b) for Level A, B,

® MCDC Coverage (6.4.4.2) for Level A,

~ Overall Coverage

Overall Coverage Summary

Filter
checkboxes

===RAP I TASystems Ltd.
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Charts: ’?

2 Home: message e £ -0
# Home FlaleBlke @
43t Home
+ Fiter by test case .

_Test ID | Description

_>|Z 1 Message 1 = 0x00, 0x0S, 0xd4F, 0xF0, OxFO
O: Message 2 : 0x5D, 000, 0xFF, 0x0F
E 3 Message 3 : 0xDB, 0x0C, 0x01, 0xFF, Ox11, 0x22, 0x33, Ox44, 0x55, 0xb6, ...
D 4 Message 4 : 0x51, D04, 0x03, 0:x<FF
5 Message 5 : 0xD3, 0x0C, 0x03, 0xFF, Ox11, 022, 033, 044, OxS5, 066, ...

[ Select all

OKI CanDaII Apply




Dealing with resource limitations B =
: = N\

Trace vs map

201 Vv
202
201, 203,
203, 203, 203 v
201, 205, 004 v
207
205 VvV
Statement coverage
206

207 v

Multiple instrumentation

strategies
Profile modifier

Profile b [ I m q t

Mone - - -

COov Calls - L] - L]
CON_DECISIONS - 3 - 3
COV_FUNCTIONS - . . .
COV_MCDC_F L] ] - ]
COV_MCDC MAaP . @ - @
COV_MCDC TR L] & - &
COV_MCDC_VAL » & . &
COV_STATEMENTS - L ] - L ]
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Certification objectives: RapiCover

— N~ =
- N
— S S—— 7~

Objective Applicability Output
ID Description Ref. A | B | C | D |Description Ref.
442 | @ Software 11.14
Verification
Results
4422 | @ | @ Software 11.14
4.4.2b Verification
Results
A-T, 7 [lestcoverdge vl sultware 04422 | ® | @ | O Software 11.14
structure (statement 6.4.4.2b Verification
coverage) is achieved. Results

» Branch coverage also reported
* Improves discovery of test effectiveness problems

= ==RAP | TASystems Ltd.



Qualification as a verification tool (TQL5)

Qualification Service

Qualification Kit

Qualification Data

v | oo [ oevpe | Uror i oo | U
TOR - . TVK i

Normal TCPR Full integration
TOVR Full - TVK Support - TOVR - Data
TCI Full - TAS - Data
TQP - Outline*
TAS - Outline*
LCP Access -

* Outline is complete but marks user data customisation points
===RAP|TASystems Ltd.



Verification Kit

RapiCover TVK

B Testrunner
B Invokes commandline tools directly
B Invokes behaviour in your integration
B A selection of subject programs
B A framework for filter testing
B Asingle report summarising the test result

Integration

TVK+subjects
Tools

host-based tests

Population

report tests

== =RAP I TASystems Ltd.

Executables

Execute+ Extract

Data

data tests



Kit vs. Service

Qualification Kit gives you high-level tests

B Test cases and procedures explain customisation process
B [imited support to get tests installed, selected and executed
B Support for investigating tests that fail

Qualification Service gives you on-site engineering effort
B Analysis of coverage measurement against recommended workflow

W e.g. use of build ID system

Confidence in tool configuration

Dedicated analysis of target data filtering

Dedicated analysis of demultiplexing

Dedicated analysis of your instrumentation library

Analysis of instrumentation options, tool commandlines

Generation of test data for verification records

===RAPITASystems Ltd.
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Integration Guide Annex e m—

— = \\“M—:‘t&.—\\*‘\ — . ‘

= Build process

Application

RVS Analysis

RTOS IGA |
/__ﬂl!_\
MCU IGA

Data Link IGA _
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RapiTime DO-178 Qualification Kit

Available Q4 2012

DO-178B 6.3.4f says

B Accuracy and consistency: The objective is to determine the correctness and
consistency of the Source Code, including stack usage, fixed point arithmetic overflow
and resolution, resource contention, worst-case execution timing, exception handling,
use of uninitialized variables or constants, unused variables or constants, and data
corruption due to task or interrupt conflicts.

RapiTime builds on industry best practice with
B | ower effort

B 90% lower according to one customer
B |mproved level of detall

B Major aerospace customers already signed up to use this

===RAPITASystems Ltd.



RVS 3.1

Available Q4 2012

Key features
B Report comparison
B “Sensitivity analysis” for timing analysis

== =RAP l TASystems Ltd.



Agenda

RVS Overview
RapiCover DO-178 Qualification

Upcoming Products

B [ntegration Guide Annexes

B RapiTime DO-178 Qualification
m RVS 3.1

EU Research Programs
B PROARTIS
B parMERASA

== =RAP I TASystems Ltd.



PROARTIS

Probabilistically Analyzable Real-Time Systems
B Deliberately adding randomness to timing behavior allows new forms of software

timing analysis

expected failure rate for argument for
timing requirements certification
&
'
)
'
- ----- & ']
timing A°" PROARTIS ~“o :
randomization-aware statistical '
software 1 profiling '
" ae"Ss. & 'l
’
’
ﬁme-randomiziﬂ s F o
.
PROARTIS * ¢+’ PROARTIS
; . ¢ Al
requirements s ° probabilistic
. - timing analysis

formulation

PR 1S
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parMERASA

Multicore analysis of parallelised hard real-time applications
supporting analysability

New innovations:

parallelisation techniques for safety-critical applications;

timing analysable parallel design patterns;

operating system virtualisation and efficient synchronisation mechanisms;
guarantee of worst-case execution times (WCET) of parallelised applications;
verification and profiling tools;

timing analysable multi-core architecture with up to 64 cores.

Construction Parallelisation of Hard

Avionics Automotive Machinery Real-Time Applications
IMA AUTOSAR ESX-3XL
e ———
Verification
and SSNPRRY.  { 5.1 (1 |- 1] #] | Layer............-....................... Real-Time Environment
Profiling

Predictable Multi-Core

== =RAP l TASystems Ltd.



Field Application Engineer (Software)
We are seeking talented candidates with a strong technical background.

You should have at least 3 years embedded programming experience and a
desire to travel/meet customers.

This is an opportunity to join a growing UK-based technology company with clients in the
global aerospace and automotive electronics industries.

Call +44 1904 567 747 or send a cover letter and CV to recruitment@rapitasystems.com

== =RAP l TASystems Ltd.



