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EMBEDDED SYSTEMS AND THEIR DESIGN

1. What is an Embedded System

2. Characteristics of Embedded Applications
3. The Traditional Design Flow

4. An Example

5. A New Design Flow

6. The System Level

7. Course Topics
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That’s how we use microprocessors

General purpose systems Embedded systems

Microprocessor
market shares
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What is an Embedded System?

There are several definitions around!

= Some highlight what it is (not) used for:

“An embedded system is any sort of device which includes a programmable
component but itself is not intended to be a general purpose computer.”

s Some focus on what it is built from:

“An embedded system is a collection of programmable parts surrounded by
ASICs and other standard components, that interact continuously with an
environment through sensors and actuators.”
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What is an Embedded System?
Some of the main characteristics:
0 Dedicated (not general purpose)
7 Contains a programmable component

7 Interacts (continuously) with the environment
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Two Typical Implementation Architectures

RF
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DSP core RAM RISC core

LAN

S/

Programmable processor

ASIC block (Application Specific Integrated Circuit) | dedicated
Standard block | electronics
Memory

Reconfigurable logic (FPGA)
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Two Typical Implementation Architectures
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The Software Component

Software running on the programmable processors:

a0 Application tasks
7 Real-Time Operating System

o /O drivers, Network protocols, Middleware
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Characteristics of Embedded Applications

What makes them special?

m Like with “ordinary” applications, functionality and user interfaces are often
very complex.

But, in addition to this:

7 Time constraints
7 Power constraints
7 Cost constraints
o Safety

o Time to market
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Time constraints

s Embedded systems have to perform in real-time: if data is not ready by a

certain deadline, the system fails to perform correctly.

o Hard deadline: failure to meet leads to major hazards.

0 Soft deadline: failure to meet is tolerated but affects quality of service.
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Power constraints

m There are several reasons why low power/energy consumption is required:

a

Cost aspects:

High energy consumption = large electricity bill
expensive power supply
expensive cooling system

o Reliability
High power consumption = high temperature that affects life time

0 Battery life
High energy consumption = short battery life time

o Environmental impact
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Cost constraints

» Embedded systems are very often mass products in highly competitive
markets and have to be shipped at a low cost.

What we are interested in:

a Manufacturing cost
0 Design cost
0 Material cost (Bill of Material)

0 Warranty cost
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Safety

= Embedded systems are often used in life critical applications: avionics,
automotive electronics, nuclear plants, medical applications, military
applications, etc.

0 Reliability and safety are major requirements.
In order to guarantee safety during design:

- Eormal verification: mathematics-based methods to verify

certain properties of the designed system.

- Automatic synthesis:certain design steps are automatically

performed by design tools.
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Short time to market

= In highly competitive markets it is critical to catch the market window: a short
delay with the product on the market can have catastrophic financial
consequences (even if the quality of the product is excellent).

7 Design time has to be reduced!

- Good design methodologies.

- Efficient design tools.

- Reuse of previously designed and verified (hardw&softw) blocks.
- Good designers who understand both software and hardware!
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Why is Design of Embedded Systems Difficult?

7 High Complexity

1 Strong time&power constraints

In order to achieve these requirements,

3 Low cost 4 systems have to be highly optimized.

o Short time to market

1 Safety critical systems Both hardware and software aspects
‘\_have to be considered simultaneously!

Aokl Llas¥ magad 3L Jlgadl e o CBgan Amaall Zaai¥] 55489 (il JS L yaial of day

Soaue

el Slass LoMs

desmanlly aliadl @l « ookl Lo lss @1 bt Laslay Sl aga
Budae caillyg 6055 Aalas¥ll: Jladl wdasll o
A8 38l cllrady danyee 0985 () cazey: A8lallg el 298 @

B Sl 7 W Basy 0555 Of cumy: dndseil | A o

https://manara.edu.sy/



https://manara.edu.sy/

6)liall
ZLQJ_«@LWJ_@ ‘53.‘«.\.‘;‘\'44.5.” J};a}" ly e
Lales 2853909 2ial (165 0 ey Al dom o Aalasi o

a3l JI (highly optimized) Lltie s litimme Lot 0680 ooF s last) clidlazll o S 5o (KO
.EL?).:
AL il ! s
Lol @ 7 Lkl ﬁ.ﬂ dl e Liag
"cdgll wai 4 (Software) obzadly (Hardware) sliadl col g2 § aidl cumy”
Slemma iy sliall LIl p-.g.ma.'i.” by J).uig PLINES [FPORI NS (o L_? 5\.:3\)_“ x> 9 ol 1da
(Hardware/Software Co-design).
Slazma ) 3358 U Loy 0 Big AST] Aoy @y aliadl (33,8 OIS (b ladd!) dpudad) 4as ol o
Adlie ps Aelasl ) (50559 diuday dasylall sia Lz
o1 ool e Lo ulizmandl 30,89 sliadl 3,0 Jany: (Rmazesal!) Apued| Adsylall o
Sldlazag Al Kasbuadl (e 350 lymll S o (lae Dlemy i 5Ll USia qsasans
REESY (g e 53558 Lewd! IS !
e o) ol (& Aone Aad)lys duais Juad¥l (o o lae 5385 o oy B Lll iy 0
Belasdlg &e yudl 45518) L aLall (ASIC) dyayases sbic Aalad pasald o o (ol Sy Jyanl)
(80 nt LSy
Slagdas aywdl faimss slic Slasg e Goios pgdl &8 casly Il d oladlall: Jle o
Lo 058 o) Laaa Lmma s p Ll i dais o gm0 > (" jie
Sl yall dlsesly AlalSa 8|9 B oS ilezmapdlg sliadl ) Lol s cclladl (v ) aue ga O3lgadl 1

https://manara.edu.sy/



https://manara.edu.sy/

A
d2ola
6)tioJl

An Example

The system to be implemented is modelled as a task graph:
o a node represents a task (a unit of functionality
activated as response to a certain input and which
generates a certain output).

0 an edge represents a precedence constraint and
data dependency between two tasks.

Period: 42 time units
o The task graph is activated every 42 time units =
an activation has to terminate in time less than 42.

Costlimit: 8
o The total cost of the implemented system has to be
less than 8.
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/" Informal Specification,

i > Constraints ) Iraditional Design Flow

: l \\ 1. Start from some informal

: : i specification of functionality
| pmmm————— | Modeling h

! w\\\ and a set of constraints
i ’_\—‘Functional 2. Generate a more formal model
Simulation of the functionality, based on
( Sﬁggee'}] / some modeling concept.
- Such model is our task graph

3. Simulate the model in order to
needed make adjustments.

4. Choose an architecture
Hardware and (wprocessor, buses, etc.) such

> Software that cost limits are satisfied
Implementation

X and, you hope, time and pow-
% er constraints are fulfilled.
= ) . 5. Build a prototype and imple-
Testing f«—{  Profotype ) ment the system.
OK 6. Verify the system: neither time
nor power constraints are sat-
isfied!!!
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rT Constraints Traditional Desian Flow
: i \\ Now you are in great trouble: you
: - N have spent a lot of time and mon-
| p=————— »| Modeling h
1

V\\ ey and nothing works!

¢ Functional 7 Go back to 4, choose a
Simulation ;

System | __—% new architecture and start

Model a new implementation.

o Or negotiate with the cus-
‘Select Architeciure ‘ tomer on the constraints.

Hardware and
——— Software
Implementation

Testng |e—  Prototype )
OK

not OK

Fabrication
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The Traditional Design Flow
= The consequences:
o Delays in the design process
- Increased design cost
- Delays in time to market — missed market window
o High cost of failed prototypes
0 Bad design decisions taken under time pressure
- Low quality, high cost products
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! Functional
i Simulation

/ System | _—%

quel
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— | Select Architecture

Hardware and

i ——— Software
i Implementation
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Ol
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Testing (e«—  Prototype )
OK
Y
Fabrication
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Ty Example

»
o Ta) = We have the system model (task graph) which has been
: < validated by simulation.

_ » We decide on a certain pprocessor up1, with cost 6.

h
)
=L o
’T 7) m For each task the worst case execution time (WCET) when run
N, on up1 is estimated.
e
(Tsg)
Task | WCET task
Ty | 4 Il
T, 6 =
T3 4
Ll uprocessor
Estimator {«——
| 8 _arch. model |
R WCET
Ts | 10
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An) By 12 Gyiiads g La¥l AT Al o
Logaad: o191 g e 2L 201 cslaglall US (91 Lty (6 < 8). agudn A2ISN - 5las | Jof § Limms wa!
Ao JS 48 a0l gl cdgdl s gy Jodzg cal ll o cilisleie¥l mio gy Lalass
AL il 5lnsl (S Ja nbolexe¥l smg uafl oda J) larll: 9o o8 dele comi ol cum g1 1l

Sawin) B9 42 g9 Ll sl (o 8T (05 @ (Tg dIT1 o0e) 1S
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T Example
YO
T2 T3)
We look after a uprocessor which is fast enough: up2
VW
T5 {I@-" For each task the WCET, when run on up2, is estimated.
T4
4 o
'\Tj} Using the architecture with pprocessor 1p2, after generating a
\ ; ' schedule, we got a solution with:
(Ts) o Execution time: 28 < 42
Task | WCET o Cost:15>8 @
Ty 2
T2 3
Ts 2 We have to try with another architecture!
Ty 3
Ts 4
Ts 6
Ty 3
Tg 5

G A Aabaall bl J) ¥ Janis (T liday o 4¥) pp 1 lall e Jo¥1 Lirlgloma culid of iy
Skl puelian!l BLaSiu!

ol dele Bllaid g aly 5581 llae pluziwl sa gaadl ddl (o8 o lo¥1 § culK Al i by ©
Hp2

ozl @lall e 5,00 sis (89 cRage JSI i) (pa) yotds Budes dad il Lilas LS o

F>9 O yriud ;ur_qai T1 ! Hied S dﬁi mi Zl.mj)“ Qi &S Jguxll QL}M o
el ekl 1da 6 1) 12 (e Ley pdses! (¥ ol aI)Te Aaglls o4 (o Yoy Ladd (ya5

Bl Jeds
A bl e blias cup2 dpasd! glall alasiuly sl ) Ialases o157 Jels day

28<42:0.:dl cpay @
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szl Ll degll (oo i ST iag «aid k) by 28 § dalea S sl¢l (o0 pllasd] (Ses o
Sliee el 1 e yudly elo¥l Amls o0 42 g9
15> 84K
@ s Jssanil o

1288 (A Gouadll Lilslne Lais Bumg 15 (2 (593Y1 Pllall 2l Joiid (1) Jdl lia 3G o
S S Al el J=dl 1

(&3 Ay oy O Liele
LSS Boin Baglie 3 (Y1 Liady
Tz e s 05 LSl 448 Ly Lass) oS : (up1) Jg¥l dxdl o
ol Laaly S0y 2LaST1 44d Loy Ly o3 (pp2) GLIT Jdl o
Glos s clim ol ¥ el @l onkie Jos s> g 1a (oo, &l S 3oy yaliag bapusy Jo> a2y ¥

Lelag) AST Jglony pSasll

T1| Exam P le

We have to look for a multiprocessor solution

a In order to meet cost constraints try 2 cheap (and slow) ups:
up3: cost 3

is \
Ty N upé4: cost 2
1r—7’ interconnection bus: cost 1
N \\?_ /
\'\._;"/
Ts np3 np4
— WCET ’ !
Task : . Bus
up3 Lpd
il s 6 For each task the WCET, when run on pup3 and up4, is estimated.
T | 7 9
s | 5 6
Ts | s 10
Ts | 10 1
Ts | 17 21
T7 10 14
Ts | 15 19

https://manara.edu.sy/



https://manara.edu.sy/

6)liaJl
ol 1 1 s ()l Alaaly o Tz Aiday LioS0 Lo) clind 3 Aol us gl lall Jslo o Ly o iy
cslalalf Bacaie Aky ol seialy 5,11 siag Apadlog Lelu) ASYI il
ladlall saaie Jadf Al Aglad

Onellae Ladseial o3 13ke ¢ el Jaaliy (§58 alg las (e slaze¥l e Yoy La 5,840 o
sliall sl guamatll a5z 5o lia Slogn danll sose miisn psdis (Uasl 5) el pas)]
Slezmapdly

Asall addl o
24518 ppd 93 4alSa pp3 iplassy ol o
1 24K (interconnection bus) Lege JLas) 156 o
13315 AL : J o1 Julonsl]
Lol jrer pils Jodl 1 Jar Jg¥1 J1sad! (e s OF o e 15¥) Jiualas § pmgal O S
JEL 2+ ppd A+ pp3 Aaks = allesyl 4Kl o
6=1+2+3=adleadlaaiKI o
(6<8) ¥ Al Aa i oo g2l Jxdl 1da L8 8 (2 Goumall Ll o Ley @
el oY1 (gotoes J) Jais )
ondlall (e S e Ao S elol W gy gl Joudl - o

pp4 4 &lae (17 (e3)pp3 e 3K &yl T Aol Miad . oillate Luad cnsedlall o Lasds o
(21 (5a3)
RYRES [proweeal &;.u-.ﬁl
el crasas § Bladl il (po (B9 Budang By Ui Lwasd Lals LSt 2ol 5las | 3 lsess aal
." (Task Mapping/Allocation Problem)‘»an_U ol Alun" 5 (8,255 Lmal
(San slal gyl e Juamid (pp4 g pp3 )ons bkl cnmdlall e Gl aldl oda §395 oSt g (1 Jlgul
42 g9 Sl cadgill (e Jai Jlea¥l elo¥l 1 (98w Jag pldl Jalase § olsleied! peen alfsl 2o

i) Bulg
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e Jhas¥l asls ozl Flall s de T2 9Ty s Jo Slied 3uaas (optimization) Jlieiew! Uluw sia

S&3lstl oo lsatud cnalizs rmdlas (e Logaas a1 S 3L

4Kl

T Example
(T2) T3)
Now we have to map the tasks to processors:
:_,_I_—’;\ r}é\l up3: T4, T3, Ts, Te, T7, Ts.
NN up4: Tz, Ta.
/ 3 \ \."\
T4 [ !, If communicating tasks are mapped to different processors, they
| have to communicate over the bus.
s Communication time has to be estimated; it depends on the
':IS“ amount of bits transferred between the tasks and on the speed of
WCET the bus.
Task
up3 up4
T | 5 6 Estimated communication times:
T, 7 9 Ci2:1
T3 5 6 Cssg: 1
Ty 8 10
Ts 10 11
Ts 17 21
T7 10 14
Tg 15 19

niall Lol el G Sl (Bl 1 o5 LT BuSTig gl Ll of s

Jlas¥ 481G Glusg ‘aLQ.U ot

Shyd e gllas 6 e Janis Zaga (5 Ol HLaN 3Las! ulas (22 (Mapping) pamasd! o

AeSTy allasdl ool e (350 @l
ol 31,8 ol 11,8 W s yal 2oyl o
(T1,T3,T5,76,T7, T8).aL Al plaxe dpails psiiwe : pp3 ilall =

(T2, T4).dadd (nioga dudily poduw: ppd Plall =
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Wcmbm.&m‘j&dﬂ|ﬂ|L@JA&‘MQWMM?L@M&‘A! o
JBL e Jaxis O s liledl oda 016 cppd (e Aoga J] Leamals Jleosd pp3 e e
LBy iy Jy <Liilma utd JLan¥) 122 «(Bus)

s JLas¥! a.ujﬁ.\.as .
iy Uil ey 401 JBLI e JLas¥ (pe) 5 ol cam caledll s o3 Lyas LS Lales o
L, ) (aazedll e 2l JLas¥l |ia Lpd Giamy &) ¥ el
T dIT1 oe cbiled! Jlay) old cppd JeTo opp3 deT1 o i Cg-2:1 =
Bl din By B pdiuutws
Tg JI Ta o oblad) Jlay) 0l cpp3 UeTg sppd AeTa of Loy Cgoge1 =
By ia Bukomg Liny (3 phiintss
Laad 8,897 Ly 9 pall Sloglall S cimpol wal: Asl@ll sglaktls Auadlxl!
(Lakasll ) pLdl o wlisbexe¥l 1
S bl ¥ 3Ly JLas¥l e 3

o) olusg caldl sda daidd 3.85 (schedule) &) Jou> 2299 «laglall sia K asd & o SECIEP]
il ezl aieall 1 cldlall saate Jdl s Ja ldlgee (e e 1 GiLE! ST daiad)
Saia) Suimg 42 59 SLlidsl
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(T Example
i - \\
/ ,
¥ S
T2 T3)
up3: T1, T3, T5 Te, T7. Ts
A uphiTo Ta
T (g
4 s C1.2: 1
\‘ L\T?} Cyg: 1
%
'8 We generate a schedule:
WCET
Task Time © 2 4 6 810 12141618 20 22 24 26 28 30 32 34 36 3§ 40 42 44 46 48 50 52 54 56 58 60 62 64
o3 | ot
) 5 p wp3 LI J 13 Ts | To T 1 T 1
T2 7 9 up4 [ T T 1]
5 ° 6 bus 1 0
T4 8 10 C1a Cas
Ts5 10 11
Ts | 17 21 We have exceeded the allowed execution time (42)!
T7 10 14
Tg | 15 19

alalall suaie Joeld 2lal Al AL 2l

Ol pgdiv (B pe Jlas ¥l 23l Uiy dlage JSI alldl Luayas g pp4 o pp3 cazelladl dudy s o) aay
ALAI 8 duasdd (schedule) gy Joua s Lask

Aand 8§ gl gl e Jand oo (6T L gy o3l Ll Iia
! e Jo¥l llall Ladas, @l alll s gu: pp3 ivall o
S Pl ladan &0 Ll ibgs: ppd iall o
ordlall o Ll Jad (8L al il @i Go miosei bus Ciall o
Jad (C1-2) JBL sl oy cLel@l dasg pp3. e yaio oa3ll wie T T1 o caiS (655 cdabasell Liayds 13)
1Sy T3 dpass Gpp3 Tug codsll puis 35 T2 daell Tus (KT ppd ) Lemals
Sl o

Ll Ll g dsly s ddly (! Hldl) Jalazell 1da 3 Gy slus Jobol aas I (30 ©
ALl dmdd) ) Juas cbialere¥ly JLas¥ 2wy sl
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(42) 4 ool | Al (oo Ljgloms wal o
a3 Buom9 62 (ylay (o) i (915 Tg 8] Aell (bl misgy LS o
A} B9 42 g 4 a7 Lide OIS sl aylall Gl aesll o
Jdd a8 Lyl Jdl e ole 62542 0 ey ©
Jliall aslad! aadlall
eyl jlas | § Jaas (up1) ldass Lawsy o Loy 1
Akl slas| @ Jaas ((pp2) Lakeg layyus S Ly 2

Jeloenll a2yl sLas ) @ Ll Jas Sl ((pp3+pp4) Lass g colatlall suaie Leeluy) Mo Loy 3

.Bedl
Jonll. 2l CHLASIAY (e Budine Hales 9o ulatll ggiul ] e Amontl pladll a3l s Ioa
c&.&oi Jabu ﬁ‘.&;’;‘i.w\ 31 s“éLQ.Q-U it e)}? Zb).'ﬂ G?LL” J=dI u.l]a.‘i,g A8 .)}é.” u\.c T.‘xubb Q}Sﬁ Y3 @244.”
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L, Py T
(T1) Example
4 TN
A \‘-
4 .
T2) T3) . : . .
Try a new mapping; Ts to up4, in order to increase parallelism.
T!“ {\-'L . Two new communications are introduced, with estimated times:
s (ls)
v Y C35: 2
T4\| \.\'. .".. c iy 1
o/ 5-7
T7)
\.‘/-I:‘(.//
% We generate a schedule:
WCET
Task Time © 2 4 6 810 1214 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
e e R T R AR
o 5 p pwp3 LI ] 15 | 1s ] 71 1s ]
T | 7 9 pp4 C o 1 ™ | 715 ]
T 5 6
} bus 0 O 0 0
Ta 5 10 Cia G5 Casg Cs.7
Ts | 10 11
Ts | 17 21 The execution time is still 62, as before!
T7 | 10 14
Tg | 15 19
&5lgitl Babsy sl Il adgleedl

) Jad Fasl J81 oS ppd Leigy cJaadl planay psdy pp3 Fllall o Aayladl Wgloell §:5,5a00 o
&5loidl 5L sa Caudl ppa Lolsjl Ja¥1 lall JI pp3 o> 3500 lall (e (TS (29 skl aL Al
L) 23 Cruwmly
IS L 3 TS dad) Jas . daylie (o pacsad )8 does ¥ clialai LS oS Aakdl 20K o
3 el e 859250 (T7 5T3) Law iolons @1 alldl o (8L pe By JUas!
(C3-5:2) o) L“,?,\}j_éJS._»TS dIT3 e Jlas¥l o
(Cg-7:1) Bl (03 B9 aIG T7 JIT5 e JLai¥l o
ALl dzmdid! ks
Al ] Jyas ALY Jlas¥) aldlS5g szl ajentl i Qlewsell 3 35l duas g3 Jgus sLad] amy
sl

Ji (ra O LS 62 JI3 ¥ dplidd! (e
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§ Jeell s iy o 13

K ST lalsas] Sl ALl Jlas¥l a5k o8 caladlall (e sl auies ety Liad Ll oo iyl e
(51521 cre Ledaioms 3 Juli LS 501 w1

Flall i e cniaga lay) g ¥l e 05 Ll Lolee o JLas¥l: dejoll elaill cuaias 3 aeds oy 12
Orbaiie cazmllae e Logaisg (o Yy clagrer bl Jliy) e bl sl sl el (] o o 55)
Jliaial les oo olaill sgmall e olaill eaoas o mags dsghall JUU s Jlield 2Ll dadlsl
WJhas¥l IS sl (s Mdoes oy 7>l psasasd) Al clile| uz g5 ¥ 5udas(optimization)
el Aaladl LAl asatll wles 6 5 10a 35280l S (ol il J1 Joedl s sstall sl cilislazcls

) Example
P
T2) Ts) up3 up4
T 9 ¢ .
X _':\ kr TN
\ T = Possible solutions:
""-‘_ » o Change pproc. up3 with faster one = cost limits exceed
f:_':a,i' o Implement part of the functionality in hardware as an ASIC
o L CET = New architecture
* 3 Lpd
s Cost of ASIC: 1
T 5 6
L] 7 7 = Mapping
Ll e up3: T1, T3, Te, Tr.
B L p4: To, Ty, Ts.
o | u ASIC: Tg with estimated WCET=3
1s Y 2 o New communication, with estimated time:
T7 10 14 CT-B: 1
Tg 15 19

(@LL") ! Joedl B sy due iedl Agled
Lt B T oo lllally (Lale oS ! lally (Lo o0 g 1 @llall) 4Ll LsWolomn S culid o) ay
alizmaply sliall clial) sueiatll yage miogs @l Jodl ) dua (3 Lar¥l carun catdan

ARl Jdl e

B ol Totgaas ASYI ¢ ol daais pgds o(olzmand) Sladlally ¢ o S U Wglme (0 Yoy ©
(Batatl| 5300 ALelKie 313 ASIC) g5 yasaies slic 3 pllaill e cudgl)
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Bl Al Jdms

: (New architecture)dewiid 4ddl o

slie dakad Lagpilomsg (ppd 9 3 Crvass 1 cnsdlall 1o O9ST0 e allas 31 Lyl @.‘ai o

ol Jdees o
pp3=34ks o
ppd =215 o
ASIC=12aK5 o
1= 8l ks o
T=1+1+2+3 =¥l 2 o
A AU (e aa b Jdl da 018 8 (2 Gouaall Ll i Ly ©
: (Mapping)els¥ly sldl parass o
Osass Il pndlall e oLl @lase a3s3 @3 0
ASIC L g ppaies o5 TS T b s ol @1 Tg 2o plg 59l 2a ) oS0 0
Hp3 e 155 &slaa Jadd diny Slusg3 42 ASICH JeTg dudis ey @ilall ela¥l LasDl o
Bl pyudlda

Tg J Lazmals Sy zlms pp3 heT7 ¥ ¢ (Cr-g: 1)Bugu Jhas! 4S5 L 35 1da cadally o
ASICHI e

4Lyl Jlas¥! 48l Ugun pogaiw (3 4115 (10)Tg Al dudis (p03 G B pagasdl: Al duadlsd!
42 ga9 Sl aesll (o iS5 Jai S 9uai 0w I (25w (A3 Bug 1)
(Tg) dz =l Aagll Lo el ety Lo Ul 5940 Juandl Q Slemapdly sliall ALl cuosaill g2 lia

slie alasial Ao pmdl el 509 cduais) Loy Slatlas (e Lalall sl aay (nzma J> ousiats Liady
ALl Joloedl IS b it Lo g lae Aalillg ola¥) ua Lidi> 14l jamiee
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What did we achieve?

7 We have selected an architecture.
7 We have mapped tasks to the processors and ASIC.

o We have elaborated a a schedule.

4 ™\
Extremely important!!!

Nothing has been built yet.

All decisions are based on simulation and estimation.

- J/

= Now we can go and do the software and hardware implementation, with a high
degree of confidence that we get a correct prototype.

Soliddis é.’\." L

Lo Il sladlall o pes () gzl Al 29 (architecture) dewaia 2y LAs I ual o
(ASIC) oyl slzally

i daga sl Bllas T e Janis Zaga 61 1,3 : (mapped tasks) ald! luasas ual o
(ASIC)JI e

Gl a2z Ll (gasall) g3l Jguzdl 529 : (elaborated a schedule) L3 Youn Liang il o

:OILY e qa¥l dlasll
gl gl sl paed @
il B8l e Apa lylyal S o

O i..\..’»bij.‘a.m u.’iS.»gi by alic dakd (é"“ Qi 9o “_;‘iéj @-L’» (sl Jl Loy Lui}b sbidas> 3l p.ﬂ
Jos 8,80 AUy ] 1ol g oo g B Leag (Ao dad e Bylee (,€ Likae (. ,_.;LQ‘J‘ KyLe)
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at, duad) AU Byl
dsl z3se5 (e hammivn Ll 281 oo Adle Aayig csbially cilemondl dudisg oladdl LSty ¢8I o
e
(Sdazll Hladly Hludl 1da (s g ra9ll 3yall sa ldag
a0 "dels” i J¥1 z3gatll oLy ilompe J) Jums S« gurelatll Ll 3 o

Lead ¥ ¢ Jamgae 46T cnall (e Adle Aoyt "y omig Al Ll s ) i cgadl 5Ll 1da 3 o
Mol (Sl @ 1) Gosll e paasaills 2alallg el Slie JS Joey

AuBgign STy« asly ol dudis Alas gzl 1da Hlad (¥ Gamiag S Jalmadl § el b padilael !

" Informal Specification, \1\

e el |

What is the essential difference

\_ Constraints o
) \ compared to the “traditional”
) AN design flow?
_____________ | Modeling -
) E:"mnﬁ}g%ﬂ o The inner loop which is per-
I . 7 System ¥ ) formed before the hardware/
- AArch. Selection < model \\\ software implementation.
System + : N This loop is performed several
_architecture /,_" Mapping ~—— times as part of the design
) ¥ / ¥ Space exploration. Different
Estimation > Scheduling | architectures, mappings and
schedules are explored, he-
/-—*—Mapped and ™ IQLe.th.e.actuﬂ_LmLe.meniatm
ROTOR scg%cétgled m and prototyping.
\ - JOK Y, 0 We get highly optimized good
Hardw‘ére and quality solutions in short time.
»  Software We have a good chance that
Implementation the outer loop, including pro-
) - totyping, is not repeated.
o Testng -«  Prototype ) yping P
OK
‘ Fabrication ‘

el jlus @ LaLigl, G JSLAL S0 el W sy éﬂljé.}d|3 oo praaid| jluw L (o yaiu
.é.Ld.EJJ\

SgladlHludl e ra9atl 3yl 52 Le

WU yo § sl S ;S0 (S Laduass oy (inner loop) &dsls 4al> 3929 9o «(§ra9ztly owludl (3,4l
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(Design Space Exploration. peesatll s Liad CLASIw!) (oo izl qpamtll Aglae (B 2 dalxdl sda
SAS Akl sia Joad caiS
xS S Bl Sl shasetly s caay ooF § Ja¥1 @ slaadl HLast o Yoy
ppT saws I @kl sl et (Arch. Selection) Ao jie &gy sliss .1
Flall lda e Aage IS dsais (a3 st (Estimation) ¢o¥1,045 2
058 g1 e Jeriu Zage gl 5505 (Mapping) ald! pasass 3
dedis Alas o 1 (Scheduling) Loy Youz a4

SURPEAPE] Jgi z3ga3" &liey Ida : (Mapped and scheduled model) Jsizs 73905 (de Juammi .5

A8lLly (o3l 3948 s S ) 928N 2 3g0ill I 8 Lnay pgii: Sl Gamall .6

) Byl,5 g sga ALty cyomi il s ¥ Wil o(UL43)"not OK” 2l ol 131 o
Fags N Aanyedl Aalol sda deaiy (Loles Aalisee 2y slises of caleall lalins Lagnses

"OK" dizesls 055 o ) s o «Biliien oyl cnadSiue (Sl bue Adenll sda 5, o

ol luall AL1 sl gall
sad cdy § Adliag bagatl Adle Jol> e Jiami o

e O3se oSen o sl ) ol LiSlay L8 Tl ol &y pubaias ¥ o
EE N PR PEFIS]

BYCCRA TSI ES [ FIES[FAN RES VP JEIRT R
¥ 735l el Ao ) Jazisg "2 S Aalnll” (o Tn5T 7y Lodie . aS¥I 3500 poda o
Lain 2o Dl S Liad B (55 ¢ aall
Lo ¢ Js¥1 8,01 (o L) 9 mamive Laidod! Jo¥) 739l L Tuzr 2dle 445 Lilamy i ©
s gelatdl Ll Lo ) dlgad) Liimsg JUIg w8l (10 dlila deS 09,
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The Design Flow

« E Lyerificati
o Itis impossible to do an exhaustive verification by simulation!
Especially for safety critical systems formal verification is needed.

= Hardware/Software codesian
o During the mapping/scheduling step we also decide what is going to be
executed on a programmable processor (software) and what is going
into hardware (ASIC, FPGA).

o During the implementation phase, hardware and software components
have to be developed in a coordinated way, keeping care of their
consistency (hardware/software cosimulation)

Agigag bdae Lalas
(Formal Verification) g | 3az=d|
BELell pluseiwly Jold 3ams elya| Jemiadl 0 o
Sl gyl S ddas La@Say ¥ (1438 LIS Lagw « jLiisd g HES{R RS do da@s>osda o
L] adaiug ¥ STy e las¥l agmg ity oo 4iay HLasY| udas plas 3 el e¥lxlly

Lasgg pus

)%QJMTQ.@Y%L:_QBLM|w@b%é;@@}&;w}w\:wﬁdm o

Aol codlad plasiul sag. ! Gazdll J) do by (s Aadlad] Ao padl Aadasl el ©
Sl ¥l S 3 Bsllall Aol (asbasey a3l Liasasad oo oldY doylio duilaiag
Lo a5 Sl byl @l ety Lot Lles

(Hardware/Software Co-design)cslizas 19 sbiall AL puayadd!

(il s (pe 098Iy g9 (optimized) Adlis dakasl ¢l L ey (s (ulu¥l Tl 5 1
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(Partitioning) euudddl >ypa .1

el iU gllae e ooedis piuo g1 Lo Lyl 5,5 ca Lkl Wiz g passades Sglas M 0
e df o= gddl Loy (Sibizman)

casllygdl (2 Lo yasg plasll Judmiy podi . a3¥1 Wlie 3 Lalily () Az LY Bolasll (poda o
SASIC o asnis slic ) st comss 251

(Coordinated Implementation): gudl| Juaiid| o>y .2

Al s lay Silmapdlg sliadl SiligSh pglai s ©

lee Jlsb 3ads IS Las olizmand! 33589 sliadl 33,3 Jany 0 ey L8 e quediall 53 0
BEYN]

IS HAL R PSURPUR EIT PRES IR P U B PURL, PPTURRI I U JU PO
o gl sliall 38Les Jya iy a5a3 (Auatll s 3(hardware/software co-simulation).
Tz S g § Lo JolSH 9 cllas]

.595}53‘3 din?‘ EY) M‘ ‘.\.‘J Lisss ui U’““A"J djm‘
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o Informal Specification,
\_ Constraints %< _

H
1 ~ -

R ——
T fommmmemnmneanenne = - - [ Wodeling J«—— ftinctiona
—5 Arch. Selection «—S i Formal
P : ~=— System model =</ /aification
2 Sysrfem * | S~
- \_architecture / Map*plng
E | Estimation Scheduling ———
- N0t OK -~ panped and - 1OLOK
w |,_§cheduled mode_[_J\ 'Simulation
| OK orma
It Verification
(" Softw. Model [ Simulation =~ Hardw. model )
— * ________________
t < [ o0ftw. Generation | |Hardw. Synthesis|
E (" Softw. bloc:lzsh“j;'-i'-| Simulation [~-e—~ Hardw. blocks)
2 [ Tesfing |« Prototype )
1 not OK *OK
——— Fabrication |

ALelSte 5oty Bygem d— dadll dasall ) 53,l) Ao el

Solall ¢ 33l (System Level) - olaill (ggiud! -1

91 Gl 258 6T LS S G aST1 Amsl | oy, a ) S 3lses! @iy Lo a sl csylaall s dl cals g 1
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