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*=| System Design Methodology
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Figure 1. System modeling graph

Apr 15-17, 2008 CprE 588 — Embedded Computer Systems Lect-11.3

° | System Design Methodology (cont.)
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Figure 2. Comparison of defined abstraction
models with models in [5] and [T]
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° | System Design Methodology (cont.)

Analysis It involves analysis/estimation of Model 1 10 ¢s-
Figure 4. The general flow tablish its charactenistics,

Exploration This task focuses on design decision which
shape the succeeding Mode! 2. It determines the imple-
mentation details which need o be added to transform
the design to the succeeding Madel 2, on the basis of
the characteristics cstablished in the previous task.

Refimement It focuses on model refinement. At this stage
the design decisions made in the previous task are
impl 1 by adding the imp ation details 1o

Mexdel 1. This produces the succeeding Moy

Validation Finally, the newly genersted Model 2 is vali-
dated
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e | Specification Modeling

The behavior of the design example is shown in Fig-
ure 6. 0t has two inputs (a and &) and an output ic). The
asists of five functional blocks: BY, B2, B3, B4,
and 8283, BI computes v/, B2 and B3 computes v2 and
v with vJ as input. B4 computes ¢ with v2 and v7 as in-
puts. B2E3 s a hierarchical block, which encapsulates 82
and B3. The dotted line in B2BJ represents the parallel ex-
ecution of B2 and B3, The functionalities of the blocks are
shown in Figure 6.

Figure 6. Design example: system behavior
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*“"| Specification Modeling (cont.) ° | Specification Modeling (cont.)

os . . . .
o ] The modeling features of SpeeC and SystemC are ana-
Vi e el b lyzed with respect to three aspects:
par
-
fegeti

I. Computation: It reflects the capability of modeling
functional blocks.

Data transfer: It reflects the capability of modeling
the data exchange among functional blocks.

3. Execution sequence: It reflects the capability of mod-
eling the execution sequence among functional blocks.

Figure 8. Design example in SpecC: specifi-

Figure 3. The SpecC. MI for the A3t
cation model e Bt oees pinl wd e
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| Specification Modeling (cont.) ° | Specification Modeling (cont.)

Computation Syste DaFa transfer SpecC supports data transfer between
tiem wnits: behaviors through either variables or channels.
Functlon: SpecC fiuncrion follows the same semastics |- Fumction: A function is defined in the same way as the havior has a set of ports w connect to the ports of other
and syntax as the function in C language. A function behaviors. It also has a set of variables and channels th

can be called hierarchically and excoutes sequentiall . Lo .
e s e e e ey connect the ports of its sub-behavior instances. Like behav-

i to the calling sequence . . .
iors, channels also have hicrarchical structure.

ch be-

ace

nenmlm— SpecC bekavior is specified by a hehav- ealls, it cannot imvke “"‘-‘J“"--

Fhere are two ypes of behaviors cranchical modeling of processes is not passiblc.
besanior and compasite behavior. A leaf behavior
may coetain hisrarchisally called finctions but it does

3. Modube: Modiles are structusal entities which serve
as busic Blocks for partiti Ml Data trar

sfer Dt transfer is modeled by connecting
muodules” ports through either signals or channels, The data

instances. Thess instances may be exe

ing in pare
alked, pipeling, or FSM fashion, which are explicitly
specilied by par pipe. and fim constructs |5] respec-

transfer between modules essentially means data transfer
between processes in different modules. The data transfer
consists af the instantiation o S between processes in a module is performed through either
signals/channels connected to the modules” port or signal-
artables declared in the module.
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o c SvstemC e | Specification Modeling
pecC vs. System

Exccution sequence  Functions cxccuts sequen Exceution sequence Sy
SpecC. In case of behaviors, SpecC provides two mecha-  scheduling of exccution soq
s 3 el xecution S nisms for dynamic scheduli

Design

o oy suppors dy
e There are two me

Statie scheduling: 10 ihis ¢
tion of behaviors is explicitly specified wih par,
and fim constrcts[5), the
being sequential.

1. Static sensitivity: Whe
mechanisz

SpecC wses ¢
SpecC hasa data 3
.|||d the wail and motif statements which .
o between behaviors. When which is the same

ted, 1l - Spec. A process &
until the waited cvent ¢ the waited event
behavior is notified with notify ¢ statement, sans/Tesumes execution.

wais-notific

2. Dynamic sdm‘lulln

Dynamic sensitivity: The dynamic sersitivity mech

n wait \‘II] molify a event If
peoses s nolfid, the peocess

temC ports of modules ¢
eventise_event), therel
b used for synchromization between processes in dif-
ferent modules. Designers have 1o encapsulate events
into 8 channel in onder to achieve synchroaization be-
sach processes.

T

Figure 10. Design example in SystemC: spec-
ification model
Figurs 11 The Sy code for e specit-

eaticn el of behaviars 1.1 and o
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*“"| Specification Modeling (cont.)

1. SpecC uses a behavior, which is a consolidated repre-
sentation for both structure and behavior. But in case
of SystemC, there is a separation of the basic struc-
tural and behavioral entities. The structure is modeled
using (modules) and behavior is modeled using (pro-
cesses). In summary, SpecC supports behavioral hier-
archy which is not available in SystemC.

2. SpecC supports static scheduling while SystemC has
to depend only on dynamic scheduling of execution se-
quence. Therefore, synchronization between concur-
rently executing processes in SystemC is complex and
tedious to model. (e.g. B4 in Figure 11).

3. SpecC doesn’t support static sensitivity mechanism
while SystemC does.
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*“°| Architectural Exploration

PE1 S

ploration on the basis

ing v

Complesity of functional blocks The complesity of func-
tional blocks is estimated by profiling the specification
mmodel.

The exnccut
o by amalyzing the spo

Execution sequen:
Blocks is dete
mod]

Figure 12, Design example: architecture ex-
ploration result
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*=“| Architectural Exploration (cont.)

Figure 13. Design sxample in SpecC: after PE
alloeation and bohavies mupging

Dymamic seheduling For the dynasic whalulisg of

Figura 15, Design sxsmple in SpecC: aher
static sehedubng
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*=| Architectural Exploration (cont.)

Figure 13. Design sxample in SpecC: after PE
alloeation and bohavies mupging

Figure 16. Design example in SystemC: after
PE allocation and behavior mapping
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° | Architectural Exploration (cont.)

.-\||1\“\\'nrr1< event) is created for cach global signa
is used in the sensitivity list of any process. This newly
created event is substituted for the global signal in the
senitivity lst. It is used 10 achicve complete separa-
tion of data transfer from scheduling and to perform
scheduling using dynamic sensitivity mechanism,

Figure 17. Design example in SystemC: after
step 1 of memaory mapping
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e=°| Architectural Exploration (cont.)

local copy of each global signal and its correspond-
; incd in the processing cle-
-

e the variable

A channcl and a pair of processes is inserted for cac
i y B global sigral, The ch
Between the cormespan

in the proce

o the insemed
ing after inserting the proce
copics of the event,

s dane using the local

P Y

Figure 18. Design example in SystemC: after
steps 2 and 3 of memory mapping
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Architectural Exploration (cont.)

]
PE1 " FEZ 4, The local copics of the comesponding events and sig-

£ nals are merged, if possible, This is done in onder 1o
replace the dynamic sensitivity by the static sensitivity.

Figure 19. Design example in SystemC: after
step 4 of memory mapping
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e=-| Architectural Exploration (cont.)

5. Since, an cvent in SystemdC is not allowed to coanect

tathe part of a module, an event declared in a module
chikd modules. There ane
folloning two passibile solugions.

{3) The
ment are ez

al events in each processing ele-
paalased by channels.

1) All the modsles in
mved while beeping the
il between processes, rather

processing element ase re-
s processes. H

an event is used 10 sche

Figure 21, Design example in SystemC: after
Apr 15-17, 2008
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®=| Architectural Exploration (cont.)

PE allocation amd Bebavior mapping  The archurechure

refinement step involving allacation, partittoning and map-

ping 15 easter usmg Svseem compared o thar nsmg SpecC.

Since the refirement changes the belavioral luevaschy, be

haviors in SpecC have to be rescheduled. On the other hand,

maodules in SystemC can be eastly moved across the parent

module witious the need for reschedule.
Scheduling In general. the complexsties of dymanuc
scheduling usaing SystemC and SpecC are sinular But, un-
plementanon of static scheduling using SpecC is easier than
that usmg SviternC because SpecC identifies the sxecution
sequence of behavior while SystemC does not

sapd on account of the following rvo reasons:

quence scheduling.

Memory mapping  In general. the aschireenuse sefinement
steps imvelving memeory mapping are easier to perform us-
ing SpecC compared to that wsing SystemC. This is can be

1. Use of stane sensumnry m SystemC leads o wnrer-
dependence between data traefer and exscution we

An event seanent i SystendC cannot be used 1o con

nect ports thereby preventing the use of the events of a

*=“| Architectural Exploration (cont.)
Figure 22, Design example in SystemC: after
static scheduling

[ ]

Bus Model Exploration

1. Encapusiation of channels =60 a huesuschical channel

are culy fwo processing slements design ex-
There are culy fwo pr ang elements i owr devign sope the ban

ample, bence we select a bus busl %0 connect PE and PEL
Bodh channels cb/ 3 amd cbi4 ave mapped omo bl We
selecn a blockung protocol for bus! with a mavter-siave ar
rangemens o this case PEY is & manter and PE2 1s slave
We do mot need amy arbuwer heve, as there 1s culy one master

2 The funcnonality of the abstract chanmels represess-
ing the buses are mmplememeed wing the selocied bus
peotocols ve. blocking or non-blocking. wath the bus
aeedeled ol the tanuactes bevel

and ooe slave

o

. Figure 24, Design example in SystemC: bus-
Figure 23. Design example in SpecC: bus-
arbitration mocsl artdration medel.

Apr 15-17, 2008

CprE 588 ~ Embedded Computer Systems Lect-11.23

using the double-handshake protocol
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muodule by its child modules.
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°-“| Bus Model Exploration (cont.)
After transaction refinement, the next step is the commu-

nication exploration. The communication exploration de-

termines the exact bus protocols for buses from the broad

blocking and non-blocking categories. The inlining of pro-

tocols 1s also performed at this stage and decisions are made

as how different parts of a protocol are distributed among

the processing elements. The communication exploration is —l

determined by the bus protocol selected daiaf)1.0]

PE1 ooy | pez
ach
Figure 28. The interfaces of ind FE7 when

Figure 26. The timing diagram for the double-
handshake protocol
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°-“| Bus Model Exploration (cont.)

The decissons taken at the conmmmacation sxplovation
step are duning the refine-
et The commmmication refinensnt comsauts of fwo steps.

1. The chosen bus protocol s modeled at the bus-
funsctiomal level.

i

Figure 20. Design example in SystemC: after
step 1 of communication refinement.

Figure 27. Design example in SpecC: after
step 1 of communication refinement.
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e | Bus Model Exploration (cont.)

2 The commmnscation functionalsty s inlmed mto the
behavions for muplementation cn the congponents. n
cowne of thas process, the commimnention fmeton-

alaty hias to be sefined md adapted 10 the cougporen
enpability

11} 5;‘
S
IETH

Figure 28. Design example in SpecC: after

atep 2 of communication refinemant. step 2 of communication refinement.

Flgure 30. Design example In SystemC: after

¢ Implementation Model Generation

Custons hacdware syathesss: The bebavior descnp  Harsdware Both the languages have ssilar capabality for
ton 15 synthesired mto a nethst of regster-transfer modeling cvele-accurate model. However, merging of the
level{RTL) eommpormsents, processes hay quite congplex cousideration i case of Sys-
e compared to SpecC where it s faisly ensy. Henee, we
conclude that SpecC 1 berter capable for imglementaton
refinement compared to SystemtC

Software synhesis: The behmiors magped anto a pro-
pramemable processar are converted st C code. com-
paled into the processar’s instaction set, and linked

agmst an BTOS if requared.
Software Tn both the cases of SpecC’ and System(” the

Syathests of b meerfees ad bus dovers: The ap-
plicatica Laver [6] v i synthe-
sazed wnle a cycle-sccuale mplamentation of the bus
peotocals on each component  This requires synthe-
535 of bus meerface FSMDs on the hardware uide and

Iangunge specific constrets and elements need 1o be re-
moved Fusthermore. since SpecC is © based language and
Systeual s O based laugaape, an additronal step of con-
verting a U=+ code to a C code is requared For SystennC.

generation of avsembly code for the b divers on the
saftware ude.
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eo°l Summary
i wplor [ Eany Hasd Trdsoun.
O+ labrary burden
Frrcuting wquence whedilg | Fan: Eaplicn Had Taglacat ]
chasechure it Allocaton md pamitionmg | Fard Reschodule sequired | Eany
EAPPIIE Faiy Whrdrem Dhata tramdee
and schedsle separation
[ Scheduling Fany: Explicit it
[ Tehnice modde Hanesing Eay yiremenal of n PES]
Toamnac tim explotanon Timnacton Proflsg Fasy d
Chimsrl nopelopy modeling Eay Erv ]
[tamnaction reifmesnent Chmnr] Eavy Eny’
Trammacton peovecal e Funy Eny
[T : Eay Emy ]
Channel msing decracas Eay Eay
Commumcanon refimement || T Pancuonal proscocd meemon | Easy Ey.
Chenel=lng Eay Eny
Tuglememanon exploramon. WE R
| mghemenianon refmement || Proces module merpng Easy Moo Comverson of 1
sigual o variable
Table 2. n terms of ndd
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ec“| Summary (cont.)

‘Absmact models WModel mipect Swteml’ Specl’
Specdicanon mede] || fanchonal block module bebrior
schedule event, sapnal wvent defm ¥
ia franater gl Anable
TP-aseembly model || sinucrure blocks module bebirior
Touctonal blocks procen betnaon
sehedile made PEs cvet, spal evenl. defmity ¥
schedule berween PEs channel change]
nin ke svade PEx || sagmal nable
Jta tranaber between PE || channel hanoe]

Bus-arbatrarson model anmse a5 Arch model samne a5 Areh model
Bus-funcrsonal model anmse a5 Arch model samne a5 Aseh model
model || fun swich(SC_THREAD), SC_CTHREAD | fund

Fanchon units. Fancron module

storage vasusble signal buffered sipnal
ks bir bat.

conirel gl sigaal vigaal

Table 3. Overall comparizon In terms of design modeling
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