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Abstract— This paper proposes the first automatic approach to RTL model (Fig. 1.c).

simultaneously generatgycle Accurate and Cycle Count Accurate
transaction level bus models. Since TLM (Transactievel Model-
ing) is proven as an effective design methodolagynfianaging the
ever-increasing complexity of system level desigresearchers
often exploit various abstraction levels to gaithei simulation
speed or accuracy. Consequently, designers repgaiedbrm the
time-consuming task of re-writing and performingnsistency
checks for different abstraction level models &f game design. To
ease the work, we propose a correct-by-construatiethod that
automatically and simultaneously generates both dad accurate
transaction level bus models for system simulatibime proposed
approach relieves designers from the tedious anod-prone process
of refining models and checking for consistency.

I. INTRODUCTION

Despite its advantages, the selection of abstradtieglis and
modeling styles of a bus-specific TLM bus model @agsive in
the literature since the model is sensitive to $atmn speed and
modeling effort [3-8]. Increasingly, more researshis-7] have
begun to discuss how to choose appropriate absmalevels at
different design stages for different purposesgunadually refine
between these proposed levels of abstraction. Fsiarine, a
designer may have a cycle accurate bus model fafication
purposes and a more abstract bus model for batteraion
speed and bus utilization (and contention) analgimsequently,
designers often have to spend valuable time pmegpanodels of
different abstraction levels for the same designditahally,
there is no good known (timing) consistency checkhaodology
across levels. As a result, designers often spere maurs on
resolving modeling issues than on real design ssue

As the number of components in SoC (System-On-a-Chip) T alleviate this problem, the authors propose @ecbby-

increases rapidly, the multiplied data exchanges ratakes
system-level communication a critical design issCieip design-
ers are constantly challenged to meet stringentiregents by
quickly and extensively exploring design space.

Efficient design space exploration calls for fagttem design,
verification, and validation. TLM (Transaction Léwdodeling),
a modeling methodology, is proposed to supportesystiesign
flow, while RTL (Register Transfer Level) model istrrecom-
mended for early-stage verification/validation doeits heavy
modeling effort and slow simulation speed [1, 2].

The refinement-based TLM methodology not only pdes a
way for easy design simulation speed and accuradg+toff but
also opens up the possibility for early design spexploration.
Fig.1 illustrates a transaction level model refieatnflow of bus
designs. The TL3 (Transaction Level 3) model (Figq) is a
high level abstraction model good for capturingigiesntention,
where PEs (Processing Elements) communicate with et
by point-to-pointabstract channels. The abstract channel is free
from any specific bus protocol or topology and caodel
communication using high-level read/write functicall€. Thus,
it achieves high simulation speeds with little maugleffort. To
capture more design details such as bus protocbtaology, a
designer may refine a TL3 model to a bus-specrangaction
level model (Fig. 1.b). It then can be further mefi into to an
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Fig. 1: A Transaction Level Modeling design flow.

construction approach that captures bus desigrfomaal model,
then automatically and simultaneously generate¢ecgccurate
Transaction Level 1 (TL1) andCycle Count Accurate TL2 (CCA-
TL2) bus models to gain both accuracy and simulaticeedp
The CCA-TL2 bus model gives the same cycle couninty as
the cycle accurate TL1 bus model at the beginnittgthe end of
every bus transaction; thus, it provides sufficianturacy for
bus analysis. As a result, the automatic generatidrus models
relieves designers from tedious and error-prone atirogl work
and helps them focus on real design issues.

We will discuss related work in the next section antline a
proposed methodology in section three. Then, secfmur
provides crucial observations and the problem fdatmon.
These observations motivate the automatic generatigorithm
proposed in the paper, which are then presenteddtios five.
Finally, section six will give the experimental réstand section
seven concludes the paper.

Il. RELATED WORK

TLM is a refinement-based design methodology witlepara-
tion of communication and computation, while Systefhis a
modeling language specifically designed for TLMcédin model
a design of various levels, from the specificatievel down to a
detailed implementation level such as RTL. Spec{ j2t
another modeling language, has a proposed designlth four
abstraction levels for design refinement. For insga theCom-
munication Model in its methodology is a bus-specific, pin/cycle
accurate model, which is refined from a high levbbkteact
channel in thé\rchitecture Model.



There is significant work on bus modeling. Some gty used
C++ or SystemC to build higher abstraction leveldels rather
than pin-accurate RTL [3-5]. For instance, Caldatrial. [5]
demonstrated an AMBA model [16] in SystemC at the Byele
Accurate (BCA) level, which corresponds to TL1. Thesed
automata, oprogram state machines introduced in their paper,
to model bus states in channels and applied tleeféate Method
Call (IMC) to model data transfer. The result wasyele accu-
rate bus model with invaluable losses in speed fiaycle count
accurate bus model. However, all these manual buselng
techniques referred in this paragraph attemptedaio either
simulation speed or accuracy separately.

To aim at a smoother design refinement processrikbased
approaches with primitives of various abstractiovele were
also proposed. For instance, OSCI [9] provided pives such
as ports/interfaces for bus-independent transadéwal model
construction without direct support of the bus-sfieanodel.
GreenBus [7] proposed the conceptatdm with library support
to capture the basic concurrent and non-interrigptarts (or
phases) of a bus protocol for TL2 and TL1 modelsPQOpen
Core Protocol) [6] provides a library for modelinigeir own
protocol at four proposed transaction levels (TLB8)I Howev-
er, the above referred approaches are all mandaleneent
flows with library support, in which designers haweundergo
tedious refinement work and error-prone consistehegcks.

Pasricha et al. [8] proposed a manual modelingnigcie for
the abstraction level, Cycle Count Accurate at Taatisn
Boundaries (CCATB), which eliminates the intermedistates
of a bus transaction (intra-transaction visibilitt) enhance
simulation speed while maintaining accurayele count infor-
mation. In comparison, our proposed automatic algorithem ¢
precisely and systematically eliminate unnecessandeling
details while achieving the same performance andracy.

Shin et al. [10] and Vercauteren et al. [11] proploae auto-
matic refinement method which starts from abstratanoel
models described in message passing semanticsalgibgthm
preserves the semantics of abstract channels andrajes
pin/cycle accurate bus models from a given librakgvertheless,
there was no automatic transaction level bus modekmgtion
such as we propose in this paper. Coware [13] suegjemt
automatic TL1 bus model generation from a formalcdiption
and helped alleviate the time-consuming modelingkvfaced by
designers. Nevertheless, they could not automatiggherate
the TL2 model and focused on integrating the geadrdus
model into MP-SoC (Multi-Processors SoC).

D’silva et al. [14] propose®ynchronous Protocol Automata
(SPA) for verifying bus property, such as protocol cotipbty
between master and slave interfaces. We also adept tB
construct formal models. However, we have furtherisiels an
automatic algorithm for systematic transaction ldwes model
generation using SPAs for protocol description.

Ill. MeTHODOLOGY

A. Overview of Transaction Levels

We follow the definitions from OCP [6] to introduceansac-
tion levels. There are four transaction levels rdi by OCP
from TL3 to TLO; each one is suitable for a differeourpose
with different data granularity and protocol timimig system
level refinement flow. Interfaces for data transfertransaction

levels (TL3 to TL1) are different from RTL (TLO)inge transac-
tion level bus models are notable of transferrimgadby IMC
(interface method call) instead of signals. Alsaenthat we add
an additional level,Cycle Count Accurate TL2 (CCA-TL2),

which will be automatically generated by our algarithThe
CCA-TL2 level differs from TL2 by its cycle counteurate
timing while the TL2 proposed by OCP only has apprate

timing.
Abﬁgsgltlon Purpose | Data Granularity El)'ri(r?r:(i)ncg;) ! IF
TL3 algo. abstract data type none IMC
TL2 arch. burst size approx. IMC
CCA-TL2 arch. burst size CCA IMC
TL1 protocol bus size CA IMC
TLO (RTL) impl. bus size CA signal

Tab. I Summary of Transaction Lev

B. Modeling Methodology

After capturing the preliminary design intent byngiTL3
abstract channels, decisions about the bus topoéog) bus
interface are two main factors in refining the comiuoation part
of the design (Fig. 2). Designers can describe tieibterfaces
of each computation module using SPA formal modeien, the
CCA-TL2 and TL1 models are simultaneously generated
SystemC by applying our proposed automatic algariths a
result, designers can have both a lower abstratgiezl model
(TL1) to verify design details in eycle accurate manner and a
higher abstraction level model (CCA-TL2) for fasystem
simulation in acycle count accurate manner for architecture
exploration.

Each generated TL1 model has the same bus staties @mput
SPA-pair, which stands for a pair of master and slave intedac
described in SPA. For a TL1 model, each clock tidkaamces
one simulation time unit and each bus state cooredp to one
clock cycle time. In contrast, a generated CCA-Th&del has
fewer states compressed from an input SPA-pair aadviances
simulation time in a wait-for-time style (wait for mumber of
clock cycles) with transferring a pack of data;hiig achieves a
higher simulation speed.

After (communication) architecture exploration, d@sirs can
further refine the design to the TLO model [12].the following
section, we will focus on the automatic generatiorifbf and

CCA-TL2 models.
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IV. ProsLEM FORMULATION

A. Bus Transaction Formal Modeling

In general, a bus transaction is a read/write dataster be-
tween a master and a slave interface. Before disgu$srmal
modeling, we first use a simple example to illugtiabw a SPA-
pair can describe a bus transaction (Fig. 3).
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Fig. 3: An SPA-pair bus transaction example.
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As an example in Fig. 3, both master and slavefatdes start
from initial states, yand §, respectively. At the first clock tick,
the master writes data onto data signal MADDR (denoted
MADDRY!) and progresses fromy to r;. Simultaneously, the

blocking operations, which aserites on a control signal ¢ (c!)
or reads and writes on a data signal d (denoted d? and d!,
respectively).

A transition is written asxni ry, where g, r,0Q, SOA. State
re transits to state,rwhen action S isatisfied and clock tick
triggered. We use a Boolean functieanProgress(S;, S) to
indicate whether both actions &d $ are satisfied. It returns
true when all guards of the two actions are evaluated,
otherwise false.

Definition 2: CanProgress(S;, $) is true when the following
conditions hold: (1) any@S,, S such that c2S; and c!US,,
where dJIC, and vice versa, (2) any b5, S, such that b is
evaluated true, where b is a logic expression.

Last but not least, aompatible SPA-pair is a pair of SPAs
which has a legal (according to the definition atstprogression)
sequence of state-pairs. In addition, two compat®RAs are
required to start from initial states and end maalfistates simulta-
neously without non-deterministic transition in adtaxecutions.
For information about compatibility check, readaeray refer to
[14]. Then, a bus transaction can be defined irffalewing.
Definition 3: A bustransaction is a sequence of state-pairs, from
the initial state-pair to the final state-pair,aéncompatible SPA-
pair describing legal data transfer.

B. Observations
Following the design flow and formal model, there tmee

slave reads data from the MADDR (MADDR?) and progressesobservations that motivate the idea for automdsiceising

from tyto t,. At next tick, the master checks thentrol signal
SREADY (SREADY?) to decide whether to stay looping, airr
move on to 4 In this case, the master will progress frqntorr,

to read the data on SRDATA (SRDATA?) since the slave will
assert SREADY (SREADY!) to declare readiness to trardsta

on SRDATA (SRDATA!). Therefore, a transaction can be
viewed as a sequence of state-paigsid); (1, to), (o, t,), and (g,

t;) with data read/write operations, where the state-frait,)
denotes that at the same time the master is ie stand the
slave is in statg.t

To further our discussion, we modify from [14] andfide
some terms and notations in the following.

Definition 1: A Synchronous Protocol Automata (SPA) is a
tuple (Q,D,C,A\V,—, clk, o, &), where

1. Q: afinite set of control states.

2. D, C: aset of disjoint input or outpdata andcontrol
signals.

A: a set of actions.

V: a set of internal variables

— O0QxQxAXxclk?: transition relations
. Oo GUQ: initial state and final state

In other words, a SPA comprises a set of finite ajrstates Q,
which includes an initial state @nd a final state;quith a set of
disjoint input or output data signals, D, and congignals, C.
While data signals can be of any type, control aligmre usually
Boolean. Additionally, each signal has to be assediavith a
read or a write event, which is triggered by a cauesling
read/write operation.

An actionSHA is of the formG:N, guards followed by non-
blocking operations, where G is a set of guards (or blocking
operations) that check for the assertion of a obrsignal ¢ (c?)
or check for the output value of a logic expresdiofb?) com-
prising data signals and internal variabldkis a set of non-

o0k w

abstraction level from a cycle accurate model (Ttdl g cycle

count accurate model (CCA-TL2).

1. A bus transaction is repeatedly executed becaubardfvare
nature. In other words, it often follows the sameusege of
state-pairs although the data transferred varies.

2. A computation module concerns only the data content
transferred, but not how data are transferred orirttegme-
diate states of the bus transaction [8].

3. Most routine transitions of SPA-pair can pee-determined
(know which transition will be taken or not) at statime
(when bus model is known).

These lead to an idea for speeding up system diimlasing
higher abstraction level models thabmpress intermediate
transitions based on static-time bus transactiatyais.

C. Problem Formulation

Therefore, the problem can be formulated as thievidhg:
Given an SPA-pair, determine a Compressed Automaton (CA)
that has the same “cycle count timing” as the two given interfaces.
Subsequently, generate a TL1 bus model according to the SPA-
pair and then a CCA-TL2 bus model according to the CA. Here,

a Compressed Automaton is an extended SPA, as shown in Fig. 4,
where each transition edge has a weight number egiieg the
corresponding clock tick count that the CA takes \i@its)
before state progression. With this, the generagigorithm can

be presented.

V. TRANSACTIONLEVEL BusMODEL GENERATION

The transaction level bus model generation has tegssFirst,
the Compression Algorithm compresses an input SPA-pair and
generates a Compressed Automaton (CA). Then, the afidl
CCA-TL2 bus models can be created accordingly ist&SyC.



The observations in section four motivate the Casgion
Algorithm. When simulating bus transactions at riamet (actual
execution), a simulator takes significant scheduloverhead
managing event queue and sensitizing/triggeringntsveor
routine transitions of repeated transactions. Tthe main idea
of the Compression Algorithm is tmmpress the pre-determined
sequence of consecutive transitions, whicmdsof concern to
computation modules but is repeatedly executed by the simulator,
into a newsimplified transition in CA. The algorithm consoli
dates the data operations of the compressed fmrssin SPA-
pair with using a weight number to count the numidetransi-
tions compressed (see the example in Fig. 4.a). fesuat, the
simplified transitions in CA are then executed at time while
eliminating most scheduling overhead of the routir@@sitions
at every clock tick.

However, not all transitions are pre-determined. Thiestead
of compressing the non-predetermined transitidmes,algorithm
reserves the non-predetermined guards of thessittoars (that
cannot be evaluated at static time) into the siieglitransitions
in CA to maintain the cycle count accuracy.

Next, we will discuss the non-predetermined trans#idy
three cases, the Compression Algorithm, and theeBy3tbus
model generation.

A. Three Bus Transaction Cases

According to the causes of the non-predeterminetsitians,
there are three bus transaction cases:ctmstant case, data-
dependent case, andcontrol-dependent case.
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Fig. 4: Examples of output Compressed Autorhata

1) The Constant Case
The whole transition sequence of the bus transagctiothe
constant case can be pre-determined, and thus trestant
case bus transaction, after it is initiated by cotapon module,
always takes a constant number of cycles (or tiansit to
complete data transfer. For the example in Figh&number of
cycles required to transfer two beats (words) of diata the
initial state-pair to the final state-pair can betedmined at
static time. The generated CA is shown in Fig. Mae that we
denote a generated state in CA agtgr to indicate that the
state is generated corresponding to a state & master inter-
face and a statg in a slave interface. For the exampley/tse
is an initial state of the CA and is generated @poading to a
initial state  in a master interface and an initial statenta
slave interface.
2) The Data-Dependent Case
Some transitions cannot be pre-determined at statie be-
cause their guards are evaluated depending orathess/of some
data operations, such as the address of the dafa fiem a

processor. The transition sequence of the busdcting in the
data-dependent case can be compressed into brafiigesb),

and each branch is annotated with the correspondirayds,

which cannot be evaluated at static time, and witlycde count
number. Nevertheless, for the compressed branchIntbdebus

transaction cycle count isstantly computable once the branch
taken is determined at run time.

For example, consider a SPA-pair comprising a gipislave)
RAM interface in Fig. 5.@nd the master interface in Fig. 3. The
cycle count of the bus transaction varies dependimghe value
of the data operation MADDR!. When a master interiad@tes
a bus transaction, the slave interface cails_hit() (a Boolean

expression) to cheakhether the previous row address, stored in

an internal variable, is of the same row addres®di=t from
MADDR. If the address requested hits the same rowslnee
interface will directly fetch from the buffer by folving the left
branch; otherwise, it follows the right branch antdlies the data
requested. The generated CA is shown in Fig. 4.b.
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Fig. 5: Examples of data- and control-dependentesiaterfaces.

3) The Control-Dependent Case

For the control-dependent case, the bus transacyida count
neither can be pre-determined at static time nstaimtly at run
time if there are guard evaluations depending amrobopera-
tions from the computation modules to determine thransi-
tion to progress the states. Take the slave irderiia Fig. 5.b as
an example. The state after statddpends on an outside control
signalDataOK.

Nevertheless, for this case, the segments not affdoy the
control signals still can be compressed. For ir#athe generat-
ed CA shown in Fig. 4.c is a result of the SPA-p&ithe master
interface in Fig. 3 and the slave interface in Bigp.

After discussions of the three cases, we are reagyesent
the algorithm.

B. The Compression Algorithm

1) The Compression Algorithm

The pseudo code of the Compression Algorithm igdidte-
low with a compatible SPA-pair, M and S, as inpull angener-
ated CA as output. The PendingTrans is a queue, ¢f §, S},
where £IM.Q, t0S.Q, S: reS., S t-., to record current
pending transitions. Also, the varialdeunt is used to record the
number of transitions compressed and the actioth&’opera-
tions consolidated.

A. data operations in Fig. 4.b and Fig. 4.c ammiglated for clarity.



The algorithm begins with setting the initial valoiethe Pen-
dingTrans (line 8), which is set by adding the alititate 4 and
along with all progress-able action-pairs, souragedhfr, and §,
by following the definition ofCanProgress() in section 4. Then,
the inner while loop (line 13 to 25) traverses by following the
transitions in PendingTrans one at a time, and cessgs a pre-
determined sequence of transitions of the input-pRIA At the
end of the algorithm (line 26 to 35), three casksanditional
branches generate states or compressed transiimntghe CA,
and the outer while loop checks whether the queeenjsty as a
halting condition of the algorithm.

Algorithm - Compression(M,S)

1 M, S: input SPA;

2 CA : output Compressed Automaton with initial staitg / tg >;
3 count : integer = 0;

4. progressing : Boolean = true;

5. S’ an action =;

6 PendingTrans: a queue of {r, j $)} = 2,

7 Begin

8 PendingTrans.init()/ setting initial value of PendingTrans

9 while PendingTrang @ do // main body of the algorithm

10. {r,t, S, S} = PendingTrans.pop();

11. setr=r,t'=t, S, and count=0;

12. progressing = true;

13. while progressinglo

14. progressing = false;

15. r' = next_state( r’,

16. t' = next_state( t', 5

17. S'=S'U compress_act(S S);

18. count++;

19. for eachSy": r’ oSt and Syt 232, do

20. if canProgress(S, S,’)

21. progressing = true;

22. setS=S'and $=S

23. end if

24. end for

25. end while //end of inner while loop

26. if state <r'/ t'’>isin C t

27. add transition <r/t>3 ’Coun - <r/t’> into CA;
28. else if<r/ t’> = <n/ t>

29. addstate<r'/t’> into CA; t

30. add transition <r/t?:::::l'!r:]: <r/t’>into CA;
31. else

32. addstate<r’/t’> into CA; t

33. add transition <r/t?:::::l'!r:]: <r'/t'>into CA,;
34. resolve(r',t’);

35. end if-else

36. end while //end of outer while loop

37. End

Fig. 6 shows the traces of the SPA-pair and the G®ioed
by using the constant case example in Fig. 3 aexample to
illustrate the algorithm. At the beginning, the twatut transi-
tions of the initial states are chosen and inseiréa the queue
PendingTrans since there are no guards in theorec(Fig. 6.a).
Then the algorithm progresses the state-pair, dioiades the
data operations of;8&nd S into the action S’ and increments the
variablecount (Fig. 6.b). Following this, another two transitions
are taken to progress to a new state-pair. Thesitian in the
master interface with the guard SREADY? is taken, sihee
operation SREADY! in the slave interface will make theard
evaluate true (Fig. 6.c). Then, the algorithm ketegegersing the
state-pairs until it reaches the final state-pai, €>. Subse-
quently, the generated states/&p and transition, with the
compressed action S’ aedunt, are added into the CA (Fig. 6.d).

In contrast to the constant case examples, whickersa di-
rectly to the final state-pair, non-predeterminethsitions of the
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Fia. 6: Algorithm illustration with a constant case exan:

data- and control-dependent cases may block therse. When
theinner while loop encounters a non-predetermined transition, it
ends and the algorithm then calls a subroutieslve(r,t) to
continue traversing each possilieanch. The subroutinere-
solve(r,t) temporally disables those non-predetermine@rds
and continues searching pairs of progress-ablsitians again.
Each pair of transitions which can be progressedsisrted into
PendingTrans and the algorithm continues traversinépllow-
ing each of them. Note that the subroutine compeeg€s, S)
not only merges the data operations but also resetive non-
predetermined guards into CA.
2) Complexity

The complexity of Compression Algorithm is O(m*n), whe
m and n are the number of states of master ane sherfaces,
respectively. The worst case happens when all thébic@ations
of m states in a master interface and n statessiawe interface
(i.e. <r, t>, V i, j) are traversed by the algorithm. Nonetheless,
the situation rarely happens and normally the élgor runs in
linear time, because most bus protocols are designethe
handshake style for data transfer. Moreover, nlag¢ what the
algorithm does (compressing the SPA-pair and ciigcdata
operations) is actually the same as what the buslaiion
executes (progressing the SPA-pair and transfedatg) at run
time, although the compressing is done beforehasthtc time.

3) Correctness

The generated CA has the same cycle count as the $fpA-
pair for timing correctness, while with the same datarations
for functional correctness, between the beginnimg) the end of
the described transaction. For functional correstndsoth CA
and SPA-pair have the same data operations siecalgiorithm
compresses the SPA-pair without eliminating any datration.
For timing correctness, both CA and SPA-pair have shme
cycle count between the beginning and the end dfrémsaction.
Considering state-pairs that have no (output) neagtermined
transitions, the cycle count of the CA is the saméhat of the
SPA-pair because both follow the same sequenceatd-phirs,
which is known at static time, to complete the tratiea.
Considering state-pairs which have non-predetermimeadsi-
tions, the CA will choose the same sequence of gtts; while
encountering the non-predetermined transitionsuat trme, to
continue the transaction because all the non-peedéied
guards are reserved from the SPA-pair by the alyuri

SREADY? SREADY!




C. SystemC Model Generation

Finally, SystemC bus models, implemented in typiSgk-
temC interfaces and channel patterns [1], are géedaccording
to the SPA-pair and the resulted CA in order tarbbegrated into
system verification tools. Additionally, the signafs SPA are
translated into variables, according to the detilaaype, and
read/write events in SystemC with data operationdeémented
as IMC. Master and slave modules can sensitizeetleats to
transfer data from IMC, while the events are triggeby corres-
ponding operations when the transition is taken.

While the TL1 bus model is clock-driven, the CCAZIbus
model is of event-driven style. When each CA tramsits taken
in simulation, the CCA-TL2 bus model transfers patldata
according to the action of the transition and thdmances clock
cycle time by the cycle count number calculatedthy Com-
pression Algorithm, through calling the SystemC vfaittime
method.

VI. EXPERIMENTAL RESULTS

Experiments are run on a Linux 64-bit workstatiomgdntel
3.40 GHz Xeon CPU. We run three proprietary testc@ses for
each of the three discussed cases); each of whitiprises one
master and one slave transferring data. For therawrpnt, the
core protocolpurst write with handshake, from OCP-IP [15] is
chosen, and burst sizes of 2, 4, 8, and 16 datts lbea tested.
The system configuration is given to highlight #peed compar-
ison of bus models; however, we do not foresee afficulty
integrating a ISS (Instruction Set Simulator) ohadware IP
into our system.

The experiments compare the speed of the genefate@nd
TL2 models with manual-written TL1 models construdgcthe
OCP-provided library [6]. For accuracy, the cyclaigbtiming
of the TL2 model is verified against with its copeading TL1
model at the beginning and end of every bus trditsadn Fig.

7, the CO-TL1 denotes Constant case OCP TL1, CDG-TL2

denotes Control-Dependent case Generated TL2, and.sbhe
y-axis is the throughput measured by number ofdpes second
for data transfer on the host machine (MB/Sec.)taadk-axis is
the burst size. In comparison with throughput, wihile generat-

ed TL1 models performs almost the same with the @ilanu

written TL1 models, the generated TL2 model becotés 14
times faster than the manual-written TL1 model as lieat
number increases from 2 to 16.
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Fig. 7: Theexperimental resul.

The speed improvement is from reduced run-time dudiveg
overhead (of the SystemC simulator) and decreasewber of
IMC. More transitions are compressed by the alboritmore the
run-time overhead is reduced; hence the througlybutTL2

model (CDG-TL2) is increasing along with the incregsburst
size. That also explains why control-dependent &sstg, which
have a state designed to wait an outside signah dsgi 5.b,
possess lower throughput compared with their corredipg
constant and data-dependent cases. Finally, nateath do not
compare the generated CCA-TL2 models with OCP TL2etsod
because their models have no cycle count accuiatmgt
Instead, a functional TLM model (without any timing) re-
ported.

Our automatic generation approach takes almostm® ({0.01
sec) to generate bus models, which alone alreadysaaa at
least 30 hours, estimated by the Line of Code meAdlditional-
ly, the TL2 model is correct-by-construction, sayidesigners
from time-consuming model consistency checks.

VII. ConcrusioNnAND Future Work

This paper proposes the first automatic approacyetterate
both fast and accurate transaction level bus moofetaultiple
abstraction levels simultaneously from a formal elpdnd it
inherently eliminates the inconsistency problemadidition, the
paper is the first one that formally discusses wéwadl how
information between different bus-specific transattievels can
be simplified (or compressed). Finally, the expents demon-
strate that the automatic generation of the CCA-Th&dels
gains invaluable simulation speed improvement wiikntain-
ing cycle count accuracy.

The multiple masters and multiple slaves withoutaaliter
can be considered as pairs of masters and slavapply the
same approaches in the paper. An automatic bus ngedelra-
tion approach for cases of multiple masters andeslavith an
arbiter will be the next topic in the future to lensidered.
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