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With the increasing design size of SoC’s and chip multand speed.
processors, simulation models are not sufficiently fastdo a From the above we observe that the requirements for a good
commodate performance evaluation with realistic benckmarsimulation model and that of an efficient synthesis/emaitati
Emulating the performance models in programmable hardwaredel impose contradicting modeling constraints. Hence we
(FPGA) is an attractive solution for speeding up perforneancieed to identify an appropriate abstraction level at whiwdh t
analysis [1], [2], [9], [10], [11]. This poses the followingsimulation model should be described, so that it complies
requirements on the design of the performance model: (@)th most of the above guidelines. Such a modeling abstrac-
the simulation speed of the original HDL model needs to kh®n where simulation and synthesis models have a common
high enough to allow fast functional verification and (2) therigin, if found efficient, can lead to significant produdty
emulation speed of the design synthesized from this modeiprovement in processor and SoC design flows, as it would
should be acceptably high to support the simulation of largdiminate the need to manually maintain consistency adhess
benchmarks. different models, and the associated verification chabeng

We briefly review some characteristics of good simulatioBroadly there are two different levels of modeling abstrac-
and emulation models using the SystemC [7] modeling infragen that could be suitable for both simulation and synthesi
tructure and a commercial behavioral synthesis system asichspecification, and we limit our present discussion to these:
AutoPilot [8]. The requirements of fast simulation models a Architectural Level and Behavioral Level. Levels lower itha
often different from those from which efficient hardware cathe above, such as RTL, are unsuitable because the detailed
be synthesized. clock cycle level accuracy results in very slow simulation.

Some typical mechanisms to describe fast SystemC simulaevels higher than these, such as transaction level, are not
tion models are: (1) minimise architectural detail — bebeadi sufficiently accurate.
models (Figure 3) with algorithmic descriptions are 10xdéas  TheArchitectural model is described by maintaining high-
than those with architectural details (Figure 1); (2) miisien level structural details of the hardware through explicitadlel
the number of processes to reduce context switch overhaamhstructs. Consider an example of modeling ldrstage
[3]; and (3) maximise the use of native C++ data types [4].pipeline in SystemC as shown in Figure 1.

When the objective is efficient synthesis into hardware,
HDL models are optimised along different criteria: (1) A

SystemC process is essentially sequential code, and typica R R R
behavioral synthesis algorithms in academia and industvg h f1() E f2() E 3() (Es n-stages

difficulties in automatic parallelisation of behavioraldminto
parallel hardware, which results in performance-ineffitie
SyntheSi.Zed hardware.' Thus hgying more number. of procesggsl Architecture Model of N-stage pipeline used for siation. Simu-

per design, i.e., explicit specification of parallelism et lation model does not require synchronization as there isnmediétability
programmer, is benefical for generating parallel hardwai ain latency of each stage.

hence higher emulation speeds. (2) Since the latency ofrgene

ated hardware from a SystemC process is unpredictabledeforThe design is explicitly partitioned by modeling each
synthesis as it depends on factors such as target platfopipeline stage as a separate SystemC process. Each process
technology, tool dependent optimizations, etc., the symchis a functional description of the pipeline stage and the
nization between interacting processes needs to be handiechmunication between them is only through ports. Synshesi
explicitly by handshaking signals. Keeping synchronatio from such a description generates a separate hardware mod-
a minimum produces faster hardware. (3) Using appropriatée corresponding to each SystemC process, thus preserves
data widths in the model (i.e., NOT using native C++ dataipelining in the design. Since the latencies of the geedrat
types) results in more efficient hardware both in terms ohardardware modules are dependent on factors such as target




platform, library, technology and also synthesis tool diexis,

we cannot make assumptions regarding the delays of the
pipeline stages. Hence explicit handshaking is required to
maintain synchronization between any two communicating
units. Since different pipeline stages have differentrates,
each process waits after its completion until all other peses
have also completed before it proceeds to next simulaticlecy
(each simulation cycle being realised as possibly diffeagrl
variable number of cycles in the synthesized design). Téis i
acheived by using a global synchronization (SYNC) module
(similar to [2]), as shown in Figure 2.

To test
bench

Fig. 2. Architecture Model of N-stage pipeline with globgshronization
module. This model is used for emulation.

Each process informs the the SYNC module about its
completion. When the SYNC module receives this notification
from all units in the pipeline, it sends a signal to all prosees
to start the next simulation cycle. With the increasing nemb
of communicating modules the overhead of synchronizati%
becomes prominent in terms of simulation and emulatiome
speeds. Results of our experiments plotted in Figure 5 show
that the simulation time incurs a linear increase in the bymc
nization overhead. We also observed a 12% drop in emulation
speed due to the synchronization overhead.

In a Behavioral model the overall functionality of the
hardware is described without any structural or architedtu
details. The timing characteristics of the hardware areoann
tated separately. For the above pipeline example, the behav
ioral model, as shown in Figure 3, is described by modeling
its whole functionality using a single SystemC process and
the timing is modeled separately using a delay unit (shift
register) in the SystemC process. Thus the behavioral model
exhibits the same timing and functional characteristics as
the architectural model. Since a single hardware module is
generated after synthesis, synchronization is only nacgss
between this component and the external interface to it as
shown in Figure 4.

Thus behavioral models do not have synchronization over-
head unlike architectural models, as shown from experiaient
results plotted in Figure 5.

We evaluated the architectural and behavioral models ine
terms of their simulation and emulation speeds for two de-
signs: (1) the above pipeline design and (2) a more detailed
and complex NoC router design.

The experimental results on the pipeline design are sum-
marised below.

« We observed that the simulation speed of the architectural

model is about 9 times slower when compared to behav-
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. 4. Behavioral Model of N-stage pipeline with synchaation module.

synchronization module here is used for handshakinl tegtbench.

ioral model of the same hardware and this gap increases
with increase in number of pipeline stages. This is due
to the increasing overhead of process management by the
simulation kernel.

Synthesis of the architectural model resulted in parallel
hardware which is faster than the one generated from
the behavioral model. From our experiments,we observed
that the emulation speed of architectural model is 5-
23 times faster than that of the behavioral model. With
the increasing number of stages the emulation speed of
architectural model is not affected whereas for the behav-
ioral model the speed decreases linearly with increasing
number of stages primarily due to the synthesis tools
inferring large and complex datapaths and FSMs in the
generated circuits, which leads to sequentialisation ef th
processing. Thus the architectural model scales well with
the pipeline stages until the SYNC modules becomes the
bottleneck.

A behavioral model is associated with lower development
costs than an architectural model and is also more flexible
and extendable. Consider a case where we wish to study
the effect of varying the pipeline depth of a component on
the rest of the system. An architectural model would re-
quire partitioning of the component into various pipeline
depths and building models for the same, whereas in a
behavioral model, we can mimic the effect of varying the
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the shift register (delay unit), and the synthesis tool can )

complete the details. Fig. 6. 3-Port Router Architecture with two virtual chanmeler physical

. . nnel and credit based flow control policy. The router hadsus-stage
From _the above Ob_servatlon_s’ we see tha_t the 9h0|ce for line: (1) Routing (2) Virtual channel allocation (3)dSs-bar allocation
abstraction level that is best suited for both simualtiod @m- and (4) Transmission. Worm-hole routing with best effortvazes is imple-
ulation is not obvious. An architectural model results inreo mented.
efficient emulation hardware but is slow to simulate, difficu
to develop, and also incurs higher synchonization overheﬁ
A behavioral model has lower synchronization overhead, lis 4,@ Router »| Router
faster to simulate, flexible, and easy to develop. Howewer, t = =
hardware synthesized from it could be sequential and thus (75
result in lower emulation speeds. In the current work, weehav TILE-0 TILE-1 TILE-2 TILE-3
focussed on techniques to improve the emulation speed of a
synthesized behavioral model.

We discuss two effective techniques for enhancing the

fg/ nth;&zted ??kr]dware frorqhbehaworal tn:dee][S a,r\lldt'"w;r%ay generate inferior circuits. Further, due to extensige u
Cﬁ. € EIC(SZ 06 eSSamhe Wi atcase if{" yto a e;]wor 9t arrays (which are synthesized to one or more memory
ip (NoC) [6], [S] whose router architecture is shown i odules) the parallelism within the loops cannot be exéwct

Figure 6. The aim of this modeling effort is to measure thFue to resource constraints (limited ports in memoriesusrh

thr.?ulghp:Jt and Iategpy O];hthe. pa::k;ats at ﬂ'; glow-czgtro he emulation speed of such a model decreases with incgeasin
unit) level accuracy. Since the simulation speed decreaiths complexity (number of 1/O ports) of the design. From the

increasing size and complexity of the network, it is nec@ss"’.‘experimental results in Figure 9, we observe that its eriariat

to have an emulation model for fast design space exploratlggeed is 8 times slower compared to the architecture model.
(of various router architectural parameters, routing gtgms,

allocation policies etc). « Automatic pipelining of the behavioral code during syn-
thesis further improves emulation speeds of generated
circuits. The advantage with automatic pipelining com-

Fig. 7. 4-stage Ring Network

We modeled a ring network (Figure 7) using the above
router (Figure 6) module. We have used Xilinx Virtex Il
Pro XC2VP30 device for emulation. Since this device could
accommodate upto four instances of the router module along 50
with a transreceiver for each to generate the traffic, we

emulated a 4-stage ring network. 8 B RN s A I SR
Since each router has three IO ports, each port having 0L

two virtual channels, we used a two dimensional loop for £

describing the behavior of each (independent) virtual aleén w——l 200 ]

The variables (state variables, flags, counters, etc.)inedtor v

each virtual channel were declared as arrays. Such abstract =~ 10F e ]

behavioral models require minimum development effort and 0 m

have very high simulation speeds. As shown in Figure 8, Arch Behv Scalarized Behy

the behavioral model simulates 10 times faster than itseeorr
spondmg architectural model. _HO_W(BVGI’, due to th_e Seqﬂbmﬂﬁg. 8. Simulation speeds of the ring network with router led at different
nature of the hardware description, the synthesis pro@edubstraction levels.
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Fig. 9. Emulation speeds of the ring network with router medet different
abstraction levels.

work we have developed an NoC emulation prototype, and
04,000 B SR through this modeling experience, identified some tectesqu
3 for optimising behavioral models so that we obtain both high
®3.000- A simulation speeds and an acceptable emulation speed to a
= 2000 I R e level that is comparable to the harder-to-develop architet
>|< ’ models.
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