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ABSTRACT multi-core has undergone great advances. SoC can
incorporate numerous Intellectual Property (IP)
Task mapping strategies on NoC (Network-oncores that perform different functions, possibly at
Chip) have a huge impact on the timing perfordifferent clock frequencies. With the increasing
mance and power consumption. So does the taumber of IPs on SoC, the design of underlying
pology. In this paper, we describe the exploratiogommunication architecture has a major impact on
flow of task mapping algorithms using differentthe performance and energy consumption of the
NoC mesh shapes. The flow is used to evaluatg/erall system.
timing and energy consumption based on a NoC As a promising alternative to the traditional
emulation platform. It is open to any task mappingus and point-to-point connection, Network-on-
algorithms and to any shapes of NoC mesh. &hip (NoC) is a design paradigm and on-chip ar-
heterogeneous (PC and FPGA) platform is used #hitecture. NoC can connect all the IP cores to a
fully perform each step of the flow. The experi-router-based network using an appropriate Net-
ments demonstrate that the most appropriate taglork Interface. This architecture greatly helps
mapping strategy and the most suitable NoGvercome the design problems of current bus-
shape strongly depend on the algorithm used. Dgased SoC methodologies.
pending on the timing latency results obtained and Wwith the development of FPGA technology,
the FPGA resources used, the designer can seleglrdware-based emulation using the evaluation
the appropriate task mapping strategy on the suisiatform has become widely used. Compared with
able shape in a short exploration time and witBoftware simulation, it can accelerate the valida-
precise timing evaluation. tion process as it significantly reduces the system
evaluation time [9]. With shortening of the cycle
Keywords Task mapping exploration flow, of the NoC design, development costs will be re-
Task mapping strategy, NoC shape, NoC emulatuced.

tion platform, FPGA resources, Timing latency Fig. 1 depicts the traditional application-
specific NoC design flow [1] [2]. One application
1. INTRODUCTION can be described as a task graph. The task graph is

With the mature technology of modern inte-mapped on one NoC using one task mapping algo-

grated circuit process, System-on-Chip (SoC) witkithm. The mapping solution must fulfill specific
requirements (e.g. reduce energy consumption and
*Corresponding author. congestion) as well as reduce the total communi-
Emailf address: ctoc?pang3f24\(t/@h§tmail-com (K F’ang)ﬁ-S vi cation delay. Similar to an optimal mapping strat-
e ) 8060 (S egy, the appropriate NoC architecture parameters
cantara De Lima Junior) can reduce the resources used and further improve

performance. In the generic NoC design flow, the




topology and the number of routers are usually This paper is organized in 6 sections. Section 2
defined in the NoC specification. The topologypresents the related works on task mapping tech-
mostly used is a regular mesh with the same numiques and NoC emulation platforms and discuss-
ber in the X and Y axis. Such design flow doegs the corresponding problems. Section 3 explains
not explore the topology or the shape of the NoGhe exploration flow in detail. Section 4 is dedi-
and does not consider several task mapping algoated to the experimental study of the exploration
rithms. The jointly exploration of both the shapelow. Section 5 discusses the implications of the
of the NoC and the mapping solutions has naxperimental results in Section 4. Finally Section
been yet proposed. The contributions of this pap&r presents the conclusions and the future outlook
are: for exploration flow.
. The_ analysis of the shapes of the NoC} and 2 RELATED WORK
the impact on the performances according to
the number of tasks in the application. In recent years, several studies have been con-
+ The exploration flow developed to jointly ducted on mapping the tasks of the application on
explore the shape of the NoC and the tashOC architecture [3] [4] [5] [6] [7]. Their task
mapping algorithms. mapping algorithms use either dynamic or static
« The analysis of the results (timing onMaPpPINg. Run-time mcre_mental mapping [3] and
FPGA, energy consumption and the mapgongestlon aware algorithms [4] are the most

ping time) according to the NoC specifica—Widely used dynamic mapping techniques. They
tions and the application. are performed during the execution of the applica-

tion. They can regulate the mapping strategy
online according to the systemic feedback. The
two-step genetic algorithm (GA) [5], the Branch-

Application Model

and-Bound Algorithm (BB) [6] and the template-

based efficient mapping algorithm (TEM) [7] are
(N"L‘Speci““"“")—{ Task Mapping ) typical static mapping techniques. These tech-
. niques are implemented offline before the applica-
tion runs. Static mapping solutions are generally

recommended as the computational overhead of
dynamic mapping algorithms increases the overall

Scheduling

Mapped & Scheduled si.nu.utinn.sh.mmann} delay and the energy consumption of the system

[2].
Some authors have reviewed the different NoC

task mapping techniques. In [2], the authors re-

Fig. 1. Traditional application specific NoC design flow view most task mapping strategies. They compare

) ) studies and give the communication cost and the

_In this paper, we propose one design flow t@yeacytion time using a set of benchmarks (VOPD,

jointly explore task mapping algorithms and mesk peg 4, PIP and task graphs generated by the
topology on NoC. This exploration flow can eval-TGEF ool [18]). The communication cost corre-

uate timing and dynamic energy consumptioR,snds to the absolute communication cost (hops

based on the NoC emulation platform. The platy hangwidth). The CPU time required to generate
form used is a heterogeneous (PC and FPGAye task mapping solution is also given for each

platform that fully performs the exploration flow. algorithm. Experiments are based on the 8x8
Timing evaluation is performed on the dedicateghesh NoC for 64-core applications and the 8 x 16
NoC emulation platform on FPGA to fully ex- mesh NoC for 128 core applications. In [8], an
plore all task mapping and mesh topology Solugyajyation of dynamic mapping and static map-
tions. ping based on MPSoC architecture is described. In



the simulations of single application mapping an€/C++ so that task mapping scenarios can be con-
multiple application mapping, the latency, congesveniently generated with PC. The FPGA-based
tion and energy consumption performances of themulation platform can accelerate the emulation
task mapping algorithms are given. process and provides the real-time timing results
In all the above papers, the results of thestr analytical purposes.
techniques are only simulated. The results are
based on NoCs using the regular NxN mesh tc
pology. No studies explore the shape of the No!
(shape meaning the X and Y number of routers i [ NoC ] E\pp.m,imﬂ [ Mapping
the meSh topology) configurations paratneters
Hardware-based emulation using the evaluatio | l ' -
platform is widely used to accelerate the valida [ Task mapping scenarios
tion process [9]. Emulation based on FPGA tech. _. - _ _ _ T _____ _+_
nology provides a rational way for the NoC. Many T
emulation platforms are designed for exploratiot
of the NoC [10] [11] [12] [13]. Most emulation - : phase
platforms aim to explore NoC topology or NoC [ eroA } [Mé] 5

strategics

interconnections. The exploration selects the mo

appropriate topology from several available to- -~~~ "~~~ [~~~ % o
pologies, but does not consider task mapping [ Emulation results Analysis j

XNoC [14] is an emulation platform for the eval- . phase 3
uation of the mapping algorithm. This evaluatior E"“’““‘ ""l‘,‘;ﬂ‘.’ff,fff{;:“‘“‘"""“‘ﬂ

environment can support both static and dynamic

application mgpping for_ performance evaluation Fig. 2. The system architecture of the task mapping ex-
and cost metrics. But this tool cannot adequately ploration flow

evaluate and compare different task mapping The inputs of the exploration flow are the fol-

techniques directly. lowing: the NoC configuration parameters (sever-
We propose an exploration flow based on the 9 9 b

NoC emulation platform for the NoC designer.al shapes of the NoC), the communication param-

We focus on evaluating different task mappin eters of the application, and several task mapping

techniques with different shaped NoC router a%\;gﬁrlm;ns ifr?r ti;geﬁgﬁas'rziiiystzlrln t%in‘iar:atets tg_e
rays for the NoC implementation of the specific bping 9 but p

application. In this way, the most appropriate tas ameters and f[he mapping strategies generated_ by
mapping solution and ’the FPGA resources usey. t_ask mapping algorlthms. These task scenarios
for NoC design can be obtained configure the NoC emulation platform to imple-

ment the application on the FPGA. The FPGA-
3. EXPLORATION FLOW based emulation platform emulates the application

Fig. 2 shows the system architecture of th&nd gives the emulating results. In this case, the
task mapping exploration flow. It combines Noc'€sult is the timing latency needed to complete the
configuration parameters and application commdfata transmission between the routers.
nication parameters with the task mapping algo- | N€ output of the exploration flow is the best
rithms. It explores the most appropriate task ma|5‘:°‘Sk mapping solution for the specific application
ping algorithm combined with the most suitable®" the specific NoC shape.
shape of the NoC for one specific application. . Details of the inputs and output of the flow are

The exploration flow is implemented on a pcdiscussed in the following subsections.
and FPGA-based NoC emulation platform. Many
existing task mapping algorithms are described in



3.1 NoC configurations trol Units) (defined by the size of the packet).
The NoC configuration parameters are used there, the size of flit is defined as 16 bits. Paske
configure NoC to generate the required NoGre sent according to the data injection charge.
communication architecture. The data injection charge is defined as the idle

Here, the NoC architecture is designed withime between two packets of one message. It indi-
the mesh topology, which is the most suitableates the ratio of the bandwidth to the packets
topology for FPGA implementation. Based on theised. In Fig. 4, the data injection charge (or Joad
mesh topology, the size of the NoC is defined ais 100% for the first case (a), and 50% for the sec
X XY: the router number of each line — X and theond case (b).
router number of each column — Y. XX repre-

Packet0 Packetl Packet2 Packet3
sents the shape of NoC structure used in the g€ [sfs[s[ds[[3[[1[o[s[s[[s[s[4/3[2[1[o[o[s[[s]3[</3[2[1[o[s[7[e[3[</3[2[1]o]
eration of the task mapping scenario. Fig. 3 show; " » ® o Fime
an example with X4 NoC architecture. The only Load 100% o
constraint linked to the NoC size configuration is (a) Load 100% (injCharge = 0)
the total number of routers —>XY — has to be
higher than the number of tasks in the specifi . racket idle Packet] dle
application required to map the application or' EERCEEEER \0} [T |9|8|7|6|5|4\3\2\1\°! [T |
NoC. Here we specify several shapes as a functic" " Coad 0% » D e
of the structure of the task graph concerned.

(b) Load 50% (injCharge = 10)

Fig. 4. The examples of data injection charge

Usually one message is transferred in several
batches [20] (the number of batches is defined by
the designer and here we set the number of batch-
es as 10). Each batch consists of several packets.
This is to avoid one message occupying the
transmission channel for too long.

The application task parameter file provides
all the parameters required for communicating
Fig. 3. Example of 4x4 NoC architecture between task nodes. These communication pa-
rameters [10] are used to configure the transmis-

3.2 Task Graph Configuration SI]Dn of the data on the NoC emulation platform.

One application can be described as one set i
tasks, called a task graph. Each task graph def|ngnnest;?gv\%?ﬁhrgﬁeuiua”y includes the three sec

the relationship between the task nodes and gives _ o .
the parameters needed to describe the communicdable 1 Three sections of the application task graph file
tion [10] between the task nodes. The communi¢az,, orq

tion parameters are defined according to the fe-= Detg';f"” tTaiie reuel Tee
quirements of the FPGA-based NoC emulation ™K | number | type | (reserved) | (reserved)
platform [20] and the parameter values depend |onarc arc ArC | opc TAsk | DEST TASK
the requirements of the specific application. p';‘:;“rr?:t;r ggg Sarameter -
Based on the emulation platform, data trans-PARA | "name | numbe | value (reserved)

mission from the source router to the destination

router is imitated by the message. A message con- For each application task graph, there are three
sists of a set of packets (defined by the number sections in the file, as depicted in Fig. 5. The
packets), and a packet is a set of Flits (Flow conTASK’ section lists all the tasks with their task



types. The ‘ARC’ section describes the connedhe system as inputs for the generation of the task
tions between task nodes with their arc types. Thecenario.

‘PARA’ section gives the tables of the require
five parameters corresponding to the task or

type:

1)

2)

3)

4)

5)

d3.3 Task mapping algorithm
arC There are many task mapping algorithms for

NoC as mentioned in Section 2. The exploration

The size of each packet of each transmlssmlrlbw is open to all static mapping algorithms.
between two tasks corresponds to the arc typg

. o o mong static mapping algorithms, the determinis-
(‘packetSize’). For example, in Fig. 5 from,[iC MapDi :

. . pping algorithms [6] [7] [16] [17] do not
TASKO to TASKI, the size of the packet is 21depend to a too great an extent on the setting of

fits; convergence condition (like GA [5]) or the expe-

The number of packets to be sent between tw, . : L
tasks, corresponds to the arc type (‘packr_?ence of the designer (like ILP [15]). It is highl

etNum). For example, from TASKO to ;)ig':]lrg:)zvtid for general use to validate the explora-
TASK1, the number of packets is 36; : . ]
The data injection charge between two flits o;ithThe Branch and Bound (BB) mapping algo

i ission bet WO task m [6] is a typical deterministic mapping algo-
every transmission be we‘_erl WO 6}5 S, COMGshm. 1t is a systematic search algorithm that top
sponds to the arc type (‘injCharge’). For ex

..~ .~ ologically finds the optimal mapping by searching
ample, _from TASKO to TASKl’ the injection for the solution in tree branches and bounding
charge is 76 clock cycles;

) nallowable solutionsThe traditional BB algo-
The period between two batches, correspon 9

ing to the task type (‘period’). For example ithm for NoC takes the minimum possible
from TASKO to TASK1, the period is 1171 amount of energy consumption as the bounding

lock cvoles: and traversals all possible mapping patterns. It
clock cycles, . leads to the best solution at the cost of CPU time
The latency constraint (hop number) betweegnd memory depth. Based on the traditional BB
two t?.f]ksi ‘,Eo”eSpO”dtS to t”}e are g/pe (latens orithm, M. Reshadi [16] added the bandwidth
cy’). The latency constraint for No MapPINg 4 nstraint to intensify the bounds to shorten CPU
represents the number of hops between tw e

communication routers corresponding to two 'I:he template-based efficient mapping (TEM)

Easkts. ILshoc\le thﬁ me}[}(]lmum distance dbeFtweeﬁ_gorithm [7] takes the constraints of bandwidth
Wo task nodes When ey are mapped. or €4, latency into account. Depending on the struc-
ample, _fro_m TASKO to TASK1, the latency ture of the task graph, it takes advantage of two
constraint is 4 hops. templates to generate the mapping solution in only
one turn. Compared with the BB algorithm, TEM

TASK 0 TYPE 18
TASK tl TYPE 15 1 1 H H
e 5 Tvpea pbtalns thg mapping solution faster but the quality
is not as high.
al M 7 . .
(10) |ircar oMo TvrEss The bandwidth-constraint and latency-

PARA packetSize
0 Type  value
@ 28 18

37 21

PARA period

Type  value
18 1171
15 1264
4 1138

PARA  packetNum
Type value

28 19

37 36

PARA  latency
Type value
28 3
37 4

PARA  injCharge
Type  value

28 59

37 76

constraint branch-and-bound algorithm (BBL)
was developed for the validation of the explora-
tion flow. This algorithm is based on the original
branch-and-bound algorithm considering the la-
tency constraint between two tasks [17].

The latency constraint is defined as the router
hop numbers between two communication routers

plication task graph in the file will be extractey

that correspond to two task nodes. It indicates the

All the communication parameters of the ap_rnaX|mum distance allowed between two task

nodes when they are mapped. In the same way as

Fig. 5. One example of an application task graph



the traditional BB algorithm, the BBL algorithm is narios. The FPGA-based emulation platform [20]
executed by alternating two steps: Branch ang designed using the SNMP protocol concepts to
Bound. Starting from the root node, Branchexplore the design space as well as to evaluate the
traverses all the routing paths to map each umerformance of any NoC. This platform enable an
mapped node onto the unoccupied router of theasy configuration of emulation blocks and de-
array, one by one. A new possible routing path iBnes an interoperability model based on the MIB
allocated to generate a new possible mapping patescription.
tern and its energy consumption is calculated so it The emulation platform connects the emula-
can be compared with the minimum energy costion blocks (traffic generator and traffic receiver
The new possible routing path must be deadlock10]) with the existing Hermes NoC to allow the
free. The Bound step uses three bounds to estiesigner enough space to evaluate different NoC
mate every search path and abort the impossibdbapes. The Hermes NoC [19] is a packet-
paths without further trials. These three boundswitching-based NoC architecture designed by the
include the bandwidth requirement, the latencyontifical University Catolica do Rio Grande do
constraint, and energy consumption minimizationSul, Brazil. The emulation blocks are designed by
Once the search violates the constraints, the ahe Hubert Curien Laboratory, France. The emula-
tempt to explore this data path is immediatelyion blocks generate traffic for one directed task
terminated. These bounds trim away the unprongraph to trace the communication between the
ising mapping patterns early in the search anthsk nodes that are mapped on NoC. They are the
hence speed up the mapping process with lespecific blocks to insert packets of (Traffic Gen-
computation time and less memory depth. Thisrators) into and to extract packets of (Traffic Re
new algorithm was developed for this work and igeptors) and from the network [10]. The number
easily inserted in the design flow. Like the tradi-of traffic generators (TGs) and traffic receptors
tional BB algorithm, the BBL algorithm is more (TRs) depends on the size of the NoC. These emu-
suitable for small problems on small FPGAs, fotation blocks are managed by the manager. The
example, the image processing application. This manager [20] is an agent between the PC and the
because the implementation time of the algorithremulation platform that is implemented in both
increases considerably with an increase in the siardware and software components. Firstly, it
of the NoC. For mapping N tasks to N tiles, thaéransfers the information of task mapping scenatri-
original timing complexity is O(N!). Although the os to the emulation blocks. Secondly, the manager
bounds help shorten the implementation, when thdecodes and executes the commands to guide and
NoC is bigger than for example X77 NoC, the monitor the behavior of the emulation blocks.
mapping solution requires several hours. The dé=inally, the manager extracts and deals with the
tails of this algorithm are beyond the scope of thiemulation results from the emulation blocks and
paper. then transfers them to the PC. It should be noted
As already mentioned, the three mapping algdhat this emulation platform only emulates the
rithms are selected with respect to the actual agommunication between routers of NoC. The pro-
plications or the desired performances. All theseessing elements (PEs) and the memories are not
algorithms are used to generate the correspondiggnnected with the NoC emulation platform.
task mapping strategies and accordingly, to devel- This platform is a heterogeneous (PC and
op the task mapping scenarios with the emulatiohPGA) platform that can fully perform the explo-

libraries. ration flow. It can retrieve the performance of the
communication tasks before implementing the
3.4 NoC emulation platform real application code.

In this paper, the exploration flow uses one Based on the emulation platform, the generat-
FPGA-based NoC emulation platform with x7  ed task mapping scenarios are used as the inputs
NoC to evaluate the resulting task mapping scénd the timing latency of data transmission be-



tween any two routers can be emulated as the outesigner can choose the most appropriate task
puts. The timing latency between two routers isnapping algorithm and the most suitable shape of
expressed as the effective amount of clock cyclddoC to meet the specific requirements of a partic-
needed to complete all data transmission from ondar application.
router to another. The clock cycles of the idleetim  In the following section, we detail the steps of
between two transmissions are not excluded. Thhe exploration flow. Three task mapping algo-
timing latency reflects the actual time required forithms and four kinds of NoC size were selected
data transmission according to the task graph p# illustrate the flow. Although the example used
rameters. Several latency measures are one refey-a homogeneous architecture, it also works for
ence of the timing performance. heterogeneous architecture.

Th_e obj_ectlve of the_ task mapping exploratlo_n 4. EXPERIMENTS
described in the paper is to evaluate task mapping
algorithms for NoC and NoC shapes. It is open to Several task mapping algorithms and mesh to-

any emulation methods. pology shapes were selected for the experiments.
For the applications, one random benchmark
3. 5 Analysis of results generated by TGFF [18] (a) and one benchmark of

The last stage of the exploration flow is perteal image applications (multispectral imaging
formance evaluation. The timing results from th€b)) are selected. The only constraint for the ap-
emulation platform, the FPGA resources useglications is the maximum number of tasks, which
during the emulation, and the total execution tim@eeds to be less than 14 to fit to the shapeseof th
of task scenarios are analyzed. NoC. These two benchmarks are selected to check

For one benchmark, various indexes of timinghe validity and feasibility of the task mapping
evaluation are analyzed, for example, the totadxploration flow.
latency of all data transmission, the average faten Fig. 6(a) shows the task graphs of application
cy of the data path, the latency of the longesa datandomly generated by the TGFF tool. This task
path, and the standard deviation of all the datgraph is a directed acyclic task graph. The maxi-
paths. The unit of measure for latency is the nummum number of inputs or outputs of one task node
ber of clock cycles. is four. The values of all the necessary communi-

At the same time, the FPGA resources used tation parameters concerning the transmission
implement the application are given according tdetween task nodes are randomly generated by the
different task mapping scenarios to evaluate thEGFF. Fig. 6(b) shows the task graph extracted
FPGA resources consumption. from a real image processing application — multi-

The total execution time of the task scenariospectral imaging. The values of the communica-
consists of two parts: the implementation time ofion parameters between task nodes are given ac-
task mapping algorithm on PC, and the configuracording to the requirements of the real data trans-
tion and running time on the FPGA emulatiomrmission. This image application was selected be-
platform. cause it has distinct structural features in the co

All the results are assessed according to th@ecting relations between task nodes. These two
different task mapping algorithms and the differtask graphs are implemented on different NoC
ent NoC sizes, respectively. shapes to check the effects of NoC shape.

For different applications, different design re- The three task algorithms selected are the
guirements have to be met. The task mapping ekandwidth constraint Branch-and-Bound algo-
ploration flow provides the performance analysisithm (BB) [16], bandwidth- constraint and laten-
for different mapping algorithms and NoC shapes;y constraint Branch-and-Bound algorithm (BBL)
such as transmission efficiency, dynamic energgnd Template-based Efficient Mapping algorithm
consumption, FPGA resources use, and executighEM) [7]. The BB and TEM are the typical de-
time. By comparing these analyzed results, the



terministic task mapping algorithms. The BBL (6 F (0 F (1 F
algorithm was specially designed for this work. ! ! ' ’
4

‘]’ |
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(a) BB (b) BBL
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(a) Random benchmark (b) multispectral image

Fig. 6. Directed task graph of a random benchmark and a (c) TEM

real application Fig. 7. The mapping strategies of the random benchmark

For the NoC specifications, four shapes of the on a 3x3 NoC
mesh topology are used on which the application

is implemented: X 3 (only for random bench- NP 4 all the circl ith th b
- oC routers and all the circles wi e numbers
X : o
mark), 4<4, 3x5 and 2< 7 respectively. The XY represent the task nodes of the application. The

routing algorithm is adopted. . : : )

: . figure depicts the one-to-one relationship between
The task mapping scenarios for these bench): )

. .~ the task node and the router. For example, with

marks are generated using PC. The scenarios aj€

then emulated on the ML605 FPGA platform € BB algorithm, task node 'T4" is assigned to

i . the router ‘R8'.
(with the Virtex 6 FPGA). The advantages of such According to the task mapping solutions for

a platform are not only providing logic resources ,
to emulate real communications but also to carry'® 3><. 3. NoC, the total latency time of data
out the performance evaluation in a short timd/ansmission, the longest data path latency, and

The main clock frequency of the platform isthe time needed to implement the task mapping
66MHz. Its maximum bandwidth can reachd/gorithms obtained are listed in Table 2.

The squares denoted by ‘Rx’ in Fig. 7 are the

62.94MBytel/s. Table 2. The results of the experiment of the random
4.1 The impact of using several algorithms on the benchmark on the 3x3 NoC
3X3 NoC for a random benchmark BB BBL | TEM

EXpe”me_nt #1 is focused on the random Total latency (clock cycles)| 38954 | 43864 | 42251
benchmark in Fig. 6(a). One task node of the Longest path latency
benchmark is mapped onto one router of NoC. (clock cycles 87935 | 93609 | 92569
This task graph has 9 task nodes so NoC shape 3  Mapping time (ms) 911808 | 227952| 4749
X3 is used in this experiment. With three map-
ping algorithms, three mapping strategies can boeat
obtained, as shown in Fig. 7.

From the point of the shortest value of total
a transmission and the longest data path trans-
mission, the best solution for random benchmark



mapped on X3 NoC is the BB algorithm. When

The total latency of the random

the implementation time (mapping time) of the = benchmark
algorithm is taken into consideration, the TEM 2 96000 93600 3
. . ] Z ooappp WAt 92560

algorithm is the best solution. % oygpp "33
4.2 Oversize mapping of random benchmarks on a “§; 32333 95392?935 26237 87314
4X4 NoC. E giggg

Experiment #2 is still focused on the random E 52000 I I
benchmark, but this j[ime on mapping it on_the e 80000 - BEL J—
oversize 44 NoC using different task mapping Task mapping algorithm
algorithms.

(@)

The longest path latency of the random

benchmark
S 43364
£, O3 L 47251
5 = 38954
RIS
B EB EBL TEM

Task mapping alzorithm

(b)

Fig. 9. Total latency and the longest path latency of the
random benchmark on the 4x4 and the 3x3 NoC with
several task mapping algorithms

Diagram (a) in Fig. 9 shows the total data
transmission latency. Diagram (b) shows the
longest data path latency of data transmission. As
can be seen, the total latency of data transmission
on the 4X4 NoC can be considerable lower than

Fig. 8. Mapping strategies for the random benchmark oron the 33 NoC. The largest proportion of the
the 4x4 NoC decrease can reach 9% with the BBL algorithm. In

The results of the total latency and the longedtontrast, the timing latency of the longest data
path latency of data transmission with differenpath is only slightly reduced when the<4 NoC

algorithms on the X4 NoC and the 33 NoC is used. The trends of the total latency and the
are shown in Fig. 9. longest latency are completely different.

The resources used on the FPGA consist of the
number of slices of registers and LUTSs listed in
Table 3. For example, TEM §34) means that the
mapping solution is implemented with TEM algo-
rithm on a 4<4 NoC, but the actual NoC used is 3
X 4. Thereby the resources used (actual resources
used compared with configured resources) de-

(c) TEM



10

crease by about 28%. Compared with the strategy Total execution time of the random
for the 3X3 NoC (REG: 1375; LUT: 4640), the benchmark
ratio of increased resources used is about 28%. 1043 58

Table 3. The resources used by the random benchmark
on 4x4 NoC

92582 977.05

(s)

Resources Resources Saving Increasing
1 i (7 i (7N e

configurec usec ratio (% ratio (%, 638 7 7.05

REG | LUT | REG| LUT | REG| LUT| REG| LUT

Execution time

22411 414749

BB
(4x4)

1 2 3 4 5 6 7 8 9 1011 12
Task mapping algorithm & NoC shape

2660 | 9176| 2660 9176 0% 0%  48% 49%

BBL | 2660 | 9176| 2660, 9176| 0% 0%  48% 4dw

(3x4)
éEX'X') 2660 | 9176| 1914 6537 28% 29% 2806 29% (b)
As can be seen by the above analysis, the task The used resources of FPGA of the
mapping solutions with X4 NoC have better random benchmark
timing for this random benchmark. However, the 2 i*g LUT
3X3 NoC uses only half the FPGA resources with £ [ - =REG
any task mapping algorithms. 5 000
R
4.3 General mapping experiments with a random = 0w
benchmark X0 18
: L EEEREEEER N
Experiment #3 is still focused on the random 0 L2 34567 8 8101112
benchmark but maps it on different NoC shapes Task mapping algorithm & NoC shape
with different task mapping algorithms. The re-
sults of the longest path latency of data transmis- (©)

sion, the execution time and the resources used
i i i i 1-TEM4x4(3x4) 2-TEM3x5(3x4) 3-TEM2x7(2x5)4-TEM3x3(3x3)
with different algorithms on different shaped AR S G ae i S
NoCs are shown in Fig. 10. 9-BBL4x4(3x4) 10-BBL3x5(3x4) 11-BBL2x7(2x5)12-BBL3x3(3x3)
Fig. 10. The longest path latency, execution time, and
The longest path latency of the resources used for the random benchmark
random benchmark

00
P
#
3

Diagram (a) in Fig. 10 shows the latency of
the longest data path with different algorithms on
‘ different shapes. Diagram (b) shows the execution

41562
438064

time of the task scenarios. Diagram (c) shows the
number of slices of registers and LUTs used on
the FPGA according to the different algorithms on
different shapes. For example, TEM4 (3X4)

- —— | TG
B —— | TG
L — ] 00

Longest path latency
{clock cycles)

6 g 9 10111
Task mapping algorithm & NoC shape means that the mapping solution is implemented
with the TEM algorithm on X4 NoC, but the
(@) actual router array used is<3!.

Table 4 lists dynamic energy consumption and
total latency of all task mapping solutions for the
random benchmark. From this table, we found
that the trend of timing latency is not the same as
that of dynamic energy consumption. The design-
er cannot deduce the timing performance of map-
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ping solutions just from the estimation of the dy-mapping algorithms on three shapes 4 3X5
namic energy consumption, and vice versa. and 2 7.

Table 4. Estimated dynamic energy consumption and the ~ First, the total dynamic energy consumption of
total latency of all task mapping solutions for taedom  data transmission is estimated with formula (1).

benchmark The dynamic energy consumption of one specific
Total latency application is defined as the sum of the dynamic
(clock cycles) Dynamic energyl  energy consumption (DE) of all its data pathss It i

o 85395 3101 just the relative statistics for different strategyi
3x5 86139 3231
BB o7 7139 2335 DE = da;:!ms( packetS ze(d) O packetNum(d) ChopNum(d))
3x3 87935 3465
4x4 86237 3204 1)
35 86237 3204 Based on t_he _platform, the data fr(_)m one rout-
BBL 7 88230 3646 er to the destination router is transmitted through
a0 393600 1273 t_he message. One message is a set of packets (de-
il 87314 3965 fined by the_number of packets (packetNu_m)) and
s 87314 3965 one packet is a set of flits (Flow control _blts¢(d
TEM " 91268 2579 fined by the_: size of the packet (packetSize)) [10]._
3 92569 1343 The dynamic energy consumed on one data path is

defined as the product of the amounts of data

The experiments show that each of the differf@nsmission and the number of hops (hopNum)

ent mapping algorithms used for the differenPtWeenN the topology nodes of the data path. The

shaped NoCs has its own advantages and disdfnount of data transmission is the nur_nper of
mckets transferred on the data path multiplied by

the different requirement points, different solu-the size of th? packet. . .
Table 5 lists the estimated dynamic energy

tions for the random benchmarks can be chosen i ¢ h K ) Ui h
based on the different requirements. In the sight &ONSUMption of each task mapping solution. The

the dynamic energy consumption and the totaolutions using the BB and BBL _algorithms on the
latency, the BB algorithm with 34 is the opti- S Shape use the least dynamic energy.
mal solution. Considering the longest data pathTable5. Estimated dynamic energy consumption of all

latency, the BB algorithm with 27 is the best task mapping solutions for multispectral imaging
solution; but considering the execution time, the¢ ax4 3%5 ox7
TEM algorithm with 4<4 is the best solution; BB 5873212 5873089 5873212

whereas the 8 3 NoC uses the least FPGA re-

sources for any task mapping algorithm. There- BBL >873156 5873089 6083033

fore, the appropriate mapping algorithm with the Tem 6083156 6292743 5873436
appropriate NoC shape needs to be carefully in=

vestigated. At the same time, the timing latency of each

task mapping solution with different algorithms
4.4 Experiment with an image processing applicaen different shapes is emulated on the platform.
tion Table 6 lists the total latency and the longesh pat
In this experiment, the benchmark from the relatency of all the task mapping solutions of the
al image processing application — multispectramultispectral imaging application.
imaging — is implemented and evaluated. It is
evaluated on the FPGA platform with three task
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Table 6. Timing latency of all task mapping solutions for solutions for this application for different cases
can be easily selected according to the different

multispectral imaging

Total latency | Longest path latency
(clock cycles) (clock cycles)
4x4 | 12178847300 2673824330
BB 3x5 | 12110906458 2606284822
2x7 | 5863850013 3200143801
4x4 | 12178685731 2673789617
BBL | 3x5| 12178487399 2673870982
2x7 | 5864067418 3200181877
4x4 | 5910408782 3433031213
TEM | 3x5| 8693999935 3394092353
2x7 | 9214319094 3625959437

requirements.

the case concerned.

5. DISCUSSION

Based on all experimental results of random
benchmark and multispectral imaging applications,
the best task mapping solutions can be summa-
rized as a function of the different requirements.

Table 8 gives the appropriate task mapping al-
gorithm with the suitable NoC shape for two ap-
plication benchmarks. The standard used to
choose the best solution will differ depending on

When the timing results in Table 6 are com- Table8. The best solutions according to different re-

pared with the estimated energy in Table 5, it ¢
be seen that the tendency of timing results is n

as same as that of the estimated dynamic energy

consumption. Therefore, the designer cannot d

termine the appropriate task mapping stratedy energy
only depending on estimated dynamic energy COn-| gngest

sumption.

Table 7. Execution time of all task mapping solutions
for multispectral imaging

imeonPC | | onFRGA | CeeUtEn

(ms) (ms)
4x4 5435424 5974 5441394
BB | 3x5 3830401 5990 3836391
2x7 1034352 5974 104032¢
ax4 5435359 5974 5441333
BBL | 3x5 3830297 5990 3836287
2x7 1034332 5974 1040306
4x4 4789 5943 10732
TEM | 3x5 4433 6021 10454
2x7 4194 5990 10184

are similar.

n quirements
Ot Random benchmark Multispectral imaging
algorithm shape algorithm shape
- .
Dynamic BB 4x4 BB/BBL 3x5
path BB 4x4 BB 3x5
latency
Total BB 4x4 BB 2x7
latency
Average BB 4x4 BB 2x7
latency
STDEV BB 3x3 BBL 2x7
of latency
Execution| gy 4x4 TEM 2x7
time
FPGA
reSOUTCes BB/BBL/TEM | 3x3 | BB/BBL/TEM | 2x7

The results of the experiments show that the
best timing latency result is usually obtained with
BB task mapping. This is because this mapping

Table 7 lists the execution time of all the solualgorithm does not consider the latency con-
tions. It includes the task mapping time on PC anslraints and traverses nearly all mapping possibili
the configuration and running time on the FPGAies to achieve the minimum energy consumption.
platform. The mapping time of the TEM algo-For the same reason, its computation complexity
rithm is shorter than that of the other two algois enormous and the implementation time of the
rithms, but the running times of three algorithmsalgorithm is often far longer than with the other
algorithms. Compared with BB, the TEM task

By analyzing the results of the explorationmapping algorithm executes only one turn to get
flow based on the emulation platform, the besthe mapping solution according to the bandwidth
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and latency constraints. Its implementation time 6. CONCLUSION AND PERSPECTIVES
decreases dramatically but the timing latency of .. paper addresses an important issue in the

the corresponding task mapping scenarios WiRI . : :

; . oC design: exploring the best possible task
?ISO be longer. The E.’BL task mapping alg.omh”}napping and mesh topology. An exploration flow
is based on BB. It_s implementation time is Ie§ proposed to help NoC designers to choose an
than BB because it takes the latency constrain propriate task mapping technigue on an appro-

Into 8[.)CCOUdnt.t Tth_e Iatenc%/h cpnstralrjéf provid riate NoC shape for a particular application. By
e ot fombining e NoC_confuraion parametes
algorithms .the timing performance and the im- ppllc_atlon communlcatlon parameters, ar!d task
plementati;)n time of BBL algorithm lie some- mapping tgchnlques,_the flow gene_rates different
where in between tasl_< mapping scenarios. _By emulating these sce-
L Co . narios on the NoC emulation platform and analyz-
Like in the analysis of experiment #2, th&4 4 the emulation results, the best solution can be
NoC offers more task mapping choices. The timgong for a specific requirement. The complete
ing of the scenarios on thex#t NoC is usually exploration space is required for each algorithm.
better than on the other shapes. Its disadvantagerhe experiments show that the exploration flow
that it uses more FPGA resources. From the begin help the designer to explore the best task
solutions for multispectral imaging, the differentmapping strategy to meet the design requirements
results can be observed. The best solution witf a particular application.
minimum dynamic energy consumption and the |n this work, the latency constraints of the ap-
longest path latency is based on the®Bshape. plication task graph are used randomly. Our next
The best solution for other requirements is basedsk will be to explore the definition of the labgn
on the 2X7 shape. This result is mainly due to theconstraints of specific application. The adaptive
task connection structure of this specific applicadefinition of the latency constraints of specific
tion. application will help improve timing performance.
As explained in the above discussion, the prdt also will accelerate the task mapping execution
posed task mapping exploration flow is vital fortime of BBL algorithm.
the designer, as it helps identify the appropriate
task mapping technique on the suitable NoC shape ACKNOWLEDGEMENTS
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