MPMAP : A High Level Synthesis and Mapping
Tool for MPSoCs

Amr M. A. Hussien, Ahmed M. Eltawil
Electrical Engineering and Computer Science
University of California, Irvine
Irvine, California 92697
Email:{ahussien, aeltawil} @uci.edu

Abstract—The design of efficient multiprocessor systems on
chip (MPSoC) is a daunting challenge. This challenge is driven
by the increasing demand in achieving high performance, low
power, and reconfigurable applications onto the same platform.
As a consequence, there is an emerging need for fast, and efficient
design space exploration, while providing abstract models for a
wide range of applications, and types of processing units (PUs).

Therefore, this paper proposes a framework for a fast MPSoC
generation with joint task and core mapping with the objective
of minimizing the average power consumption. The proposed
framework considers the static, dynamic, reconfiguration and
communication power components. A tool for high level MPSoC
task and core mapping (MPMAP) is built based on the proposed
framework. MPMAP provides a flexible XML interface that
provides a high level description of the different PU architectures,
and different applications scenarios. Additionally, the paper
presents a case study of real-life applications that can be adopted
in future heterogeneous wireless systems.

I. INTRODUCTION

The future of heterogeneous wireless systems highly de-
mands building low power reconfigurable platforms to sup-
port seamless reconfiguration between different application
scenarios. Numerous reconfigurable architectures have been
proposed spanning different technologies including application
specific instruction set processors (ASIPs), field programmable
gate arrays (FPGAs), and digital signal processors (DSPs).
Recently, multi-processor systems on chip (MPSoC) architec-
tures have evolved rapidly in the race to high performance
embedded computing [1]. This is particularly true for multi-
mode communications systems that require high flexibility and
low power simultaneously. Additionally, MPSoCs have a very
promising future with the aid of technology scaling.

However, building an efficient reconfigurable MPSoC is
still an open issue, and there is an emerging need to develop
frameworks that explore the huge design space rapidly and
efficiently, with the target of optimizing several design metrics.
A common design metric is the power consumption, espe-
cially in wireless and portable applications. Towards that end,
numerous techniques have been developed to optimize power
consumption at algorithm, system, and circuit levels.

The power consumption in MPSoCs is highly dependent on
the utilized architectures, and is highly impacted by the task
mapping [2], as well as the core mapping. Therefore, there
is an extensive work in task mapping with different optimiza-
tion goals, as well as core mapping optimization. Different
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task mapping techniques have been developed to optimize
the computing performance [3], lifetime reliability [4], and
energy consumption [5]. Different methodologies have been
used based on simulated annealing (SA) [6], Tabu search
(TS) [7], Genetic Algorithms (GA) [8], and Integer linear
Programming (ILP) [9]-[11]. The proposed methodologies
include both design time techniques [5], [12], and run time
mapping techniques [5], [13]. An extensive survey of different
task mapping approaches can be found in [14].

Additionally, several work addressed the communication-
aware core mapping. In [15], a branch and bound optimization
algorithm was proposed to map a set of intellectual property
(IP) to NoC with the target of minimizing the energy con-
sumption under specified performance constraints. A summary
of different core mapping algorithms is found in [16].

This paper proposes a high level synthesis tool for MPSoC
mapping (MPMAP), where both task and core mapping are
considered jointly, targeting a set of probabilistic application.
The system model proposed in this paper is motivated by the
model presented in [5]. However, in this paper, in addition to
incorporating static and dynamic energy as in [5], we consider
both communication and reconfiguration energy components
using an analytic probabilistic model. We then introduce an
energy-aware static task mapping heuristic to different PU
cores, as well as core mapping to different tiles based on the
proposed model.

The paper is organized as follows: Section II presents an
overview of the proposed MPMAP high level synthesis tool.
Section III presents the application and architecture models. In
section IV, the problem formulation is presented. The proposed
heuristic is presented in section V followed by the performance
results in section VI. Section VII concludes the paper.

II. MPMAP: AN OVERVIEW

MPMAP is a high level synthesis tool for energy efficient
MPSoC generation with joint task and core mapping. Figure 1
presents the tool flow, where it uses an XML based interface.
The XML specifies the high level architecture and applica-
tion parameters. The key components in the MPMAP XML
specifications are:

1)  Processing model : It specifies the number of avail-
able PU types in the architecture library, as well
as the static power values, which are application
independent.
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2)  NoC model : It specifies the different energy values
of the NoC components such as the link energy per
bit, the energy consumed in the router associated with
each PU.

3)  Application (scenario) model : It contains the spec-
ifications of the differnt application scenarios such
as the number of scenarios, number of task in each
scenarios, task execution times, dynamic as well as
reconfiguration power values of each task oOn each
PU type, task reconfiguration times different PU
types, communication volume between different tasks
in each scenario...etc.

The main benefit of the XML interface is the easy integration
with profiling tools that are used to generate the high level
architectural and application parameters such as SimpleScalar,
SimplePower, GEMS5, McPAT ...etc. The data is extracted from
the XML interface through an XML parser and fed into the
framework. Then, the framework runs a heuristic algorithm
that determines the maximum number of instances of each
PU types, based on the application tasks. Then it performs a
joint task and core mapping optimization. As a consequence,
it generates:

1)  An NoC-based MPSoC architecture from the given
library of different PU types. Each PU types can have
one or more instances in the resulting architecture.

2)  Task mapping of each task to a certain PU instance.

3)  Mapping of each PU instance (core) to a certain tile
in the NoC.

The inputs to MPMAP are provided by other profiling tools
and statistical measurements. While the MPMAP presents a
high level characterization of application and architectures, the
used model can easily fit to several application sets including,
but not limited to, streaming applications, and software defined
radios (SDR).

III. SYSTEM MODEL

The system model assumes a generic platform consisting
of a heterogeneous MPSoC architecture with different types
of PUs. For the sake of generality, we impose no restrictions
on the types of PUs, for example, a PU can be a general
purpose processor (GPP) unit, a DSP unit, an ASIP unit, or
a reconfigurable fabric that runs a task in hardware. Each
PU can run more than one task simultaneously based on its
computational capability and the computational requirements
of these tasks. The PUs are communicating through available
means of on chip communications. In particular, we assume
communication through 2D network on chip (NoC) grid, where
each PU instance is located to a certain tile in the NoC,
as shown in Fig. 2. Communication between two tasks is
performed through a number of data transactions taking place
between the corresponding PUs. When a certain application
comprising a set of tasks starts to run on the platform,
the tasks are mapped to different PUs based on a mapping
procedure, and the selected PUs are configured to perform
the corresponding tasks. Fig. 2 illustrates the idea of mapping
an application, represented by the task graph, to different PU
types, as well as mapping the PU cores to different NoC tiles.
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Fig. 2: Task and Core mapping

The system can operate in one of 3 states: {IDLE, AC-
TIVE, and RECONFIG}. In the IDLE mode, only static
power is consumed. In the case of ACTIVE mode, the static,
dynamic, and communication powers are considered. The
RECONFIG mode takes place upon reconfiguration from one
scenario to another. In this case, static, and reconfiguration
power are considered. Our solution is based on the frame-
work originally proposed in [5], however our contribution is
to increase the dimensionality of the problem by including
both communication and reconfiguration energy, in addition
to leakage and dynamic energy. We further consider the core
mapping to minimize communication energy.

A. Application model

The model assumes that the system supports a different set
of applications, where each application can operate at different
modes of operations. Different modes for different applications
construct different scenarios, and one scenario S,, € S is
executed at a time, where S is the set of all possible scenarios
and S, represents the m*" scenario. Each application scenario
S is modeled as a set of connected tasks represented through
the directed task graph G, = (ém, Vin). This task graph
has a set of nodes V,,, representing tasks and a set of edges
€ representing communication between tasks as shown in
the task graph in Figure 2. Each scenario has an execution
probability x,,, an average execution time of 7,,, and a set
of tasks 7,, C 7T, where T is the total set of tasks and 7,,
is the set of tasks executed in scenario S,,. The variable 6; .,
indicates the mapping between ¢; and S, such that 0, ,, =1
when t; € T,, and 0 otherwise. For each task ¢; € T,,, there
is a computational requirement denoted by ;. Communication
between the pair of tasks ¢; and ¢; in S,, is defined by the
variable €;; ,,, where €;;,,, = 1 if t; communicates to #; in
S, and 0 otherwise. The number of transactions between two
communicating tasks ¢; and ¢; in .S, is defined by Nirans; ym-
For a certain task ¢;, the task probability, v;, is calculated as

bi= > OimXom- (0

Sm€S
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Fig. 1: MPMAP tool flow

B. Architecture model

The model assumes an MPSoC based platform constructed
out of different PU types. Each PU type has computational
resources denoted as A; for 4" PU type P; € P, where
P is the set of all PU types. It is important to note that
even with PUs that are identical in structure, their computa-
tional capabilities might be different due to different operating
parameters such as supply voltage or operational frequency,
where voltage and frequency scaling are commonly utilized for
power constrained platforms such as mobile wireless devices.
Thus it is reasonable to assume a rich PU space, however
to maintain mathematical tractability, we assume that the
operational choices such as voltage and frequency settings
for each core are preset. Each PU type P; has a number
of instances. The maximum possible number of instances is
determined in the design time exploration (DSE) phase.

In general, for heterogeneous PUs, each PU type supports
different functional units (FUs), such that some PUs may
not be feasible for certain tasks. i.e, one task may require
floating point operations which are not supported by certain
PUs. Therefore, a feasibility indicator f; ; is defined such that
fi; = 1 if task t; can run on any instance of P; and 0
otherwise. The communication between these PUs is carried
out through network on chip (NoC), which was proven to be
efficient in terms of scalability and power consumption [17].
For any instance of the j** PU type, the static power is denoted
as o; which is independent from the task running over p; ,
where j;  is the k" instance of the j'* PU type. In addition,
execution of a task ¢; on any p; 1 is associated with a dynamic
power consumption of J; ;. The execution time of task ¢; on
any instance p; j is defined by 7; ;. Moreover, we assume that
there is a reconfiguration cost associated with each task upon
mapping to a certain instance p; ;. In general, we refer to the
reconfiguration power of reconfiguring ¢; on any pj; as 7; ;
and the corresponding reconfiguration time with 7, ..

The communication between two tasks ¢; and ¢; mapped
on p; and pg , instances of any PU type is associated with
a communication energy cost. This energy is based on the
topology and represented as I 1 4,. In our case, we assume
the topology presented in Figure 2, which is a 2D NoC
grid connecting different PUs. Each instance p;j is placed
in a certain tile defined by a column number Cj; and a
row number R; ;. The corresponding communication energy
per bit between p; . and p, ., is represented as F;j 4. and
it depends on the manhattan distance MDj, which is the
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minimum path length between p; and p,, instances, and
is defined as |C}; — Cy | + |Rjx — Rq,|- The corresponding
value of Ejj, 4. is divided into the energy consumed in the
link (E'rp;¢), the energy in the routers (Frpi¢), and the energy
between the router and the local module (Fcy,:) as depicted
by (2). The total communication energy is the communication
energy per bit times the communication volume between t;
and ¢; as indicated by Nirans, - Ej kg0, sSuch that

Ejﬁk’,q,v = nhopsERbit + 2EJC’bit + (nhops - 1)ELbit7 (2)

where the nj,0ps is the number of routers that the bit passes
through, and it is defined as MD;J + 1. To account for
the routing through paths our than the shortest distance, a
communication overhead factor is defined, and is denoted by
C°. The binary variables L? , and LT. 1 Tepresent the placement
of p pg to the c¢*" column and r*" row respectively such that

= 1if p;  is placed in the ¢ (r*") column (row) and 0
otherw1se The overall application and architecture parameters
are summarized in Table I.

IV. PROBLEM FORMULATION

This paper considers joint task and core mapping at the
design time phase of heterogeneous MPSoC. For the given
set of scenarios S, and a given set of PU types P, the target
is to: Choose the appropriate PU instances of each PU type,
then find the mapping between different tasks and different PU
instances to minimize the overall power consumption including
static, dynamic, communication and reconfiguration power.
The binding process is accompanied with determination of
the number of utilized instances of each PU type. A task t;
is related to the PU p;; through task utilization u;; = %
which defines the portion of PU resources utilized by ¢;. In
addition, a feasibility indicator is used that indicates whether
a task t; is feasible to run on any instance of P;. In general,
for the mapping of ¢; on p;; to be feasible, u; ; < 1. The
variable M; ; ;. defines the mapping between ¢; and p; ;. such
that M; ;. = 1 if ¢; is mapped on p;, and O otherwise.
In addition, the variable Z,, ;; defines the mapping between
scenarios and PU instances such that Z,, ; , = 1 when any
t; € Ty, is mapped to p;j and O otherwise. To formulate a
tractable problem, we assume the following:

1)  The application scenarios to be run on the architecture
are known a priori.



TABLE I: System parameters

Param. Definition Param. Definition
S Set of scenarios Aj Computational resources of P;
T Total set of tasks fig Feasibility indicator of running ¢; on any P;
P Total set of PU types Yi,j Computational demand of running #; on P;
S m!" scenario o Static power of P;
Xm Execution probability of S, 0,5 Dynamic power of ¢; on P;
T Set of tasks in S, Wi j Utilization of t; on P;
t; it task Ni,j Reconfiguration power of running ¢; on P;
0im V.mdble indicates that t; € T, Ti,j Average Reconfiguration ratio when running ¢; on P;
Tm Execution time of m®" scenario Dj.k k" instance of P
mi Activity factor of ¢; when running on P; Cjk Column number on which p; . is located
€i,l,m Variable indicates that ¢; communicates to t; in S, Rj K Row number on which p;  is located
Ntmn% Im Number of transactions between t; and ¢; in S, Ti.j Execution time of task ¢; on P;

2)  Each task is mapped completely on one and only one
PU instance. However, each instance can host more

than one task simultaneously.
3)  There is at least one feas1ble PU type to run each

task.
4)  The probabilities are known a priori. This can be

estimated based on historical measurements.
5) The values of static, dynamic, reconfiguration, and

communication costs (power or time) of different
tasks on different PU instances is obtained through

}%oﬁhng tools.
here is no communication cost between any two

communicating tasks running on the same PU.

6)

The dynamic power consumption is highly affected by the
task activity factor, which depends on the task mapping. The
average activity factor associated with mapping a task ¢; to
any p; ;. is defined by m; ;, and it is computed as:

mg 5 = Z Xmei,mﬂ‘,jﬂ;l 3)

Sm€ES

Similarly, we define an average reconfiguration factor, 7; ;,
upon mapping t; to p;. This average reconfiguration is
computed as:

Tij = Z OimTrs s T 4

SmES

The reconfiguration process from a scenario S, to S, is
associated with reconfiguration of tasks ¢; € T, and ¢; ¢ T,
In addition, we assume equal probability of reconﬁguration
from one scenario to another scenario, so that it equals —,
where Ny is the number of scenarios. Therefore, the reconﬁg—
uration power associated with reconfiguration from 5, to S,

is Z Oz,m(l Oi,a)ni,jkfi,j,h
t; €T

In addition, we define an average communication rate,
ACR™, between any two tasks #; and t; that represents
the average value of communication volume per scenario
execution time, and is calculated as:

d_ —1
ACRZ Z Xmez mel mé&i,l mNtrane, Lm Tm (5)
SmES

The average power consumption among all scenarios is
derived as in (6), where the four terms represent average static
power, average dynamic power, average reconfiguration power,
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and average communication power respectively.

Z Z Xm0 Zm,j,k

Sm€S pj,kEP

+ Z Z miyj(si,j]wi,j,k

L €T pjLEP

Y Y

t €T pj nEP N

LEDEEDY

ti ttET PjksPq, v EP

Pavg =

— i) i, Mi j 1
Mihj,kCOACRi’lEj,k,q,v]\/flqu

(6

The target is to find the optimal task mapping M; ;1 as
well as the optimal core mapping Lc e L . With the target of
minimizing the overall power consumptlon as depicted in the
equation set (7).

min Py (7a)

Z fiiMijr=1Vt; €T, SmeS (7b)
pjLEP

Z Wi i Mk < Zmjr ¥ Sm €S, pjreP (Tc)
t:€Tm

> L§,Lj, <1 VeeC rerR (7d)
PjkEP
D> LiwLix=1Vi.eP (Te)
ceCrer
M; =101} Vt, €T,pjr €P (7f)
Zmjk =10,1} V Sy € S,pjr € P (72)
L;k ={0,1} Ycel,pjreP (7h)
Ly =10,1} YreR,pjr€P (71

The constraint in equation (7b) guarantees that each task
is mapped to one and only one feasible PU instance. The
constraint in (7c) ensures that the utilization condition is
satisfied for each PU instance in each scenario. The constraint
(7d) states that each position defined by a row number (r)
and a column number (¢) in the NoC grid has at most one
allocated processing unit, where R and C are the sets of total
rows and columns in the NoC grid respectively. Additionally,
the constraint (7e) guarantees that each PU is allocated to one
and only one position in the grid.



V. PROPOSED HEURISTIC ALGORITHM

We propose an iterative heuristic solution to minimize the
average power consumption. The proposed solution has two
parts: Initial, and iterative solutions defined by algorithms
1 and 2 respectively. Each one consists of task mapping,
followed by core (re)mapping.

A. Static energy aware task mapping

The static power of any PU is task independent, so there is
no direct linear cost function that relates the mapping variable
M; ;r to the average static power dissipation. An initial
relaxed cost function, shown in step 5, is used to estimate
the average power consumption of each task on any PU. This
initial cost function considers only the effect of static, dynamic,
and reconfiguration power costs. There is no corresponding
available communication cost prior to mapping. The set of
tasks with the minimum cost function on P; are included in
7; and all the tasks in 7; are arranged based on utilization
in descending order. This heuristic starts mapping tasks to the
PUs with lower static power first. This increases the chance
to pack more tasks into the PU instances with lower static
power consumption, and contributes accordingly to the total
power saving. As shown in step 8, the PU types are sorted
in ascending order according to the static power consumption.
The power cost is then computed for each ¢; € 7; on several
PU instances as depicted in steps 14-17 . In step 19, the task
t; is mapped to ﬁj.’ 7 with the minimum total estimated cost.
After mapping ¢; to p; ;, the total utilization U, - ;. of p; j in
each scenario 5,,, that includes ¢; is updated as shown in step
20, and mapping variable is updated as in step 21. Afterwards,
the core mapping algorithm defined by algorithm 3 is executed
based on the available communication costs.

Algorithm 1 Initial task allocation

T« oY P EP

Zmjk =0V Sm €S, P;€P

CUpm ik =0V Sm €S, P;eP

: for each t; € T do

Py« arg Iylg;){wiui,jaj +mi,;0i,5 + (1 — )i jni,j/Ns} such

that f; ; = 1 and u; ; <1
6 T]‘ < T]‘ U {tl}
7: end for
8: Sort P; € P in ascending order according to static power
9: for each P; € P do
10:  Sort all ¢; € T; in descending order according to the utilization w; ;
11
12
13

'k{lem.[\.)v—

for each t; € T; do
for each p;/ v € P do
Let St; be the set of scenarios which host task ¢;

14: S_COSti’j/’k/ = E XmZm,j’,k’ O'j/
Sm €S
15: D_cost; jr 0 =m; j18; ir
16: R_cost; js 1 = (1 = bi)r; jm; jr /Ns
17: Cost; ji 1 = S_cost; jr v+ D_cost; jr 1 + R_cost; jr s
18: end for
19: Assign t; to ﬁj‘,k such that:
D5 j, < arg min {Cost; ;s 1 }»
’ i)j/ K’

Um,}',k +’LL,LJ é 1V Sm € St and flf =1

20: mk = Upjk £ 5 Y Sm € St,
21: gk = 1V Sm € St My =1
22: end for

23: end for

24: Core_mapping_algorithm () ;
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B. lIterative task remapping

After the initial mapping, an iterative solution is used
to remap tasks to reduce the average power consumption
as presented in algorithm 2. The set of PU instances that
host tasks, P, are defined after initial mapping. At each
iteration, the set of PU instances in P° are sorted in ascending
order according to maximum utilization as shown in step 2.
Accordingly, remapping starts first to tasks hosted by low
utilized PUs in order to increase the chance to free up the low
utilized PU instances. A new cost is calculated for each task
t; on each p;s 1/ based on static, dynamic, reconfiguration and
communication cost as shown in step 7. The communication
cost is estimated based on the recent task and core mapping.
As depicted in step 9, the task ¢; is assigned to the PU 13}’ i
with the minimum total energy cost and satisfies the utilization
constraint for all scenarios S, hosting ¢;. The resulting average
energy consumption is reduced with the increase in the number
of iterations and the performance approaches the solutions
obtained via optimal solvers.

Algorithm 2 Iterative task allocation

1: for Niter = 2 : no_iter do

2: Sort occupied PU instances P° in ascending order based on max
utilization

3 for each p;, 1, € P° do

4 for each t; hosted by ﬁjp,kp do

5: Let Sy, is the set of scenarios associated with ¢;

6 for each p;/ v € P do

7 Est_Cost; ji yr = S_cost jr v + D_cost; jr 1

+R_cost; ji jr + C_cost; jr 1

8: end for
9: Assign t; to ﬁj‘,k such that:
Py < arg ﬁn_}l;l,{ESt—COStivj’,k'} ,
J7
Um,j‘,fc +u;; <1 YV Sm € Si; and fz,} =1
10: Modipskp = Um,j,,kp — Ui, j, YV Sm € Sti
11: mojp.ky =0V G € St; such that p;  x does not host any
other t; € 7 with 0; ,,, =1
12: ]\/Ii,jp,kp =0
13: m.j.k :Um,j,k+ui,j V Sm € Sy,
14: 7n,5,k:]‘VSmEStt ’Mi,j,kzl
15: end for
16: end for
17: Core_mapping_algorithm ();
18: end for

C. Core Mapping

After each mapping iteration, the core mapping heuristic
in algorithm 3 is used to locate each utilized PU instance in
a specific tile in the 2D NoC such that the communication
power is minimized. This core mapping is based on the most
recent task mapping. The set of utilized instances that host
tasks are defined by P°. The set of mapped and unmapped
PU instances are defined by P, and P, respectively. The core
mapping is determined based on the average communication
rates between the different instances. The algorithm tends to
map the instances with higher communication rates as close as
possible. Consider N° as the total number of utilized instances
resulting from the DSE in the mapping algorithm, the upper
limit of the grid size is [v/N°] x [v/N°]. As presented in step
4, the core mapping heuristic chooses the PU instance with the
highest average 2-way communication rate with other instances
as the first one to be mapped. It is indicated as p;, x,,, and it is



TABLE II: Description of realistic benchmarks

Scen.  Description Tasks/nodes/edges Prob.

So Ay 71716 0.118
Sy Ay 13/13/12 0.118
S As 47879 0.092
S Ay 7/12/14 0.092
Sy Ay, As 11/15/15 0.026
Ss Ay, Ay 14719720 0.038
Se Ay, As 17/21/21 0.026
Sq Ag, Ay 20/25/26 0.026
Ss Ay, As, Ay 18/28/29 0.022
S Ay, Az, Ay 24/33/35 0.022
S0 A1, As, As, Ay 31/40/42 0.420

TABLE III: Description of the used PU types

Vdd  Tech.  Area Freq. Stat. Dyn.

PU type V) (nm) (mm2) (MHZ) pow. pow.

(mW)  (mW/MHZ)
OpenRISC 1200 1.0 65 0.052 250 0.263 0.025
ARM-Cortex A9 1.0 65 5.7 830 24.6 0.707
UltraSPARC-T1 1.0 65 7.57 610 511 0.633
Large Rec. fabric 1.0 65 40.8 100 312 0.0011/CLB
Small Rec. fabric 1.0 65 5.1 100 39.06  0.0011/CLB
Turbo dec. core 1.0 65 0.938 100 9.1 0.608

mapped in the middle of the hypothetical maximum size grid
as presented in step 5, where C, .. and R;, .. indicate the
column and row positions of p;, . respectively. Then, other
instances are mapped iteratively in descending order according
to the average communication rates with the currently mapped
instances. The position of the selected instance is determined
such as it minimizes the total communication cost with the
mapped instances as indicated in step 9. The algorithm repeats
this process until all the instances are mapped to the grid.
Whenever a new instance is mapped, it is inserted in the set
of the mapped instances P, and removed from the set of
unmapped instances P, as shown in step 10.

Algorithm 3 Core Mapping

: P2 < Set of occupied instances that host tasks

P,=¢,P, =P

: Navg_out; j < Number of average 2-way comm. rates with each p; x
D Pk < QTG E}g)}g{Na'ug_outjyk}

2 G ke = f\/Nifj’]/Q . Ry ko, = [VN©]/2

N N

5
6: By = PoUpjpy b+ Pu = Pu\Pjp i,
7: while P, % ¢ do
8 Pj,..km < arg max {no. of 2-way trans. with instances in P}
) i €Pu
90 Ry, =7 and Cj k= c such that the (r,c)*" location

minimizes the comm. energy cost with the recently placed instances.

10: Py =Py Upjm:km 2 Pu=Pu\pj,,, ko,
11: end while

VI. PERFORMANCE RESULTS

The model in section IV is populated over a hypothetical
example of a platform supporting heterogeneous wireless net-
works and running two wireless (Al: WCDMA RX [18], A2:
LTE RX [19]) and two multimedia (A3: JPEG encoder [20]
, A4: mp3 decoder [21]) examples, constructing 11 execution
scenarios as shown in Table II. The table also illustrates the
scenario probabilities. This examples assumes the library of
available PU types as presented in Table III.
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(c) WCDMA receiver task graph

(d) LTE receiver task graph

RGB .
7 Conversion 17 Subband synthesis by OFDM Demod
t[ IDCT 17 WCDMA RX filter 127} Pre-decoding
t,| Quantize t; RX PN generator by Layer Demapper
Huffman .
2] encoding l; Path search t,, | Modulation demapper
Huffman . .
ty decoding ty Descrambling by Descrambling
5 | Requantizer lis Deinterleaving Lys De-concatenation
1y Reorder t; Viterbi deocder L, Rate unmatching
t; Stereo ;g | Coarse timing and freq. offset Ly Turbo decoding
ty Alias ;9 | Primary sync. and fine timing 127) Desegmentation
Hybrid -
ly synthesis by Secondary synchronization 1 CRC Check

(e) List of the individual tasks

Fig. 3: Task graph of different applications

Profiling of different scenarios on different PU types
was held through different profiling tools such as OpenRISC
OrlKsim, GEMS5 [22], McPAT [23], and different data are
obtained from [24]-[29]. The performance of the proposed
heuristic is compared to some of the existing heuristics. To
be able to compare it to optimal solvers, the task mapping
only is considered, assuming predefined core mapping, and
the heuristic performance is compared to the IBM CPLEX
solver [30], a simulated annealing heuristic based on [6],
a baseline heuristic that considers only static and dynamic
power based on [5]. Then, the joint mapping improvement
is illustrated with respect to the task mapping-only. Table IV
illustrates that the heuristic performance is close to the CPLEX
optimal solver with orders of magnitude speedup in execution
time. The proposed heuristic is efficient with higher problem
sizes where using optimal solvers is infeasible. The resulting
MPMAP output is shown in Figure 4, where the synthesized
architecture has 7 utilized PU instances. The figure also shows
the corresponding task mapping to cores and core mapping to
tiles.

TABLE IV: Performance of different mapping approaches

Power consumption  Algorithm exec. time

Proposed heur. 4 iter 680.04 mW 24.05 ms
Stat. and dyn heur. 4 iter 819.59 mW 23.18 ms
SA-based heur. 100 iter 1305.39 mW 120.6 ms
SA-based heur. 1000 iter 894.746 mW 1.22 sec.
CPLEX (1 min.) 829.05 mW 1 min.
CPLEX (10 min.) 811.93 mW 10 min.
CPLEX (1 hr.) 683.08 mW 1 hour
Joint task and core map- 648.35 mW 26.84 ms

ping
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Fig. 4: Generated platform with task mapping

VII. CONCLUSION

The paper proposes a high level synthesis tool that performs

power aware joint task and core mapping considering static,
dynamic, reconfiguration and communication powers. The
task mapping heuristic provides comparable performance and
extensive speedup in execution time with respect to the CPLEX
optimal solver. Additional power saving is achieved through
joint task and core mapping.
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