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Esto

Esto for Qplus
Remote Debugger
Target Monitoring Tool
Optimization & Analysis Tool
Timing Analyzer
Device Driver Development Tool

GUI Builder

IDE
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JTAG-based Debugger

Target Builder

Sensor Network Simulator

Emulation-based Debugger

Esto for Nano Qplus

Linux/MS Windows Host
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Esto Features

E Esto
o,

s Accelerate Developer Productivity of Qplus and Nano Qplus based Embedded
Software

% Based on Eclipse

s Esto for Qplus s Esto for Nano Qplus (Nano Esto)

B Target m Target
® X86, ARM, Xscale, MIPS, PowerPC e AVR
B Project based source editing, cross m Project based source editing, cross

compilation, remote execution

B Remote debugging for application and
kernel module

B Non-stop debugging
B JTAG-based firmware debugging

B Monitoring various target resources
(CPU, memory, etc.)

m Power, performance analysis and
source code optimization

B Integrated and seamless analysis on
schedulability and WCET (Worst Case
Execution Time)

compilation, remote execution

Automatic loading of executable
image to target system

JTAG-based sensor node debugging
Emulator-based debugging
GUI-based sensor network simulation

Simulation-based power analysis for
sensor network

Fast and convenient kernel
configuration and build
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Qplus

s Target Builder

%+ Kernel Features

m Real-Time
@ Preemptible kernel
@ POSIX high resolution timer

B Power Management
& ACPI
@ Support safe turn off functionality

m Fast Boot

@ PRESET LPJ (Loops Per Jiffy)
Save 350 msec on EPIA-M board

m TV OUT kernel frame buffer
s Other Features

m TinyX

B Matchbox window manager

m Gtk-2.6

B GPE based application management
environment
Web browser : minimo firefox-1.0.6
Media player : mplayer-1.0

ﬁ Esto

m Embedded system configuration
toolkit
m Easy build up target root file system

m Kconfig based integrated configuration
system

® Linux kernel 2.6.x

® Automated dependency checking
RPM based packaging system
Library optimization
Fine-grain control of system

® File-list, compile options, etc.
B Support various root filesystem types

® ext2, ext3, ramdisk image, jffs2, etc.

m Support various deployment methods

® CD installer, USB memory stick
installer, serial installer, NFS, etc.

Based on Eclipse platform
m Licensed by GPL
®m Include CELF patches currently 2.6.9

Embedded S/W Research Division




Nano Qplus

«* Small-sized, Distributed, Real-time, and Smart OS

¢ For Sensor Networks under Ubiquitous Environment
m E.g., medical services, environmental systems, disaster
prevention, digital home, national defense systems, etc.
% Main Features

B Reconfigurable, scalable OS
® Can be optimized for various sensors and actuators g 'g
@ Supports better S/W architecture than TinyOS of UC Berkeley * %f ¢ ‘

m Various scheduling policies .‘C:’,;,
® FIFO, Preemption, LEDF, etc.

B Various wireless communications
® RF, ZigBee, Bluetooth, etc.

B Same API sets as Qplus
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Esto for Qplus @
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I 1A
HU HU

CItHH

MXIH, HIRXINE OH,

Ao X AH=E OHE

TUHS =7 AMS-2M £ )

EPU X1 2UEHS, SO XX,
x| &

L3S B ZUHS HE, 45, 1S )| 24

Embedded S/W Research Division




IDE

** Project Management
m Creation, configuration, and building
m Makefile management
B Qplus package import/export

s Development

B Source code editing facilities
@ Syntax highlighting, automatic formatting, class browsing, etc.

[ e L]

T

)
Project Build & Remote Execution Configuration
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Debugger

* Remote Debugger
B Remote debugging starts with just one button click

B Nonstop-debugging with tracepoint and replay
@ For time-sensitive applications

s JTAG-based Debugger

m A cost-effective way to debug applications on a target system
® Needs only a cheap JTAG adaptor

m Supports full C source level debugging
B Supports both breakpoint & tracepoint
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Snapshot of

4 .Debug. = main.cpp.— Eclipse Platfonm
File Navigate Search Project

| Civ |35y Ov Qv | @ & |4 Cv v | § B

Edi

Run

Debugger

o g e

Call stack view

\
e S 2 % D G L

— &% GDB Server (12/16/04 1:21 PM) (Suspended)
= o Thread [1] (Suspended)

)=Variables &2 Breakpoi... |TraceDump| Merr-'"'-‘ Theet [etma = m]

@ class shape " pl= 0x804e710

view )

DI‘“ class shape " p2= 0x804e730
@ class shape * p3= 0x804e750 I

Source outline

= 1 main() at ../main.cpp:93 DIE class vector vs
[»_ Wi class __normal_iterator i I
|
, L1
—_— e o o o o o o EE EE o O s [« — =gl
= -- — = = =
| 0| #iiRegisters &3 O || 5= outline 32 Eq
Source view FCSemSceirmveroT = = = SR paelddE -
TirMad= == == |~ T shape.n’
S ) &% eax= 0 I; ol vector
// End of definitions added in order to use STL. # I S
ecx= 1107383636 o algorithm
int main() edx= 1074825288 I ol iostream
“
i ebx= 4402 L i “
// First part is same as in Stroustrup's book: (8l ebx= 11085 GI I7 = functional
screen_init(); esp= Oxbfffega0 ® myshape

shape* pl = new rectangle(point(0,0),point(10,10)); //+@(+shape_create
shape® p2 = new line(point(0,15),17);

shape* p3 = new myshape(point(15,10),point(27,18));

shape_refresh();

p3->move(-10,-10); //+@(+shape_p3_move,i)

stack(p2,p3);

[ =]

|
|

ebp= Oxbfffea4s
I esi= 1073828704
| edi= 134528344
I eip= 0x804947¢

eflags= 2097798

Iz

o |_eye: line*
r_eye : line*
o mouth : line*
myshape(point, point)
draw() : void

|
l
|
|
|
)

» stack(pl,p2);
shape_refresh(); (@ ‘ movelint, int) : void
= @ muschana mvchanainnint ll
< A » [«] -
E-cgms;\i-k;‘————————————————————-g%|5§-,i-|-g-ﬁv=‘ﬁl
M
face [C/C++ Remote] /home2/htlim/eclipse_esto/runtime-workspace/face/Debug/face (12/16/04 1:21 PM) 1
I ad
7
[+]

Console view |

—E
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Target Monitoring Tool

&

% Concurrent multiple-target monitoring
* Various target resource monitoring

m CPU, memory, process list, process memory map, kernel module, etc.
s GUI based kernel event trace

>

% Remote tracing of system call and library function

E=to Monitor - Eclipse Platform

File Edit Navigate Search Project Analyzer TargetBuilder Run Window Help

& Q| e [ | [ Esto Monitor
m = O || % system Information 53 =B

Add Target Remove Target Modify Target | CpUView ‘ Kernel | C P U/K er n eI
= (T Target processor 0 .
Infomation )
P xscale(129.254.180.248:2004) cpu family 15 :
Target Browser 2 ‘
model name  Intel(R) Pentium(R) 4 CPU 3.20GHz B
| N
@ Process View & o = 0| @ cPu View & m =g
1 SaMEM |VSZ ‘ RSS ‘TI'\" | STAT ‘ START |TIME COMMAND ‘ 3
0.0 1368 436 T s Aug0a 0:07 init L
0.0 0 0 7 swW Aug09 0:12 [keventd] 1
0.0 0 0 ? sw Aug0g 0:00 kapmd]
0.0 0 0 ? SWN Aug0g 0:00 ksoftirgd_CPUO] — - :
0.0 0 0 7 swW Aug09 0:03 [bdflush]
0.0 0 0 ? Sw Augdd 114 kswapd] CPU activity : 5.0 % CPU/Mem O ry
. 0.0 o 0 7 SW Aug0a 0:00 [kscand/DMA]
Process L | St 0.0 0 0 z sw Aug09 4331 [kscand/Normal] & Memory View &3 Usag e
0.0 0 0 ? sw Aug09 236 [kscand/HighMem]
0.0 0 0 7 SW Aug0a 0:03 [kupdated]
0.0 0 0 ? SW Aug09 0:00 [mdrecovenyd]
0.0 0 0 ? sw Aug09 0:04 [kjournald]
0.0 0 0 7 sw Aug0g 0:00 Tkhubd]
0.0 0 0 ? SW Aug09 0:00 [kjournald]
0.0 0 0 ? sw Aug09 0:00 [kjournald]
e " m = e JE— — Wrintrmaldl j Memory Used : 992 MB { Total : 1007 ME
‘J rrr |+ Swap Used : 30 MB [ Total : 996 MB
I |
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Optimization and Analysis Tool

s Optimizing Application
B By using loop transformation such as loop distribution, loop
interchange, loop unrolling, and scalarization

*» Analyzing Power of Embedded Application
B Together with performance and code size

s GUI-Based Integration of Optimizing and Analyzing

Ble Edt Relacyr Nevgee Segch Ban Pt lww-'e.-ﬂw-h-v

Multi-meter & Target System Optimization & Analysis Tool
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E Esto

Timing Analyzer

¢ Static timing analyzer for C/C++ based real-time application
m Analyzes WCET (Worst-Case Execution Time)

® Considering XScale micro-architecture’s characteristics such as pipeline &
cache.

® WCET analysis for OS components, such as a scheduler and interrupt
service routines, based kernel source code

B Analyzes Schedulability based on RMA (Rate Monotonic Analysis)

TMO Mame Period

hlﬂcking

Deadline

Response Ti mé

Schedulability |

OpticalSensorTMO
OpticalSensorTMO
DoorTMO2
DoorTMO2
DoorTMO2

SenseObjectSpM
CheckDetectionSvM
SenseDoorsphl
SenseDoorsphd2
MoveDoorspM

|
500000 ©
|
|
|

450000
500000
500000 I
450000

309
:4109
2409
409

|/533

30000
50000
15000
15000
400000

18274
8228

20785
23196
21187

schedulable |
schedulable |
unschedulable |
ur15chedulablel
schedulable I

Analyzed WCET Final results of

schedulability analysis
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ClHjo|A =20[H g =

5. C|H}lO| A =E2}o|b{ <
4, E2lo[He| 7|2 M E ™o mpel s AJEM

£ I

Define Driver File Aceess Function
Selact the ype of mquests that your driver wil handie, Press Next Whan you am done.

Define Device Driver
Define your device driver. Press Mext when you are done.

[CDead  Used to retrive data fiom the device.
[Cume  Sends data o the device.

. fame Clapen  The fiss opesason pedomed on the device fle.

N [T rjease Imvoked when the IBe SILCTERE IS eing reseased.

Clioct  ©fers a way to issue device-spechc commands.

memn * [ mmap Used i request a mapping of device 10 4 prcess's addess space.

S Struct Name :

3. C|H}O|A HIAE

-4 [Pssek Ut 10 Change the Cument resduiite poasion in 3 fle.
| Select Device Interface
H A—I EH Sotling iredace Infeddace inbormation
A " o [w| | Endpanty 7, claws: B, subciany: 0, prtocel 0
2- EI I-OI— — 1 ety U L. el point address: &2, aivibuses. §
eace o l.} ‘mas packet siga; 103), Inerval 37 )
I 1|t s B, e 1 [ o] [ e ]
Select Device Aternste Seting [0 M ‘max packet size O, Interval 1 [ Nt > ] crsn || cancs ol |
Device List : |Logitech, Inc..Invalid Produ il .',|"‘ : _I_q _: Aé AO-I
=
ssssmmua®
T e e
Towme U=
4 i
u
= u
- i
|- [=1E0) - i
: ssssmmma® =
Select Device Type ::
;lli:::n!mﬂ'klmjd program pou want to device. and press Next (0 begen the Ereh ][ canes

EEEEE T C/tfo/~ =&fo/H] 210/ 14
4 2 Hof2A =

a detaled dscussion of USE
IR R R R RN L BOOTLE_MVICE_TAMLEfpct, das_tabled i st of
_..l‘_._._.._.____—______l'l_. s o

. -

1. A ERQ) MEH | o g -

Mgt € P T Cobans Pragaans Fratirms

L

[ cancet |

= fack pext> |

Embedded S/W Research Division




GUI &I (gDesigner)

B oDesigner: <0222 (ol x|
Project HE(E)

SPRE-I N B R

LBl ity we 0]2/5J|  Simulation  Editor

Sirnulation Window

El II‘ OI Xt Dwm.um-m Propert| o
— < 2/ |Packing | Commen | A1 1% | & Al E E” O | }a
EEH entry1
EEE GtkEntry =|_ D:|
gUEEEEEENBN llllllll.. EEECH o 3 1
o *e are wo;: ]
hd =lold) 5 20 o ]
- ere:
: Has Frame: o
L] Invisible Char: |+
] . ol I‘” _+_ /\" Activates Defaul oye
- n TIA Jo width In Chars: (][0 ]
L] —
: = [y | 7 [=)
L]
L]
L] - Widget Tree
n buttont = = [ windout
[ ] : Palette v@ tablet
: [ ﬂgm Jabl R
] - OTK+ Basic B8 buttont
" : GTK+ Additional
D T R eppepp—— iiaiidd

OF=@A = Hardware button

S| Xl ALOI BFeCEEER— |
TlA [=— =]
EvEEENEE E [fAE
s H=8HE=0@r OIME BIAE
M Z2HE ¥y Vi

Desktop PC / Notebook PC

16 Embedded S/W Research Division




Esto for Nano Qplus (Nano Esto) @

MM HIE|T AMIEYI0IE

ma( +E AISH0IY,
M AT 2N

— 1

OiZdI0IE] I8 CIHAH

dIM = 8101 OH 3,
SNE L gl P

Nano Esto

ITAG J18 Ot A

MA S0} i,
X, HIZKE O
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Target Builder for Nano Qplus

¢ Unified Configuration System
m Configures kernel, packages and target specific options altogether
m Dependencies are checked automatically
*» Easy and Fast Kernel Build System

m Just load provided pre-configurations for a certain BSP
m Point & Click selection of each module with user friendly GUI

& Target builder Main -

kst ; Mar

e LIHIHAIE &
=
- £
== bl
& conl
o= deploy
£ i meny

. uP\'nJam. cont
| ok Ik

= il

Project Tree)

=

DHE(E) MEE) BN 2
o - | Q-

-

o Oplus System Editor - Eclips:

= BN

-ﬁﬁﬁlﬂ "‘-H(BJ Taeget Bulder - Mana (1) & SEDH)

e e e B =R B4 o Targat build,.. ™|
e
Soarch | =] Seen |
=B Hann 0 cornguraon Byrribal [SCANF M L
= W, Hoard Seleci .
? 'gusrsele:l.no;r:l e Prroenpl. [Enable scant moduls Type’ Sl e, ... )
= B, ETR-ESHdar MIND M
X Enable EEFACM module [ sl
: Ensble Flazh memony module fBize |
Enabie Timer moduls hal
= Enable UART moduls I e W
w" Erable print module
X
v Enable actusdonia, g Felay LED..,. ) modulss Hel
sy Enatie 800G or Sensar module L = =i g H I F I L .
: Sﬁ:lm;!m?m“ . ST roiiakzs eial inpul functons. I depends on e p , e |St )
¥ Enable wiliy funcion
& Enzbla system lo gﬁ.lm:ﬂ EI
¥ - letug Oplions -— Dependency
v rlsue Earred debu 99 ng madules
& - Racid Frotctyeing Opfions —- Hpan anrgsl h:;ml'ﬁ'zém LI Dep en d en Cy )
Unlfled T —T e |
ETRLESN ETRI-%5M [
MINIZSEN WINI-SEN
Conflguratlon UART_M Enabk LERT moduls : S mb0|
Tree y )
£ £ i
BEen . EAY 2R 2] T

Corsale
CiSrunimews Sastnanc®rolect.conf

Build Log )

]
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IDE @i

+» C source editor

m Offers highlighting syntax, auto indentation, and browsing facilities for
showing variables and functions

* Project Manager
B Provides project creation, configuration and building

*» Executable Image Downloader (Fusing Tool)
B Downloads and runs applications on a target system with just a click

*» Rapid prototyper
B Creates skeleton code based on user’s kernel module selection
m Users do not have to develop applications from scratch

Embedded S/W Research Division




Debugger

+» Emulator based approach
m checks stability before downloading an executable image
B Supports debugging without a target system

s JTAG based approach

m A cost-effective way to debug applications on a target system
@ Needs only a cheap JTAG adaptor

m Supports full C source level debugging
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Snapshot of Debugger

Variables Memory

& Debug - timer-blink.c — Eclipse Platform — 131 =]
File Edit Mawvwigate Search Bun Project Avrdude Window Help
Jri- = |8 -0~ |®5 | = -] g R 1 [ %5 Dobua »
#5 Debug 32 = [ |[Wariables | Memary (L%“u?ﬁegisters jouco Breakpoints| =0
OB L e | i (SR e - % ot B s -
E1-56 timer_blink [Mano Application] -
=-&2 Emulator (05, 10, 12 2= 4:22) (Suspended)
| Egf Thread [0] (Suspended) I

= 1 main{} at, Wtirmer-blink, c:345
Leph CiManoEstoWworkspace 10Wimer_blinkWDebugWtirmer_blink (05, 10, IE'

Call Stack '

Ilc <o

m@config.h B[ 5= Qutline 3
r— — —

Registers

HLLLL

®
i1
Q
I

|
N\ tTe ~jO = io.h
/ v 7 while (i<10) { 2l =1 progrmerm.h I
N ;E?ﬂiﬁLTI‘:Ig;g;} (W] interrupt,h I
=2lWait - sig-avr.h S
LED1_BLINKEING() : pamspace, h Ource
B reak halWait (50000 config.h I t
LEDZ_EBLINKING() : sig-gplusn.h O I

halWait (50007 2 TH_MODE I u I ne

Fx_MODE I

MY _tAAC_ADDRESS
TEST_SHORT_MAC_ADDR
pT=Buffer : B¥TEL[]
SEMD_TIMEOQUT

zighee _rf_blink_rmain{waid) voidl
start{void+) : woid=
r_recv_data(bACADDR, INTS, EI‘I'
r_send_data(void=) ! void=
_exception_handler{void=) : voig-
send_data_timeout{void=) : void+
led_blink_3(woid=) : void= I
led_blink_2{void+) : woid=

iy _func{void+) : void+
rf_recw_data(MACADDR, INTS, BY¥
rf_send_data({void+) : void=
send_data_timeout{void+) : VDid*I
zighee_rf_blink_main{void) : void
_exception_handler{void=+) : vuils
led_blink_3(woid=) ! vaid«
led_blink_2{void=} : void~ |
main{void} @ int

point ,

puts("end blink.Yn™; J

return HULL:

i

f* receive task %/
roid rf_ recwv data(MACADDR srcliddr, INTS nbyte, BYTE *data)
{

A4 handling received message
#ifndef TX NODE

SET_LED_EBINARY (data[0]]:

//SET_LED MASKE(L << [{data & 0x03));:
#endif s 'THE_MNODE =t

H

/* send task */
roid *rf send data(volid Targ)

“ f

% 000000000000COO0 P EERSELELEL

A T . o . o o S o S e S S EEm

o]
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Sensor Network Simulator @

% Scalable network environment simulation
m Verifies hardware/software design of sensor network
m Provides a controlled environment for evaluating design alternatives
m Tests stability of certain network topology
*» Precise target sensor node simulation
m Simulates executable image, which contains machine instructions of ATmegal28

core in instruction level
% Accurate power
consumption estimation

m Estimates power
consumption of sensor
network based on
instruction-level power
modeling of Atmegal28

Routing path
between two
sensor nodes

% Navig... &1 /7 press (MIS5] 12 [T detect [MISS]

o me. Eng Comm, a_| SensorData | ActuatorD... |
+{Fouler < Total’ 10085 o7 e T2 0T TR 132009 000000 1
#Mouterd «Total> 07 i DR 17T T3S 000000 10100000
+ Router3 <Total» 12905 55, 46568 4103006 211934 1332009 000000 000000
HHouterd <Total> 1.06370 E.81% BNy 1813 1R 000000 0000
+| Flsators <Tatal> 07853 4284 2487046 123089 133009 000000 000000
+ Foutert <Total> 1.34379 81908 42 6T 216801 2 0000 o
4/ Sensor <Total> 165602 ™ 1605 SAMETD 2 TI0N 21,5300 T2 000000
+/ Bink; <Total> 1,452 61,8076 &7 LT 133209 000000 000000

MISS Running  [simuladon tme : 8 sec, 100 milll-sec.]
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Trigger Current
signal

_ TynuxBox
Serial IX-Hyper27x

SAE(RISA) EF2t
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Collection &

Target System :
9 y Analysis System
Embedded S/W T current Eclipse Platform
. samples
 PeEEETE : »| Collection
Kernel " | PC/PID g MoNItOY
samples -
ext. trigger 1 Iﬂ 1
System Monitor Energy Performance
Analyzer Analyzer
f ’ gty
Performance perormance protes I Energy,
Monitor Performance,
Code Size
Profiles
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el BEM =2 olE{Ho|l2 2@

GPIB/ENET
>
EF2H T =
A| A El =8 N2 El
GPIO/Ext. Trigger
< >

Serial and Ethernet
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Target System @

Target
System ‘ I

Collection &
Analysis
System

Embedded S/W

3 Current
Samples

[rC—

System
Monitor

Triggering

Ext. Trigger

Timer
Interrupt

PC/PID Samples

Performance
Monitor

- Performance Profiles
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Collection & Analysis System @

Data Collection &
Matching System

I
I
I
I
: Collection c
Current Monitor : nergy L
: Samples Analyzer
: >
I SH 2= Perf GUI :.:f—"“—%‘
| —] errormance - nergy,
I Analyzer Eclipse | sy performance,
 PC/PID plug-in Code Size
| Samples Profiles
Target , " | o5 os
System ' >
| Performance
I Profiles
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File Edit Refactor

Navigate Search Run

ESOAS - main_fmft.dius.c - Eclipse Platform

Project EstoTools Window Help

v & | ® Qv | ® 9 |[§5ive Crav w[Desoas| >
B c/Cit... 2 \:)1 = 8| [& fmfr.dius.c | [€] main_fmft.c [I@ main_fmft.dius.c 2 \\5@ nrutil.dius.c | =08 m =8
o %5| =] d§: = extern ?nt fmt(dm:lble #% 1int, double, double, int, double **, iz laz ® .Qs o =
int BN (void);
v & fmft extern int dmul(); @ _|O_marker
I < Binaries SEe " tring 3[12] = "Klg ¥lg ¥lg" b @ _tmp_structl
static char __tmp_string | = H
b Hincludes R . RS b © _IO_FILE
I =ESOAS extern int main{void) B @ _10_marker
B [H] nrutil.h T ++ fopen
int i; = ;
b [ dmul.c double **output; P ++ printf
b [l fmift.c double **input; Z ++ fscanf
b [€ main_fmft.c doublestime ++ dmatrix
double freq; :
b [ nrtil.c double amp; + fmft
|=| code_size_info.dat double minfreq;  dmul
double maxfreq; g )
=l energy_prof.dat struct _T0_FILE *input_file; ®°__tmp_sting_3
5l epro.dat int suif tmp; ol @ main
dmt cndF Fwmne L*]
=l pf_monitor_0.dat [+] o 2]
=/ pf_monitor_1.dat Analyzer @ Hotspot &2 \\\ ¥z ‘ 4 P T ~ O| #® Hotspot Detail & . =
=l pf_monitor_2.dat . . . n
i Page 1 /5 (sorted by Clock Ticks) Clock Ticks
pf_monitor_3.dat 10
d [ Clock Ticks Breakdown by Procedures
|=I pf_monitor_4.dat 0.9 :
o ) 08 |— Energy Consumption
g pf_monitor_5.dat o | ]1-Cache Miss
|=| pf_monitor_6.dat i [ D-Cache Miss
=l size.map 05 [l D-Cache Buffer Full | TR ETIRETTAT
b S fmft-orig 04 [l D-Cache Write Back
03 [ I-TLE Miss
0.2 [ D-TLE Miss
0.1
o n | Lo Mo iln.g
free_.. phifun window fourl dmul
Functions
[«] o [IEY
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Info

Builders
C/C++ Documentatic
C/C++ File Types
C/C++ Indexer

Project References

[4] S | [#]

C/C++ Build

Active configuration

Properties for, fmft
ow wpe
Project Type: |Executab|e with Loop Opimization (ARM) | st |
(9] e

Configuration: | ESOAS

Caonfiguration Settings

Tool Settings | Build Settings | Build Steps | Error Parsers |Binary Parser| Environment | Macros |

= B ESOAS
= (2 Loop Optimizer
(= Enable

#Misc. Flags
~ (2 Analyzer
(% Enable
# Analysis
= (C Compiler
(2 Enable

(= Preprocessor
# Symbols

(# Directories
(# Optimization
(# Debugging

£ Optimization

(£ Compiler name

-

o

-

+ e

[T#]

[[] No Optimization
Loop Distribution
Loop Interchanging
Loop Unrolling

Create, ge, and run i @
Configurations: Name: |fmft
[E]C/C++ Local Application
[EIC/C++ Remote Main | 69-A |ﬁEnvimnmem| [=I Target Agent
Bl Java Applet
= Applicati
Java Application Project:
Ju JUnit
= [E]Profiling for Energy and Performance ‘fmﬁ: | | Hewee
o imit C/C++ Application:
[ESOAS/imit [Search Project...|| Browse...
Connect process input & output to a terminal.
<] S [ 2]
New | ‘ Delete | ‘ Apply | ‘ Revert |
| Run ‘ | Close
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E4 A1

: Hotspot e M@esmE~=0

Function Source | Code Sizel Energy Consumption(mJ) | Executien Time(ms) | I-Cache Miss Rate (%) D-Cache Miss Rate (%}l CPI |:

amph fmft.dius.c:1199 184 N/A 0.0479 2.0755 3.7864 9.0302

[/ bracket fmft.dius.c:956 b24 26.5539 2.5315 0.0373 3.2353 1.7084 2

[l dindex fmift.dius.c;1372 880 N/A 0.0302 1.1826 1.9231 4.4686

[l dmatrix nrutil.dius.c:136 192 N/A 0.8849 0.9751 18.5611 §.2783 —

dmul dmul.dius.c:36 828 MN/A 291.209 0.0066 41.4327 6.2972

[l dsort fmft.dius.c:1212 400 N/A 0.0115 2.1818 1.5748 8.3891

[l dvector nrutil.dius.c:124 60 N/A 8.3370 0.7064 4.1865 ?.4218§

[l fmft fmft.dius.c:58 10068 52.6951 1.3469 1.0865 46.4155 26.3677

[Slfourl fmft.dius.c:795 1124 300.3645 333.1068 0.0151 0.7114 1.4147

[&lfrea_dmatr nrutil.dius.c:198 44 N/A 0.0137 0.6569 0.9202 3.9860 [+]

= O i
Analyzer ‘@ Hotspot = € b =
- . e |
Page 1 /5 (sorted by Clock Ticks) t Detal =
1.0+ ) -
. I Clock Ticks Clock Ticks
: |_ Energy Consumption Breakdown by Procedures
0.8 el ;
£ | I-Cache Miss
06 [ D-Cache Miss
05 [ C-Cache Buffer Full
0.4 [l 0-Cache Write Back free_d\f:;wr%
0.3 I I-TLE Miss -
0.2 |_ D-TLE Miss
0.1
00 . A B [ | -l 5] ] [ |
free_dvector phifun window fourl dmul
Functions
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ﬂ Esto

- MM LIES{3 Al=2]|0]E
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Al=E0|M & (H/w)

< Nano24(=E}&), MICAz(Crossbow MPR2400)
m MCU : Atmel ATMegal28L
m RF Transceiver : Chipcon CC2420
@ Frequency : 2.4 GHz ISM band
® Data Rate : 250 kbps
® IEEE 802.15.4/Zigbee X| &
® RF Power : Rx - 19.7mA / Tx - 17.4mA
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AIBY0|M &H (Nano 0S) @D

* Nano Qplus

St M ALS A2 2(ETRNAI A 7H &

Lt HC = 2 AH A

MAM 3 actuatore| SFoll w2l 0S H'E 2 =& 2t510{ M+ 7= et scalable
OS(TinyOS £t gkatEl S/W architecture X[ &)

Ctfst A7 &8 2 FM S41(433, 868/916MHz, 2.4GHz, ...) X| &

&Y 3 00|22 H|C[= OS2t = et API subset X| & (POSIX EZ& 7|4

% TinyOS

U.C.Berkeley CH =t =4I 2] NEST(Network Embedded Software Technology) = 2
HMEo|M 7|t A HEHNT =2 0S

Zt2 37[2| OS (4KB o|2te| A=l o|o|X])

NesC 10{ofl 2|5t0{ ME == H2HE 7|He] Z20:Y 282 74

2= SR AHE2 BEHE e = F4ks)

& 2te| 412 AM(Active Message)dll 2|5+04 TiZ! F= &5}
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AlE8[0]E] 1=

MISS Engine Agent MISS GUI Agent
(MEA) TCP/IP (MGA)
_ User Interface
Virtual Network
Shell
o Virtual Sensor Node #1
o
‘—2'3 VITTOar SENSoT NOUE #Z Report
<
o
& _
Energy Collector Energy View
Simulator Engine Simulator Ul
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THa MM = RE @

Virtual Sensor Node

Executable Image

ATmegal28L _ CC2420 /\/
: Virtual Flash(128K)
_ _ Control
Virtual Core Virtual SRAM(4K) Logic

Virtual EEPROM(4K)
Al| | A2 RAM

(368byte)
HEEE@ @ @

Energy Estimator

* S1, S2, S3, S4 : Virtual Sensor
e Al, A2 : Actuator
eL1, L2 L3 :LED
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7171 B301-2& Al=2jo|M

Virtual Memory

0x0000

TinyQOS/
Executable |
Image — Nano Qplus

PCe=> [ IIIIIIIIIII
& Application

Instruction |Simulation

\ 4

Fetch

\ 4

Decode

v

Execute

\ 4

PC+=1

sJ91s169Y

Interrupt
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Port

Serial Port (COMI =

Baud Rate (3600

lata Bit (BT =
St BIt  [TBIT ¥
Barity e~ ~

PowerLine M (Ipen ‘ [lnse ‘

HME=Hd =
Flesat Basge S
0.01% 2+ 5mmw=g 0062 2HEEE A Mag

~EEEFEEE
?Iwﬁnﬁn-t

Bt W | mezm per | musx | = |
K3 T2 o2 Ho5lo] flshe A
& =[of 1‘:‘.‘%% 2+24:15.6 us)
o Med Apsk 5 ool gjat
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MA YIESIT AR of Cpusd

WA WSS 712 ST 38 Yumy yae
B Bl ]

i 22H k4 a-rEI LE6
1 5

i i ' o =

| o™

M lﬂ By 17}
E.'l:z'l ! HEE2 .—!—mﬂ vej : : ERPi

- M
o
=l

'-3

T rm -“-wm .
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|

=

& MISS - press [MISS] - Eclipse SDK

File Edit Mavigate Search MISS Project Bun  Window Help
il Q- P e B o 5l | o6 o | EMss »
v Mavig... 22 = O[] press [MISS] 32 [T detect [MISS] = 0|5z Ouline &2 =5
£ BT +- i Router?
2= +. [ Sink
== detect + 8 Fouters
5 .miss +-§& Routerl
.project +- {8 Routers
|2 energy,data +- ¥ Sensor
552 press ah +- 8% Routerd
5 .miss ERE +- % Routerd
.project
= energy.data
= Outli
——— Outline
ME H
Houten Houter Houter -
BS"BO[ -
Progress | Reports | Engine monitor viewdinternal) =0
Mode 1D | Function | Tirme Energy MCU | Comnm, | LEDData | SensorData | ActuatorD,,. |
+iHouter] < Totals 1.00595 LRI 32008 B2REE 13, 320281 ooy 10, T
+ Houter? <Total> 0, 72822 37,62862 2314353 1,16479 1332029 0,00000 0.00000
+ Routerd <Total> 1,29096 56, 46965 41,03005 211934 13,32029  0,00000 0,00000
+ Routerd <Total> 1.06370 48.81361 3380719 1.68613 13.32029  0.00000 0.00000 L =i
+ Routerh <Total> 0,78259 39, 42464 24,87046  1,23389 13,32029  0,00000 0,00000 -rr
+ Routerf <Total> 1.34379 58,19108 4270678 2, 16401 13,32029  0,00000 0,00000
+ Sensor <Total> 169602 78,13509 5388670 27101 21,53628 7424232 0,00000
+ 5ink <Total> 1,45294 G1,80766 46,17289  2,31447 13,32029 000000 0,00000
MISS Running  [simulation time : 8 sec, 100 milli-sec,]
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& MISS - press [MISS] - Eclipse S5DK

File

£ -

=

==

Edit

5 Mavig,,, 2

Mavigate

% -
=8
A==

detect

= .miss

.project

|2 energy,data
press

Search MISS  Project

Bun  Window Help
AR CRER %K | % gk of

[T detect [MIS3]

(= = T
Hh o5 oif

LN (T N1

2% 2 am =

T mEMISS »
0= Cutline 52

E]

=

miss
project
energy, data

Eink

+ % Router?
+ ¥ Sink

+- 8% Fouterb
+ {88 Fouterl
+- 8% Fouterh
+-8E Sensor
+- 8% Fouterd
+- % Fouterd

Aouters

MISS Running

Aoutarg

Aouterd

Progress | Reports | Engine monitor viewdinternal) | 4@ Energy 532 =0
Mode ID | Function | Tirme | Energy | MCU | Comm, | LEDData | SensorData | ActuatarD,., |

+ Routerl <Total> 9,99367 547,73975 31754, 140,31809 89,87190 0,00000 0, 00000

+ Router? <Total> 971320 620, 20043 308,64, 22549286 86, 06271 0,00000 0, 00000

+ Routerd <Total> 550152 309,19372 174,81, 3559619 9878103 0,00000 0, 00000

+ Routerd <Total> 10,05749 472,05938 319,57, 6702825 95, 45860 0,00000 0, 00000

+ Routerd <Total>» 9, 76950 545, 03555 310,43, 154,60531 79,99514 0, 00000 0, 00000

+ Routerb <Total> 10,35163 616,89634 328,93, 20939162 78,57352 0,00000 0, 00000

+ Sensor <Total> 10,6780 486,11833 339,94, 1840744 12776856 467 42459 0, 00000

+ Sink <Total> 10,40356 44911286 330,63, 59.29719 59,17538 0,00000 0, 00000

[sirmulation time : 25 sec, 900 milli-sec,]
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Ofx|

CC (Moblle Convergence Computing)E ¢/t Esto 7| & 7i &
@ DVS (Dynamic Voltage Scaling) X &l =& st 2 2M £E3 7|&
® QoS =M BT 7=
® Multi-Core C|HZA 7|=
e A4 HIolE =7 7|&
e EZI CPU S&IM QI I 2A AUl 7| &
m C|HfO[A =2lo|u] 7HE = &HE
m 8051 & Nano Esto 7 &t
m Qplus/Esto &&=t ¥ E= =kl

<

st

-

“ Available in
m Esto, Qplus, Nano Qplus evaluation £ %
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http://qplus.or.kr/
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Esto A|9d Cius)

S AA oA  GTK 7|EIGUI S =213
Uur=4d 3 &4 3= MM (Gul 21)
TME AA FEof ek A=A Zukel (IDE)
2O MX| ! H= g M 22] g =Hel 3
 FHMet 2 HMs 24 (28224 EF)

T8 (H4 tHA)

M wnNp
- |H S

Ethernet 0|2
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Nano Esto A|®d @

% Alod Ol A : MM 2| LEDE M 0fSk= Blink o Al

1. Blink oi{AM[7} 2= st= HE A8 F L E (B2 H'H)

2. Blink Z2HME 2 E 3l A[Z2{0|E 2} ¢1=35t0 =3l (IDE, Al =20 &)
3. MAM HE/I Al=8o|M (AMl=elolH)

ISP
—] ofE

EfSL UM
TAE (HEQ)
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