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EMAERR O BET R
e EdisonTechCenter : http://www.youtube.com/user/EdisonTechCenter
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e http://www.ntsec.gov.tw/User/index.aspx


http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/magnet_lenz-law_spacewalk/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/electromagnetic-wave-of-mobile-phone/
http://demo.phy.tw/experiments/electromagnetics/capacitor/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/flying-aluminum-foil/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/pendulum-stop/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/falling-magnet/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/lenzs-law/
http://demo.phy.tw/experiments/electromagnetics/#%21experiments/electromagnetics/electrostatics/
http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/%E6%90%96%E6%90%96%E7%94%9F%E9%9B%BB/
http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/%E7%B0%A1%E6%98%93%E9%A2%A8%E5%8A%9B%E7%99%BC%E9%9B%BB/
http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/%E5%A5%87%E5%A6%99%E7%9A%84%E9%8B%81%E7%BD%90/
http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/static-charged-ball/
http://demo.phy.tw/experiments/electromagnetics/page/2/#%21experiments/electromagnetics/curie-temperature/
http://www.ted.com/talks/lang/zh-tw/eric_giler_demos_wireless_electricity.html
http://www.vk2zay.net/article/253
http://people.seas.harvard.edu/%7Ejones/cscie129/nu_lectures/lecture6/hertz/Hertz_exp.html
http://www.youtube.com/user/EdisonTechCenter
http://www.ntsec.gov.tw/User/index.aspx
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STEmadat © https://www.facebook.com/groups/programmerMagazine/permalink/707649472585105/

A AFIES CsBF MR - WIRFTFEE—(E HashTable - AR Ir& E/EHEIE ?

1. F OpenSource .... HF—{EIE ?

2. HCE—ME .....
3. Hfth ...
/\\/TEJ: .
1. CESIERRAFEET  CHMA " ERHIVERGRE , » NERTER T IEEER=E, -
2. WA C++ » HIA std:map T -
3. #15-H GNU glbc 5 POSIX & » Aifa] LA hsearch prg -
4. M5H GTK ByAE#fE == gib > RIE7EEY " FHIVERGERE , -
5. #Ep% EAR% C VBRI E » 5525 TV gL -

o Stackoverflow: Are there any open source C libraries with common data structures?

HeE 2 GTK /Y Glib % FE ?

STEmadat © https://www.facebook.com/groups/programmerMagazine/permalink/707669262583126/

=5t Glib 7 FIE ? ££ windows FEIE ?

http://fred-zone.blogspot.tw/2008/03/glib-programing-io-giochannel. html

N

/b\%‘::

1. &87R GTK LIt aravRE - Hi2 Glb [EZ 2R » EEHREAEE |
2. GTK & Glib ¥yA% » T 2% R ERIAEE
o http://openhome.cc/Gossip/GTKGossip/index.html

8 3 malloc 1Y {E F & 52 230 RENS ©

STEmadat © https://www.facebook.com/groups/programmerMagazine/permalink/707655949251124/

H—EMEEE - (R C sES G E R HREES > 20F K maloc 7HclE ?
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1. REEFAFRE
2. EK%B@EFH@J% maloc 7fc - BIEE T R R G A strdup
3. maloc FFFFTRE— ORI - NRIEIRISEA - (PIATH—ABELIERRE TR )



https://www.facebook.com/groups/programmerMagazine/permalink/707649472585105/
http://stackoverflow.com/questions/668501/are-there-any-open-source-c-libraries-with-common-data-structures
https://www.facebook.com/groups/programmerMagazine/permalink/707669262583126/
http://fred-zone.blogspot.tw/2008/03/glib-programing-io-giochannel.html
http://openhome.cc/Gossip/GTKGossip/index.html
https://www.facebook.com/groups/programmerMagazine/permalink/707655949251124/
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3. WERA 2. FX maloc /NENHEE L, > BERE D@, AT 0 FTRAE NG o

4. EIRPEATRE F R 2 S R HYAY Hit Rate (cache hit/cache miss) -

5. T4 EREYIATEFRUET - S22 EEEE B > R VHEDEEFRUEF - > FILL AR -

WETiE—AE > BE4E T FAEBTEN 2% | o SR FEFEFRIER S ocalty F224R7% - i
locality ¥f " cache hit rate 225RE7% | FiAlE G LU TR

for (i=0; i<n; i++)
for (j=0; j<m; j++)

sum += alil[j];

R EAEHE

for (j=0; j<m; j++)
for (i=0: i<n: i++)

sum += alil[j];
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Rotating magnetic disk
Read/write head

Voice coil positioner
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Back Emf HyJFRHIEESZ TFIE A ¢
e Back Emf #hE[H#E (7% | ) © Commutators: Basics on AC and DC Generation
o http://www. youtube com/watch?v=ATFgX2CB-w
e Back Emf [F#HzREH : (Back Emf of a DC Motor)
o http://www.youtube.com/watch?v=qwtiX3pFCIE
e Back Emf & H|EEs : ("Back EMF" Theory and Practice Paul Wesley Lewis)
o http://www.youtube.com/watch?v=VwDot8TMIgA
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http://www.youtube.com/watch?v%3DATFqX2Cl3-w
http://www.youtube.com/watch?v%3DqwtiX3pFCIE
http://www.youtube.com/watch?v%3DVwDot8TMIqA
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AL ~ sEE e RO e T —HERST TIE |
At~ ARIEFAER R S - FERZ L AT R — VR A TR AT L T RE s

AT JEME4 AR —ARRRAYPIEEARA - T L2420 - AVRLLH] RICE Universiy FipLizAy OpenStax
College 481t » Hf3tiy—7 Colege Physics MIFREMET-H » AT IR FILEES LIRS ETHT -

WREE LHMVETE - FAlE AR EEEAE D - HEG RS OpenStax {EdwiE_EERAOHY -

SEMTR KB i RIVSEE) )] - A T a8 LB SRR - FFImt o] DE T HARR RS te T e (R VIR R B © T e
By, B TR TTETER T

SRR

¢ College Physics, OpenStax College.
o WHEEF  FHEmEH

[ZIKKEEIB%EBZHRM AWAEEE 47} B OpenStax Colege #y College Physics —& - £RFHRIIESLAIAY 2EHE
 MHEDTA = 5]


http://openstaxcollege.org/textbooks/college-physics
http://openstaxcollege.org/textbooks/college-physics
http://zh.wikipedia.org/wiki/%E5%BA%93%E4%BB%91%E5%AE%9A%E5%BE%8B
http://zh.wikipedia.org/
http://openstaxcollege.org/textbooks/college-physics
http://creativecommons.org/licenses/by-sa/3.0/tw/
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B HAY

SE(EH SHT15 s fent - Rl B S i (Him i % Serial Port | o "NE[ Ry SHT15 fH&HAVSME:

e

o ZHUM x 1

e Arduino E#f x 1

e SHT15 Breakout Board (474##) x 1

o BLEXN

o Py

e ¥ SHT15 11y VCC #2371 Arduino iy +5V » GND $#%1] Arduino i) GND
e ¥ SHT15 1y Data jil#2%1 pinl1, SCK #2%1] pin10
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Vi 5V Vin
Power
— LR 017 f— SHT15
. ; .
Arduino DIl
DI -
[ |—
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5‘ D7 —_— E
Eope e
3
— A "_:f (15—
— A ¥ —
—_ 2 E 0 fp—
— = 2 pr—
B — A h]| 1'—.-
o
GMND
SHT1x pf=(E

BES SHT Ix JEVERT - R A HZ P & REIEAY (R SHT 1x and SHT7x Sample Code) - SHT 1x Library 483 [%
SERHELT o BUAET TS SHT Ix Library » st AT LARECREHIEIN SHT 1x %51(SHT 10, SHT11, SHT15) s seesty
A -

SHT 1x Library Hy2Z 2 AIRAEER » Je B A ERERAIL M ekl UE % - EREZEAZBR4E i E] Arduino HY Libraries
ERE T RIA:



B Carduino-00Z 1\ibraries

=1
#t

BRE &EE WEEO FEEELW IRD HAD
O - © ¥ Pu= ‘ R ‘ - X (i mhimAs e
| 84D | £ Cotarduino-0021 Uibraries v EBE
i X = = = =
B ) arduino-0021 F - (ol - -
) duivers ~ EEFROM Ethemet Firmats  LiguidCrystal
B cxemples Extract to the "libraries” directory
) havdware under your Arduino installation
# ) java
3 lib __ "J d "J _
2 ) libraries ‘_\)4(' Servo SoftwareSerial
[ EEPROM
() LiguidCrysts] SPI Sprits Stepper Wire
IC5) Matrix
=) Berva
3 $HTlx
[ BoftwareSerial
3 8Pl
i Snrite b
¢ | B
BT 1 B o HATEN
T2 HE
J&& N2 SHT15 SRS ETAYEERGERR] > #2303 Arduino (=] SHT 15 GEHUER} » Mk FIHY R &S s Eilm HH F] Serial

Port » &b f—2¢(ReadSHT 1x.pde) :

*

* JHZ44E SHT 1x Library:

*/

#include <SHT 1x.h>

/] EF% SHT 1x BRIz
#define dataPin 11
#define clockPin 10

/] ¥14E1E shtix Pt
SHT1x shtlx(dataPin,

void setup ()

{
Serial. begin(9600) ;

/* Lab10 - SHT1x %%I(SHT10, SHT11, SHT 15)’5 4%

ST HIREEE D

*  https://github.com/practicalarduino/SHT 1x/

clockPin) ;




void loop ()
{

/] E&=1{H
float temp c,

Z= /L{J—[

/A‘/;(‘

temp f, humidity;

// 'i "HZ SHT]-X /IIIL/ | ﬁ{ﬁ

humidity = shtlx. readHumidity() ;

/] 8
Serial.

FHR%EE S [ & Serial Port
print ("Temperature: ") ;
print (temp ¢, 1);
print("C/");

print (temp f, 1);

Serial.
Serial.
Serial.
Serial. print ("F. Humidity: ") ;
Serial. print (humidity) ;
Serial.println("%") ;

delay (1000) ;

temp ¢ = shtlx. readTemperatureC() ;

temp f = shtlx. readTemperatureF () ;

[l BEREVIN

/] BREV NGRS R —

865202, 5 BIRF R (RIS, ISR LUR TS

Bohite—fiL

fir

LR INEYS -7

E#EF] Arduino 1% - $TF# Serial Monitor >

LS EE] Arduino ZEIEARH R E R - 41 N
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=.F.
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..
=.2F.
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..
B
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=.1F.
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..

Temperature:
Temperature:
Teperature:
Teperature:
Termperature:
Temperature:
Taperature:
Tamperature:
Termperature:
Temperature:
Temperature:
Teperature:
Teperature:
Temperature:
Temperature:

65.12%
o
. 63%
. SR
. 568
£ 0%
LER b
5. 44%
63,219
. %4
6. 97
3. 14%
R
63,419
63, 1098

Humadity:
Humidity:
Humidity:
Humidity:
Humidity:
Humidity:
Humidity:
Humidity:
Humidity:
Humadity:
Humidity:
Humidity:
Humidity:
Humadity:
Humidity:
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seiet o 0 SHT 15 SEFH R EE E R HE] 2x16 () LCD - - 2x16 LCD ({34 £% T Lab9 £
2x16 LCD &1k "Helo World” 315, Arduino 3F7E o] DUESEE S k% ] Serial Port » (4% PC IiE—37 TR
/%% Data Log | #25{ » it Arduino s 2{IYy I8 Bkt /5 A0 - BHERHCHG (TR 884% » B2 Excel, Access,
SQLite = MySQL 4 HTLL «

s8R GERY T E (40 Excel, JavaScript/flot, Tcl) » 4% —5RE HIOREEHIGRE -

JIE PR Bel 3

e Sensirion SHT 1x Datasheet

e SHT1x and SHT7x Sample Code
e Sparkfun - SHT 15 Breakout board
e SHT1x Library for Arduino

[ AERE BEEY - [F3cdgutk A ¢ http://coopermaa2nd.blogspot.tw/2010/12/arduino-sht15.html - g5 5§
ERERIR AN AT

JavaScript (10) — Google 11y:E & #aik API 2 (5 (T © FREHK)
fEREE TRESAHEESE ) & BRIINETHEES AR ERE > SR E S T Sy s » SCEAEHEAN
T

¢ JavaScript (9) — Google HYEEE &Rk API 27 (#
A > FAHE 4B B E ] DUETRE S R4 H > FEIREZEFI A Google HIARTS < (HAREIYE > HAT 6
H7 Chrome 28 25 2 $Z 2 (EIIRE -
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2012 4 » W3C F#i T [W3C:Web Speech API Specification] 27 0 » 21T 25 0] DL Bt EE & Wk IIRE » 1f0
Google 1y Chrome 7£25 25 beta fREH - FiFHGEE S HERIIRE T - BETIREN A2 —(EE
webkitSpeechRecognition FY414: » R AU FRT ©

var recognition = new webkitSpeechRecognition () ;

recognition. continuous = true; // 45N

recognition. interimResults = true; // & i 4 g

recognition. onstart = function() { ... } // BEdGHERIS 2 5 B0FOLEE g

recognition. onend = function() { ... } // ¥eikse s ar B B8R0 13 (E ki
recognition. onresult = function(event) { ... } // W7 (a4 S S0 i (o g

EBEEYIE - MR S AR HsEF akey HTML+JavaScript #2501 -


http://coopermaa2nd.blogspot.com/2010/12/arduino-lab9-2x16-lcd-world.html
http://www.sensirion.com/en/pdf/product_information/Datasheet-humidity-sensor-SHT1x.pdf
http://www.sensirion.com/en/pdf/product_information/Sample_Code_humidity_sensor_SHTxx.pdf
http://www.sparkfun.com/products/8257
https://github.com/practicalarduino/SHT1x
http://coopermaa2nd.blogspot.tw/2010/12/arduino-sht15.html
https://dl.dropboxusercontent.com/u/101584453/pmag/201309/htm/article2.html

P2 =

DU EEHIRE Google FEHHY Web Speech API Demonstration Z& & & FIFT{E ok —(E G LEF] » HEhiTE
EAT

- - W — =
/[ hitps//dl.dropboxuserc: x |
€ | % https://dl.dropboxusercontent 15y @) [B) ¥ B =
[l S20E£EE - 5. | Starfall's Leamto R.. »  [] 2=

2SR | hello this is Google Voice Recognition program
HRIEEEE ¢ hello this is Google Voice Recognition program

gemena s [mem) [+ (B

» AR AT SR RS IR

- - -_—— - 1

;". [ https://dl.dropboxuserc: x \L_ B e | D
< c https://dl.dropboxuserconteni 215y &) [B) 9 B =

E S22UEERE  H... Starfall's Learn to R... » [ =S

EEEEE | WTiER google AYEES HESIE S
HHREES | HHER google ATESHRRES

HEEEE L o) v | EesE

» AR A oY SR RS IR

LINEEE A M EERERASR rE# - A DULE T 2 AR S [EE ] - "TRE & EhaEA] -
e http://www.youtube.com/watch?v=EAY SJ6JbkFU

WEBATE > ETESBHLITHAEE " BN T > BN R E TR - R
R EE R i E] Web Server F=¢ Dropbox s I - ZA& 5 H] Google Chrome 25 Fi 2 1% (Y8188 25 BRI T
B A IEREE T -

f&2z : speechToText.html

484t - https://dl.dropboxusercontent.com/u/101584453/pmag/201310/code/SpeechToText.html

<htmi>
<head><meta charset="utf-8" /></head>


https://www.google.com/intl/en/chrome/demos/speech.html
http://www.youtube.com/watch?v%3DEAYSJ6JbkFU
https://dl.dropboxusercontent.com/u/101584453/pmag/201310/code/SpeechToText.html

<body>

<script type="text/javascript">

var infoBox; // il label

var textBox; [/ m&&HY¥HEEEHE text input

var tempBox; // thfEIAYHEEREHE text input

var startStopButton; // F?ﬁﬁ/ﬁiJ Fash

var final transcript = "; [/ &Y HERRE RS
var recognizing = false; // & &HHkT

function startButton(event) {

infoBox = document.getElementById("infoBox"); // Bl 151 B #:%7H infoBox
textBox = document.getElementById("textBox"); // Bl15 i X By P ek =1 S P2 ] TH textBox
tempBox = document.getElementById("tempBox"); // Ei15 o [E] A9 9 5% 21 UE #2241 72 tempBox
startStopButton = document.getElementById("startStopButton"); // Eu75 " ¥iak /(2 11 | = (%S
langCombo = document.getElementById("langCombo"); // Eu75 " ¥iak:E= | = (BB FEPE I IE

if (recognizing) { // WRIE{EHEE - AL

recognition. stop () ;
} else { // TWHIGLEAYES

textBox. vaue = "; // FERELATHEREHE

tempBox. value = "; [/ JEERF IRV

final transcript = "; [/ FR&CAVHEEREH S 88
recognition. lang = langCombo. value; // % Edndt=

recognition. start ) ; // BH#AHER

if (! ('webkitSpeechRecognition' in window)) { // #0154 A% window.webkitSpeechRecognition 7= (i & 4
/] B A SRR W SRR B e -
infoBox. innerText = "ARE a5~ LEErE S Has - 55 THUBIE RS | (Chrome 25 DA EA S IRRE S WHR)"
} else {
var recognition = new webkitSpeechRecognition () ; // 7 :5 5 ) webkitSpeechRecognition
recognition. continuous = true; // i sk
recognition. interimResults = true; // 2 rhoeat gt -

recognition. onstart = function() { // 4405
recognizing = true; // i%iE ik
startStopButton. value = "FZIHEIE"; [/ PR OO TEIMELE ) -
infoBox. innerText = "¥eakdr..."; [/ EriE R kT ...

recognition. onend = function() { // ¥r%5e6k
recognizing = false; // 5&E R " IEWERT |
startStopButton. value = "BREHRR"; /) PERTERL. . SR [ BRAGHER




infoBox. innerText = ""; // fEE 201

recognition. onresult = function(event) { // #eaffg(F{oas5Lns
var interim transcript = "; // SfE455E
for (var i = event resutIndex; i < event.results. length; ++i) { // &hiAds—(E Bkt o
if (event.resukts[i].sFinal) { // 4152 i aesh it
final_transcript += event. results[i][0]. transcript; // jFFEC AR 4% 45 5
} else { // &HI
interim transcript += event. results[i] [0]. transcript; // FiHhn A b fi4s 5

}

if (final_transcript. trim (). length > 0) // 415 A R&HER LT
textBox. value = final transcript; // BE &8tk CF

if (interim_transcript. trim (). length > 0) // 41524 sy v+

tempBox. value = interim transcript; // ZEnHREHEE L

}
</script>
<BR/>
iE4EH: <input id="textBox" type="text" sze="60" value=""/><BR/>
4G H . <input id="tempBox" type="text" size="60" value=""/><BR/>
HEaE S -
<select id="langCombo">
<option value="en-US">%: ¢ (£[#) </option>
<option value="cmn-Hant-TW"> /3 (&) </option>
</select>
<input id="startStopButton" type="button" value="#%:%" onclick="startButton(event)"/><BR/>
<label id="infoBox"></label>
</body>
</htmi>

715 webkitSpeechRecognition E{E¥)(1 » T A LA EREAVEZHS - SEplGEZ HERAVIIEE - & 28 A] LIRE S
(EThREE—D B AR EITEEA » MATEERAF & TS -

ARG A — DU webkitSpeechRecognition ZE({##1f: » s LA LUT Google FEHIHYEZE - S (EH XA/ H
Wl SRR A S 0 BEEABRS o EEASEE DE AN EE & - FAREEEEES -

e Web Speech API Demonstration
o GoogleChrome/webplatform-samples : |-t &i {5y [ 4EHE

JFA ~ R Web FEA N HEE T HE0E —RIRINERAYESS - (B4E Web BABEE AR - (ISP EL I R Ry
ERFEEGRAEE T - SGETEBAA > FrafvEE AT LU Web B 5 =08UE THA—E -


https://www.google.com/intl/en/chrome/demos/speech.html
https://github.com/GoogleChrome/webplatform-samples/blob/master/webspeechdemo/webspeechdemo.html

ERPEN

e \oice Driven Web Apps: Introduction to the Web Speech API, By Glen Shires at 14 January, 2013
Web Speech API Demonstration
o GoogleChrome/webplatform-samples : |-t &a{5i1 R 44T
W3C:Web Speech API Specification, 19 October 2012
The WebSpeech API Enables Voice Recognition and Speech Synthesis in the Browser

Textarea value Property, W3Schools.

R &eatiiae(7) — £y o B A 5ot (TE= - BREE )
s

BEZR " ERST5HT 5 (Principle Component Analysis) i HIRAERGTEHHVERAE o - HEE LRI
AR BRI, > Al SRR -

BB PR P i — (BRSBTS B LA R TIORbE T, B R,
HEERERAT ¢

— —3
[A]lX=AX
FrEEERR y SRR EIE - f AlfE R & -

R EAFE > AEdR R E f e [A] SOEER ER—(E D7 AR ER - SReSE 218 A TEL R B DT
SRS > BT A

A~ —(8 n*n JERERY TRAEME ) B TREIRE ) R IEA —(E > SR FTDAEIEE n {E - B A K (EREGE - B
HATRT LB R FE R -

— —
[A]Xlzhﬂ
[A] X g=29X,

l

!

—>

(Al X =2 X

RAE -~ FEE A BORHY > (R RUR ERaE A AR (B (S i AR AR IERE) > BT AR k(]
SRR E RIS AORBE(EERE - RARFEBUE N RRR - A B e R eI B S R R R E

S R AR - B A OB S M (R Rank i (E%4 - (BA0—(E 3*3 4EMEAY rank 145 2 -
AR (R =178 b - A —(TRILU HAT AT AT 3R Ay — o AT+ b A, -

FEEREN T I A G AW EA HZAVREUE (AU F — R EUE R 0) - IRIEF( o] LU W SH R (E LRy
BurE > pRE R (A

MATEERERST > SUE AN SR AR ET) - FHEERCRAARL & - AR B/ Y ZEA Rt
AILAR RS T


http://updates.html5rocks.com/2013/01/Voice-Driven-Web-Apps-Introduction-to-the-Web-Speech-API
https://www.google.com/intl/en/chrome/demos/speech.html
https://github.com/GoogleChrome/webplatform-samples/blob/master/webspeechdemo/webspeechdemo.html
https://dvcs.w3.org/hg/speech-api/raw-file/tip/speechapi.html
http://badassjs.com/post/40534144131/the-webspeech-api-enables-voice-recognition-and-speech
http://www.w3schools.com/jsref/prop_textarea_value.asp

F s ot 1 (Rank=2)

Fo 1R BB SR - BT RSB fEL 4 A &HA 25 (HcE > Hoss 3, 4 256 1, 2 AR
PEsH & - NLIE(E 4%25 FEFEERY rank i 25 2> BTPUEB R0 - BFIEZ & B 2 AW E LRy

DU 2 ey fiaE = -

> x1=rnorm(25, mean=5, sd=1) # x1 SE8EIHbEEE Ry 25 {EEAR
> x2=rnorm(25, mean=5, sd=1) # x2 S AHEIELERY 25 ([EEA
> x3=x1+x2 # x3=x1+x2, & x1, x2 Hy4pteH&
> x4=x1+2%x3 # X4=x14+2*x3=x1+2*(x1+x2)=3x1+2x2, Kttt = x1, X2 B4 &
> x14 = data.frame(x1, x2, x3, x4) # FiEDU4HEEAZETT—(# frame #88 x14
> pr = princomp(x14, cor=TRUE) # [Fita#ErT Lo o
> summary (pr, loading=TRUE) # 57 15 57 p i 45 5
Importance of components:

Comp.1 Comp.2 Comp.3 Comp.4
Standard deviation 1.7281767 1.0066803 4.712161e-08 8.339758e-09
Proportion of Variance 0.7466487 0.2533513 5.551115e-16 1.738789e-17
Cumulative Proportion 0.7466487 1.0000000 1.000000e+00 1.000000e+00

Loadings:

Comp.1l Comp.2 Comp.3 Comp.4
x1 -0.449 0.626 0.637

x2 -0.367 -0.768 0.495 0.176

x3 -0.576 -0.311 -0.750
x4 -0.576 -0.502 0.638
>

£ EH AR WPTEEIREERLR (Cumulative Proportion) #£55— £ k5> Comp.1 £ 5 0.7466487 > i
FEFHE LRy Comp.2 Wi 1.0 7 > BRI EAM[E LR e] U B R AR -

i Loadings Hffy Comp.1 ﬁﬁéﬁlj_&n » B—F R4y Comp.1 = -0.449 x1 - 0.367 x2 - 0.576 x3 - 0.576 x4 >
Rt A S (£ Rl 0 5t i AR B A By 7 1 (0.7466487) » iiifil L& — F pkfiy Comp.2 = 0.626 x1 -
0.768 x2 2 1% » FRA[LAEHE 100% E’\J%ﬁﬂ SEe B AR T o (R RiEsHERHY rank fy 2) -

ERl oy srtr#Eis] 2 (Rank=3)

Fo 1 Bgse Bey T aREE UL o RIS X3 s iBEILE RS > VAR X4=3X1+2X2+X3 > AT
FUREFTR -

> x1=rnorm(25, mean=>5, sd=1) # x1 EEEESAEE 40 25 (EEA
> x2=rnorm(25, mean=5, sd=1) # x2 2 AHEIE LR 25 ([EEA
> x3=rnorm(25, mean=>5, sd=1) # x3 EEEOMEKEENT 25 [EEAR
> x4=3*x1+2*%x2+x3 # x4=3*x1+2*x2+x3, & x1, x2, x3 HI4pteH &
> x14 = data.frame(x1, x2, x3, x4) # FiEVU4HEEAETT—(F frame & x14




> pr = princomp(x14, cor=TRUE) # B#&a#E7T LRk
> summary (pr, loading=TRUE)) # &1 Ll 4r o b4t 5
Importance of components:

Comp.1 Comp.2  Comp.3 Comp.4
Standard deviation 1.4659862 1.1233489 0.767445 4.712161e-08
Proportion of Variance 0.5372789 0.3154782 0.147243 5.551115e-16
Cumulative Proportion 0.5372789 0.8527570 1.000000 1.000000e+00

Loadings:

Comp.1l Comp.2 Comp.3 Comp.4
x1 0.634 0.104 0.458 0.615
x2 0.310 -0.669 -0.625 0.259
x3 0.194 0.736 -0.632 0.146
x4 0.682 -0.731

T DIERITE MY B2 ERIEE® (Cumulative Proportion) &t > ZE5E = (E 5o 22 1.0 > mIEsE —(E+

oy ©

Cumulative Proportion 0.5372789 0.8527570 1.000000 1.000000e+00

i ELfr 42 (Standard deviation) Eil £ FL[-:3% (Proportion of Variance) |77 B 73BN » D /EEEE|
Comp.4 fREE » S WI{EEUEA @228 R348 5 0 HYF2REE (4.712161e-08, 5.551115e-16) -

ERo o ArEE s 3 (Rank=3 Jji LEEHZE)

B SRR x4 I L —BERMEERGE - BB TS ST R e -

> x1=rnorm(25, mean=>5, sd=1) # x1 2 AESIAEE SN 25 [EEEA
> x2=rnorm(25, mean=>5, sd=1) # x2 EHEESIAERE SN 25 [EEA
> x3=rnorm(25, mean=>5, sd=1) # x3 EHEESTAEE 2R 25 [EEA
> x4=3*x14+2*x2+x3+trnorm(25, mean=0, sd=1) # x4=3*x1+2*x2+x3, & X1, x2, X3 A& M4 &N B
> x14 = data.frame (x1, x2, x3, x4) # FSDU4HEEARET—(F frame &8 x14
> pr = princomp (x14, cor=TRUE) # [ZAiE7T ERor 01T

> summary (pr, loading=TRUE)) # &< 1% 57 fri 4t 5t

Importance of components:

Comp.1 Comp.2 Comp.3 Comp.4
Standard deviation 1.4565751 1.1233728 0.7704314 0.151189097
Proportion of Variance 0.5304027 0.3154916 0.1483911 0.005714536
Cumulative Proportion 0.5304027 0.8458943 0.9942855 1.000000000

Loadings:

Comp.1 Comp.2 Comp.3 Comp.4
x1 -0.642 0.117 0.410 0.637
x2 -0.306 -0.662 -0.645 0.228




x3 -0.173 0.740 -0.641 0.103
x4 -0.681 -0.729
>

e LB EIE REEREER (Cumulative Proportion) &t > £ 1755 = E i/ 4L F] 99.4% (0.9942855) - fi
F TR ER A E] 100% - B FRE AT =8 L BRI G R/ DaFsRE -

Cumulative Proportion 0.5304027 0.8458943 0.9942855 1. 000000000

At YRR A R T DAEAEAE % (Standard deviation) Fi s 5L (Proportion of Variance) 2 W4HE T B -

Comp. 1 Comp. 2 Comp. 3 Comp. 4
Standard deviation 1.4565751 1.1233728 0.7704314 0. 151189097
Proportion of Variance 0.5304027 0.3154916 0. 1483911 0. 005714536

T

53N ~ A —(E B R AT A ESRDIEYJ77% BRI if (Factor Analysis) - S 774 FHER £y
i Z Z=EE - R WVRIEEERAEEEAZ VAT RERNATES - AIEERIRAHIGER -

DUN B FMERE ST R Ea B pT TR T irés R e DS NYIRI i > AT E —(E R TR E T
LLplezhy BT o0 - e e IfE DL BRI 0 - g BB R MAVEE SR

N

> x1=rnorm(25, mean=>5, sd=1) # x1 EEESImE&ESN 25 (EEAR
> x2=rnorm(25, mean=>5, sd=1) # x2 EEESMIEE 4R 25 ([EEAR
> x3=rnorm(25, mean=5, sd=1) # x3 2 AT HEMLEE LT 25 (EiE
> x4=3*x1+2*x2+x3+rnorm(25, mean=0, sd=1) # x4=3*x1+2*x2+x3, & x1, X2, X3 A4 M4 & I H &
> x14 = data.frame(x1, x2, x3, x4) # FHSIU4HEEARZE T —(# frame &8 x14
> fa = factanal (x14, factors=2)
$tifrfactanal (x14, factors = 2)

2 Tactors is too many for 4 variables
> fa = factanal (x14, factors=1)

> fa

Call:
factanal (x = x14, factors = 1)

Uniquenesses:
x1 X2 X3 x4
0.126 0.834 0.951 0.005

Loadings:
Factorl

x1 0.935




x2 0.407

x3 0.222
x4 0.998

Factorl
SS loadings 2.084

Proportion Var  0.521

Test of the hypothesis that 1 factor is sufficient.

The chi square statistic is 21.97 on 2 degrees of freedom.
The p-value is 1.7e-05

> fa = factanal (x14, factors=3)

#fhixftfactanal (x14, factors = 3) :

3 factors is too many for 4 variables

et
e g l:l

R ER I TEEEGIT > FATILIES] T Rt ) Rira eI > w0 T IEREL - BERAE T
TR ZRAYER R |

L W RO B SERORINE BRI ) o RS TR ) B RIERE
(FERARIERE -

AR - R R ARG T AR RS - SN - B - HERGE , BRI ER
g |

o RIET= G4ttt 1B #RA", ISBN: 9787040250626 -

Verilog (4) — Hiffr#E#E BT ALU BYERET (FFE © PR EE L)

FEE— IR SR BT T T SRR ARGt 0 BRAIRISREV AR TG T T B e ) B T A
g5 Fooft o FEET - ROTHIEINESHERE L - FRErfEEt—(E ALY BT -

P*FH CASE sE/5icET ALU

HE - 1f Verlog E - IMIAFEETGTINERS - KWy Verlog f2t T=P&0Y T+, - %, /) FEAESR > 7]
DI EREEEA - 5 YR - AR case 5E4) > JAMwt o] RIS S HyaaTHH—(E ALU BT T -

UM ZE— (B 2H) ALU BT 2 RS -

/] A a, b IBEHIT op FrfE ERVER - AR RGERBIEE T Y B
module alu(input [7:0] a, input [7:0] b, input [2:0] op, output reg [7:0] y);
always@(a or b or op) begin // & a, b 5 op AR » BLE AILESLEIT -



http://book.douban.com/subject/3337668/

case (op) /] 1342 op o EH TR iEER
3'b000: y = a + b; // 0p=000, FfThI%
3b001: y =a - b // op=000, FhiTELE
3b010: y = a * b // op=000, #h{T3E%E
3b011: y =a / b // op=000, #hiThRE
3'b100: y =a &b /] op=000, #ifT AND
3b101: y = a | b; // op=000, #hfT OR
3'b110: y = "a; // op=000, #fT NOT
3'b11l: y = a ~ b; // op=000, #i7T XOR
endcase
end
endmodule

Verilog &A1Y 25 H

BitEREE AR S SR RN 55 ALU AUETES IR A - (BT E LB LI T 4 85E
EPEREE A EZRE -

JEEEEIA 1. always 5251 A

case ZE[H AL AIHISNA—EEA aways =X inttial 5] > [N RS SRR ERES > BT UZ SRR wiring HYJT3 - always
anH) HAAE @(trigger) THEiY trigger MysdR(TIF ik 4 & gt -

& trigger VSR (LSRN - aways SEEELG HiiEEE - B2 aays@(a or b or op) wEUFRE (a, b,
op) & P LA —(E FUCEAEHEE - ZaE g i -

BHFEAM T LALE aways gEA)E 0L posedge MYk > 8 ERAE " [EE% ) (LHES) Kifgss - 3N L
negedge &M » 5 € HATE BB ) (MEES) MEHERSE » FIHOEF A LUE F1E Verilog & &2 T 5IEE
/EU :

always @(posedge clock) begin

end

bR ATE cock iE—{RERERHVEIL DA EG G st o At MIAE EAS AR R R SR EN (F - PRI
Vet EAVe o3 b TP b

EREIE 2. 15 E PR AT A2 TE Z R ]

£ Laith2s( > a, b, op #iE & Ky input (F ALRER), If y AIIE S R output reg (HitH ET(7E8), fEERELHEER
&Y AREHES Ry output [ 0E reg > [N/ I7H reg BUREHYSEE B BEMUIAE aways & BRERAYESR/ETT - H#EfT
fEERVBNE -

HE L 7F Verog E > 2 output reg [7:0] y BHES » HEG A DAHLEEMNRWES G —X
T4 output » S HIE L reg  HIFART -



module alu(input [7:0] a, input [7:0] b, input [2:0] op, output [7:0] y);
reg y;
always@(a or b or op) begin

B2 G a] DR S E B R Ri(E A 4408 - 282 B assign B 53 FEE - AT AR |

/] A a, b BEEIT op FTiEENVER - MERGERTIEEFSR Y B
module alu(input [7:0] a, input [7:0] b, input [2:0] op, output [7:0] y);

reg ty;
always@(a or b or op) begin // & a, b 5; op A& » st ASLIEBER T -
case (op) /] 142 op S TR iEE R
3'b000: ty = a + b; // 0p=000, FH{THI%
3b001: ty = a - b; /] op=000, Fh{TIE:%
3'b010: ty = a * b; // 0p=000, Hh{TI%:
3b011: ty = a / b; /] op=000, Fh{ThR%A
3'b100: ty = a & b; // op=000, T AND
3b101: ty = a | b; // op=000, #fT OR
3'b110: ty = Ta; // 0p=000, #fT NOT
SPUL1: ey = a = b // 0p=000, % XOR
endcase

$display ("base 10 : %dns : op=%d a=%d b=%d y=%d", $stime, op, a, b, y); // Eiop, a, b,y [y
$display ("base 2 : %dns : op=%b a=%b b=%b y=%Db", $stime, op, a, b, y); // E[lHiop, a, b,y
end
assign y=ty;
endmodule

TE EAUREEF - it R reg BIBEHVEE AT DURAE aways @BRINAYESE /A4 - RIELE(MIZE ] reg BIRRHY ty &
fa%?? %Zu% °

{B/ZAE assign F5CHYEIRAE - AN R A BURRAYEE - ] DUS SRS AURRAY S - NIRRT AT UM
assign y=ty ik —(Ef5 <S5 ty IV FEs st -

FHE L assign sEARRAVE—E " AHREHFIIL AL, o KIERFIABER output BUREHYE IR £ ESR
sy Ol

e ALY 56T (B R)

% T iE 5t Verlog sEARFEZ 1% > BT T DAEECNEAES - BE(E  ALU BAEITHEL > DUN 252 BAURES
i -

=S| TAY

/] A a, b BEHIT op FRfE ERVER » NMBRERIITEFRY &
module alu(input [7:0] a, input [7:0] b, input [2:0] op, output reg [7:0] y);



$display ("base 10 :
$display ("base 2 :
end
endmodule

module nain;

reg [7:0] a, b;
wire [7:0] y;
reg [2:0] op;

initial begin
a = 8h07;
b = 8h03;
op = 3'b000;
end

always #50 begin

op = op + 1;
end

endmodule

alu alul(a, b, op, Vy);

initial #1000 $finish;

always@(a or b or op) begin // & a, b = op ArgEHs » HLiE

%dns : op=%d a=%d b=%d y=%d",
%dns : op=%b a=%b b=%b y=%b",

/] MFEAEABEE

/| 5% a, b &y 8 iyt E{Fds

[l By R 8 (ITT&RES

/[ E& op By 3 Lyt fFes

/] AT wIa LB E
/] %E a BEE 7

/] #%E b B#E 3

/] SEE op HYHIEA1E & 000

case (op) /1 1545 op FUE TR TR
3b000: y = a +b;  //0p=000, #fTiE
3b00L: y =a - bi /[ 0p=000, H{THA
3'b010: y = a * b; // op=000, ¥/ 7%
3b011: y =a /b; /[ 0p=000, #i7hki%
3'b100: y = a & b; // op=000, #{T AND
3b101: y = a | b; // op=000, %i{F OR
3b110: y = "a; // 0p=000, 77 NOT
3bi1l: y =a " b; /[ 0p=000, #{f7 XOR
endcase

$stime, op, a, b, y);
$stime, op, a, b, y);

[ 1L alu BT > #4785y alul

/] E{# 50 Z=APEEfE F51E{E

/] 5% op BY{ENN 1

/] W5fEE] 1000 ZRAPELAS

 ABEE ST -

/] ENt op, a, b, y
/] ENtH op, a, b, y |

N

FE BT B T HEURREAVENL ALU B HHAEER - FefPIHE ALU BHAVESRE LA LL TRYRITT $display () 45
a, b, y) FEHHY 10 (8 2 BATGERE > HEFEEEE -

< DMEFEEEUR (op,

$display ("base 10 :
$display ("base 2 :

%dns : op=%d a=%d b=%d y=%d",
%dns : op=%b a=%b b=%b y=%b",

$stime, op, a, b, y);

$stime, op, b, v);

a,

/] Bl op, &, b, y
// BNt op, a, b, y 1

b




AR TS

AR AV T HIEE R AT

base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :
base 10 :
base 2 :

Ons
Ons
50ns
50ns
100ns
100ns
150ns
150ns
200ns
200ns
250ns
250ns
300ns
300ns
350ns
350ns
400ns
400ns
450ns
450ns
500ns
500ns
550ns
550ns
600ns
600ns
650ns
650ns
700ns
700ns
750ns
750ns
800ns
800ns
850ns
850ns
900ns
900ns

: op=0 a=
: op=000 a=00000111 b=00000011
: op=1 a=
: op=001 a=00000111 b=00000011
: op=2 a=
: op=010 a=00000111 b=00000011
: op=3 a=
: op=011 a=00000111 b=00000011
: op=4 a=

. op=b a=

. op=6 a=
: op=110 a=00000111 b=00000011
. op=7 a=
: op=111 a=00000111 b=00000011
: op=0 a=
: op=000 a=00000111 b=00000011
. op=1 a=
: op=001 a=00000111 b=00000011
: op=2 a=
: op=010 a=00000111 b=00000011
: op=3 a=
: op=011 a=00000111 b=00000011
: op=4 a=
: op=100 a=00000111 b=00000011
: op=bH a=
: op=101 a=00000111 b=00000011
. op=6 a=
: op=110 a=00000111 b=00000011
: op=7 a=
: op=111 a=00000111 b=00000011
: op=0 a=
: op=000 a=00000111 b=00000011
: op=1 a=
: op=001 a=00000111 b=00000011
: op=2 a=
: op=010 a=00000111 b=00000011

D:\Dropbox\Public\pmag\201310\code>vvp alu

7 b= 3 y=10

7 b= 3 y= 4
7 b= 3 y= 21
7 b= 3 y= 2

7 b= 3y= 3

: op=100 a=00000111 b=00000011

7T b= 3 y= 7

: op=101 a=00000111 b=00000011

7 b= 3 y=248

7b= 3y= 4
7 b= 3 y=10
7 b= 3y= 4
7 b= 3 y=21
7b= 3y= 2
7 b= 3y= 3
7b= 3y= 7
7 b= 3 y=248
7 b= 3y= 4
7 b= 3 y=10
7 b= 3 y= 4

7 b= 3 y= 21

D:\Dropbox\Public\pmag\201310\code>iverilog —o alu alu.v

y=00001010

y=00000100

y=00010101

y=00000010

y=00000011

y=00000111

y=11111000

y=00000100

y=00001010

y=00000100

y=00010101

y=00000010

y=00000011

y=00000111

y=11111000

y=00000100

y=00001010

y=00000100

y=00010101




base 10 : 950ns : op=3 a= 7 b= 3 y= 2
base 2 : 950ns : op=011 a=00000111 b=00000011 y=00000010
base 10 : 1000ns : op=4 a= 7 b= 3 y= 3
/o vy
EHATEE R T

I LAEE—Ba4E Ons ir > op=0 - FTLABR{TIIE - (58] y=a+b=7+3=10 > Zi{% 50ns it op=1 > BRI TR
% UM R (AR TERAR B

a b op y

7 3 0 (+) 10

7 3 1(-) 4

7 3 2 (%) 21

7 3 3 (/) 2
00000111 | 00000011 | 4 (AND) | 00000011
00000111 | 00000011 | 5 (OR) 00000111
00000111 | 00000011 | 6 (NOT) | 11111000
00000111 | 00000011 | 6 (XOR) | 00000100

Zi8 B, > BAFIRIERE(E ALV Haest U IEMERY -

L =F
S

HYIARE TR

iEER R Verlog 1 [+, -, *, /| ZEENET
sEEticE T BfESGT A RIEENE TS

BHE L £ Veriog sxat5 CPU ScAVHEETITRF > ALU B Fas F R LEERIER VA S - HIEEFEHH

HEEHEIT > MEtZE CPU satiUREEZ ATfE - TFIEfE " FRIEERGETE] ) ZIHYSCES - 5Epk CPU BilfZE]

et —

BITHYEGET

ESPAN

\

&b 2= =1

REJT °

Ao

A =

e
EV&G]

° [ ANL - H Veriog &5t ALU

B
Elag=g =]

B o R

EE==

o BYAKER > lE g A E e ALU BT MERZERAERERY - (2L LAy
fRsUE T EAILUER] 1£ Veriog & ekt ALU HEZRMEEA > HEH 10 {7260 - EEATEEC
sxat T hmAERs ) B

BT DR (ERE A e K B ([ case 5EH]
BEINNES T -



http://ccckmit.wikidot.com/ve%3Aalu

FAIEERGETE (4) — CPUOmMC jmHfigs @ {5 H] Verilog E(F (fF#& : P&
)
HEARHTRG » TR O RS B PR SS » CPUO MYt 7 2t » JRIPIHIEF] Verlog RS2

axat CPUO s -

BRI R B sy s EE R - SR — DRI AY 530 RYEsE G EE I o MR TSR TG e Ay U5
= R 4 (S0 NVERE RS CPUO-Mini G » Akfiish B gsnvstat =

AL TR s B RT3  AEE 2 A F A E A E L Z T

Mini (AT AR 5

7

EECHIRMIE 2013 5 6 A9RAiE A RESE T - FIEGEAY RYISCER ? 5 CE

o FARERSETE (1) — BAeAmE

EASCH » BB CPUO iyfs s »

2l (U | A~ EEe et 5 iEa) - A Veriog BE— (AT AT L4

AFE B CPUOMC -

HAFIFrPkE & (EE <40 T

CPUO EHEzS

PR METE <

» f# ks CPUOmMC » 5t 2 CPUO-Mini-Cache HYFEFE -

s DMESEH—ET DETE 1+2+.....+n+
<1y CPU » E(Ef#/ N CPU R

St
oo

RBH T CPUO JR3E BRAY 2 o

(B ECiEAE A CPUO-

AN

- YR/H = AD =

L LD 00 | &k Aword LD Ra, [Rb+Cx] | Ra=[Rb+Cx]

L ST 01 | ffFword ST Ra, [Rb+Cx] | Ra=[Rb+Cx]

A ADD | 13 | & ADD Ra, Rb, Rc | Ra=Rb+Rc

] JMP | 26 | BlE#E (fE(FELE) | IMP Cx PC=PC+Cx
K% > Mt A E R EESEHH L THIRER ¢

ik PEsES e

Hiey CEEs

0000 | 001F0018 LD R1, K1 R1 =K1
0004 | 002F0010 LD R2, KO R2 = KO
0008 | 003F0014 LD R3, SUM R3 = SUM
000C | 13221000 | LOOP: | ADDR2,R2,R1 | R2=R2 + R1
0010 | 13332000 ADD R3, R3, R2 | R3 =R3 + R2



https://dl.dropboxusercontent.com/u/101584453/pmag/201306/htm/article5.html

0014 | 26FFFFF4 JMP LOOP goto LOOP

0018 | 00000000 | KO: WORD 0 int KO=0
001C | 00000001 | K1: WORD 1 int K1=1
0020 | 00000000 | SUM: | WORD 0 int SUM=0

EERE AT R > B R s R3 (BES] SUM) 1£ 0, 1, 142, 14243, ... —E&[A B > (i 2k ks
AydEEsR - NItRMEES R3ANEEE 0, 1, 3, 6, 10, 15, 21, 28, 36, 45, 55 ... - MYIENL

CPUOmMC 541

PUN st MpmaestHy CPUOmMe 154 > DURCHIEAY A2 > IPHERRNT 5 T afdlinvai ] - shal & H IR -

=22 . CPUOMC

“define PC R[15] // #2=(5182% PC H& 2 R[15] BYFI&

module cpuOmc (input clock); // CPUO-Mini FY1RELRK @ cpuOmc F54H
parameter [7:0] LD = 8h00, ST=8'h01, ADD=8'h13, JMP=8'h26; // %% 4 {H{5%
reg signed [31:0] R [0:15]; // E&E {75 R[0..15] % 16 {# 32 {1 & Fes

reg signed [31:0] IR; /] $55mi52 IR

reg [7:0] m [0:128]; /] REHYHREGEC RS

reg [7:0] op; /] S8 HEEAHES op

reg [3:0] ra, rb, rc; /] S8y BrIEES5E ra, b, rc
reg signed [11:0] cx12; [/ S8 1 12 firrE 8 cx12
reg signed [15:0] cx16; /] &5 . 16 AT E L cx16
reg signed [23:0] cx24; /] S8 24 i T E L cx24
reg signed [31:0] addr; /] 8 B{FaciERe izt

initial // a1t

begin
‘PC = 0; /] % PC s skEEhfirkl: 0
RIO] = 0; /1 # R[O] ErfFessahila e Fy 0

{m[0], m[1], m[2], m[3]} = 32'h001F0018; // 0000 LD R1, K1
{m[4], m[5], m[6], m[7]} = 32'h002F0010; // 0004 LD R2, KO
{m[8],m[9],m[10],m[11]} = 32'h003F0014; // 0008 LD R3, SUM
{m[12], m[13], m[14], m[15]}= 32'h13221000; // 000C LOOP: ADD R2, R2, R1
{m[16],m[17],m[18], m[19]}= 32'h13332000; // 0010 ADD R3, R3, R2
{m[20], m[21], m[22], m[23]}= 32'h26FFFFF4; // 0014 JMP LOOP
{m[24],m[25], m[26], m[27]}= 32'h00000000; // 0018 KO: WORD 0
{m[28],m[29], m[30], m[31]}= 32'h00000001; // 001C K1: WORD 1

{m[32], m[33], m[34], m[35]}= 32'h00000000; // 0020 SUM: WORD 0



https://dl.dropboxusercontent.com/u/101584453/pmag/201310/code/cpu0mc.v

end

always @(posedge clock) begin // i clock H5HRIY 724505 i

case (op) // fR#E OP T EAVENE
LD: begin // # A#5% : R[ra] = m[addr]
Rlral] = {m[addr], m[addr+1], m[addr+2], m[addr+3]};
$write ("%4dns %8x : LD %x,%x,%-4x", $stime, "PC, ra, rb, cx16);
end
ST: begin // #F#5% + m[addr] = R[ra]
{m[addr], m[addr+1], m[addr+2], m[addr+3]} = Rlra]l;
$write ("%4dns %8x : ST %x,%X,%-4x", $stime, 'PC, ra, rb, cx16);
end
ADD: begin // fiiiA35%  R[ra] = R[rb]+R[rc]
Rlra] = R[rb]+Rlrc];
$write ("%4dns %8x : ADD %Xx,%x,%-4x", $stime, "PC, ra, rb, rc);
end
JMP:begin // BkiEf5< ¢ PC = PC + cx24
addr = cx24; // HYILH ox Wi Ry 32 LT A E
"PC = 'PC + addr; // BkigH&fril-=PC+cx
$write ("%4dns %8x : IMP %-8x", $stime, 'PC, cx24);
end
endcase
$display (" R[%2d]=%4d", ra, Rlral); // & HIEL{FEaiE

end
endmodule
module main; /] AR FIA
reg clock; /] B clock S8
cpulme cpu(clock) ; /] B4 cpuOmc EHHES
initial clock = 0; /| —Fa4& clock 2% & A O
always #10 clock="clock; /] 55 10 =¥ clock s2AH » 4 EHA B 20 SPEVIFIR
initial #640 $finish; /] 7£ 640 E=RhHyRFHEtE RS - (R A EREY R[1] {842 1+2+...+10=55 Yk
endmodule

IR = {m['PCl, m[ PC+1], m[ PC+2], m['PC+31}; // {55HAEEES - IR=m[PC], 4 (& Byte HYEC
"PC = 'PC+4; /] HEEGERK - PC Rij#EE] N —{E+5 >k

{op, ra, rb, rc, cx12} = IR; /] FERE[EES ¢ & IR fi# 5 {op, ra, b, rc, cx123}
cx24 = IR[23:0]; // figz IR[23:0] fix A cx24

cx16 = IR[15:0]; // fi#zH IR[15:0] iz A cx16

addr = "PC+cx16; /] EeEEEFERALHE = PC+cx16

AR



EaAR A icarus GBI THYSERAN FATR -

D:\Dropbox\Public\web\oc\code>iverilog —o cpuOmc cpuOmc. v

D:\Dropbox\Public\web\oc\code>vvp cpuOmc
10ns 00000004 : LD 1,f,0018 R[ 1]=
30ns 00000008 : LD 2,f,0010 R[ 2]=
50ns 0000000c : LD 3,f,0014 R[ 3]=
70ns 00000010 : ADD 2, 2,1 R[ 2]=
90ns 00000014 : ADD 3, 3,2 R[ 3]=

110ns 0000000c : JMP fffff4 R[15]= 12
130ns 00000010 : ADD 2,2, 1 R[ 2]= 2
150ns 00000014 : ADD 3, 3,2 R[ 3]= 3
170ns 0000000c : JMP fffff4 R[15]= 12
190ns 00000010 : ADD 2,2, 1 R[ 2]= 3
210ns 00000014 : ADD 3, 3,2 R[ 3]= 6
230ns 0000000c : JMP fffff4 R[15]= 12
250ns 00000010 : ADD 2,2,1 R[ 2]= 4
270ns 00000014 : ADD 3, 3,2 R[ 3]= 10
290ns 0000000c : JMP fffff4 R[15]= 12
310ns 00000010 : ADD 2,2,1 R[ 2]= 5
330ns 00000014 : ADD 3, 3,2 R[ 3]= 15
350ns 0000000c : JMP fffff4 R[15]= 12
370ns 00000010 : ADD 2,2,1 R[ 2]= 6
390ns 00000014 : ADD 3, 3,2 R[L 3]= 21
410ns 0000000c : JMP fffff4 R[15]= 12
430ns 00000010 : ADD 2,2, 1 RL 2]= 7
450ns 00000014 : ADD 3, 3,2 R[L 3]= 28
470ns 0000000c : JMP fffff4 R[15]= 12
490ns 00000010 : ADD 2,2, 1 R[L 2]= 8
510ns 00000014 : ADD 3, 3,2 R[ 3]= 36
530ns 0000000c : JMP fffff4 R[15]= 12
550ns 00000010 : ADD 2,2, 1 R[ 2]= 9
570ns 00000014 : ADD 3, 3,2 R[ 3]= 45
590ns 0000000c : JMP fffff4 R[15]= 12
610ns 00000010 : ADD 2,2, 1 R[ 2]= 10
630ns 00000014 : ADD 3, 3, 2 R[ 3]= 55

— = O O

e Pl R E - WA ABE IRV T2 ARy - H R[2] 12 0, 1, 2, ..... —p& B8 - 1 R[3] AIIFE O,
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Shoh

HE - CPUOMC ‘S AYEGTIERZE A RERE 2 Ry DR > TR AERE A A RAVIESL.Z T > R SRAM E 8 ALE CPU &



Y —REIEE > EMEEAN R LR R R - B RERATRE - NhpEL BT ERN
AFREECIEAGAY TN AE CPU B ey -

MRS SOC & e A IS > IR Z T ERRECREEE A SOC B - S EItbES
AR > eI fERYZEREEUA B H ATV RS 1k > EPRASME DRAM A5 - AT DUKIERE R TR ARAY AL
A HREERNER BT -

275 3Rk

* BREEBIAENS ¢ (£ Verlog 3t CPUO pR g
o [HSEIAILENE © CPUO-Mini jiHE 2

REFEETE — FEmEEEEMH R A1 MPI (/% : Taiwan R User
Group)

[ VDA WY

Al

il

BT REAR R R BAEE - N AEVESGR KRBAR - i HRETHY A A E 2 I Hadoop 2R i B A B -

(ERANAR B AR > SORga A Gy - 5 AR (L A B ((iteration) - Fif*Hadoop /2 (ERERE 48 (EY 2
&0 AR B AUERIARRENI A - AREES R R i A ERe T - AT DU DI A -

A& HUE SR EC IR A

JFAGCIRASIRE - ATl — MR A A ARAV IR A IR AG TP oA - TeE AR B GBRY B R i 2s B2 8 SR A
o » I ARER AT RE A AT RERY (B MERGBEL - 22 TBERHVEIRMUECERMIT > B4
AEATRE T » AT EAVE R AT LI SEHEE -

AR HYHEY - SRR FF R AGC RIS AL IR SR T - —f7 AR HE —a RELRARAVEN - 3T
2GR A EINARNFEEGWIE AL - MAGLREIEIESHI0E A6 DAT - (HEEEFRCIEAGRESN
REIIT AR - TRERBE K& - Oracle SAP HANA Rival Exalytics 3IIHY1T BELIEARAII s (£ R A7 22
135,000=7¢ -

SR AR R SR > R TGRSR - SEEEZ ] LUEEE] - M E32GHY &t —564GHY{E
HVER > BRI EE ZEER L BERAER - IR ERIEHEES L - MPI(Message Passing
Interface) 2 —({E{EGHVEHERIE - EBMPIFVE(E > 410penMPL - FefTr] DS+ a Bk S - HELIF -
i R K EAERIERE  TMPLEFR 1 Hadoop 2 4h » So—fdn] DU G UER R T A, -

MPI + R {5708 T 0] AR 5 56

A EMPIFZE AR PR R » 1] ELEF 2 MPIAVRE B FHCAR RS » BRBRE I (R% - HEIREMPI
EALATDURIET 2% P HIRE = TP e PIAIREEA B & AT IERT EHIMPL > DUETT B8R -

MPI<—({EFE AP HIN R ESoE B - ) R R — S ERIRET - N Em s A - IRPIERLUT(#
HIESZ\LIERG > 41 AWS(Amazon Web Service) EFIAE TG > EEEBH G —H—IRAVEE EE%s - NI
AEER TR R E S SR -

F1Hadoop#HLL » HadoopR £t A £ sMemoryfy T E. » 41 : SparkfiShark - {HgiE—V#} 2 EAHadoop 4474


http://ccckmit.wikidot.com/ve%3Acpu0s
http://ccckmit.wikidot.com/ve%3Acpu0m
http://www.pcworld.com/article/247903/oracle_reveals_pricing_for_its_sap_hana_rival_exalytics_signaling_imminent_release.html
http://en.wikipedia.org/wiki/Message_Passing_Interface
http://www.open-mpi.org/
http://en.wikipedia.org/wiki/Amazon_Web_Services
http://spark.incubator.apache.org/
https://github.com/amplab/shark/wiki

REFMEEEL TR - IMHEREEE T LEEA/N » (HE2F RFI% Hadoop - AAR S &M 4HRIMPL + R
A T H mIRE st E sl S AT e Y -

TEERCES » EFHRY M AN ERFIHMPIFIAWS - 3fi H Demo—{f LA 23{@EInstance » 7E 857 & A ¥ HESEER
fifr &% & kR (Logistic Regression) HYBIF-

R g R

ZAIM - AR E R BEE T G E 6 b (AR E AR - ER CEN A S ERE - HEER
IR E 1%  FAFY AT AR5z Hadoop Y 0h 22t o WIS E R Z ISR - 32 20 FHadoopry(Don't
use Hadoop - your data isn't that big) - (G£X) -

Lrim e - BB EE R HEREE G LR - B8/ - KEAv A BHREEIEER - 2 AR
BERATER - DIEENEES - BROBRRE R EE DR R EE 2 T EZER -

R #1 MPI

fEiB%: > RECASASEAIMPL IR T - R DAV AFRLR Rupi - 65 Rmpi 2 LGB snow F
foreach SLLEERSATIEFIELF -

pbdR: Programming with Big Data in R Z2012F V8% » ELIMPLAJEG - W H 3t EGEEE = L SPMD Z84#2K
R A EUEBLE( pbdMPT ) o [EIRHt 2 A4 AV E RIS pbdDMAT Sy =X rE R ) & ) F1HI & 28 BT E
pbdPROF )& T H -

DIgEEREEs - AR E IR 1 > pbdMPTA[AEERFEAFAV LR - FHEEEAEAHEE - JEHEEOIE = -
F 52BN/ 4H 0 552:% High-Performance and Parallel Computing with R -
FAWSZLZ:MPI 1515

iEfLlubuntu 13.04 % - &5 7 4a a0 PRERAYAEAWSTERZ Hubuntu 13.04 instance 2R3 MPIIEET - [RAFREIE -
SRR S A A AT FHAWSHY R fiEtas 1

e IE D K R E R TR A9 TCP port
WM SE L REPARE RS T - P % EAVSEEIERZ BT -
& i Public AMI

FHA{EUS East(N. Virginia)FEH RI(EAMI - FHEZPRERE SUAYEE# 2] LE R FHAMIACE TR et es - ISt nl Ag
HEET 2 e EL B - HBAHERE HAFSHB# A © http://youtu.be/m1vtPESsFgM -

AMI d:

e MPI-master: ami-adebalc4
e MPI-slave: ami-c9ebalal

LR RITH

EHRSEUbuntulVERE > N EMELSATTERERIHIENR: -


http://en.wikipedia.org/wiki/Logistic_regression
http://www.chrisstucchio.com/blog/2013/hadoop_hatred.html
http://geek.csdn.net//news/detail/2780
http://www.stats.uwo.ca/faculty/yu/Rmpi/
http://cran.r-project.org/web/packages/snow/index.html
http://cran.r-project.org/web/packages/foreach/index.html
http://r-pbd.org/
http://en.wikipedia.org/wiki/SPMD
http://cran.r-project.org/web/packages/pbdMPI/index.html
http://cran.r-project.org/web/packages/pbdDMAT/index.html
http://cran.r-project.org/web/packages/pbdPROF/index.html
http://cran.r-project.org/web/views/HighPerformanceComputing.html
http://youtu.be/m1vtPESsFqM

1. fEshelli€ N Z225RMlopenmpi

sudo apt—get update
sudo apt—get install r-base openmpi—-bin samba cifs-utils

sudo apt—get build-dep r—cran—-rmpi

2. R J& T2 4EpbdMP1T

install.packages ('pbdMPI")

ps. cifs—utils Ef-ER BEE(# samba JR75:E slve ##E; master fURLHE - 4B EEHEM = > HIZE
1 slave Z4E¥ENIENE -

Slaver Ve EF L Ry 1k - B T AGEE (ERE SeEs B 1L RAML - IEHUAIY MPI-slave © {H7E Master ZEFEZEII MY
JE ° e o EEHRARKES - PEEMEL NAVEOE

Samba(EEiE )

454 27 Flsambasi I He SR I FTRE M RARY DU TSPMDZEREAT T - BEBNFSLE st & /s
A > TR E CE A eR

1. S TTRepository Hif :

mkdir —-p ~/Repository

2. TEBRA £/ ete/samba/smb. confEFJE FAIA ¢

[Repository]
path = /home/ubuntu/Repository
browseable = no
read only = yes

guest ok = yes

3. HE#TREsamba

sudo testparm

sudo service smbd restart

Wth—2k, slavesyha] Ll #Eimaster ERYERAET -
Rstudio Server(GE£iE4:)

AR TR EL A E_E SR EHAE (S - A i rstudio serverfiiAs - 2587 5 - 1 Hie Bt B B2k
SRR TUHEHITHRE



1Eshell |-Z#4ERstudio server:

sudo apt—get install gdebi—core libapparmorl
wget http://download2. rstudio. org/rstudio—server—0.97. 551-amd64. deb
sudo gdebi rstudio-server—0.97. 551-amd64. deb

LRESERAR > JeaE (B TS

sudo passwd ubuntu

B RS K A Fport 8787 > s T DIFTREE http://public.domain.name.of .aws.instance:8787 - @i A {F %
(ubuntu)FMIIRIEEE R MG > [EiZ e EERstudioyGUI MHE] ©

A& 2% Rstudio B 7301
1% 0 PR SE4REE master FAYSCHE 0 % 9B samba HIIFTAHY Save #5 ] LRI i 4R R 15 Y45 5 -
OpenSSH &
openmp I fEFSTESIFE (1] openssh - FTLUS#E 21 openssh fii—HBiEE
1. fogdlEagHost

4nliE/etc/ssh/ssh config » #rid :

StrictHostKeyChecking no

2. £ AWS 777 key pair > His4 5y pbdMPL - IEREEEE T RS ES M Ei—(EFfEZE © pbdMPI. pem
3. BpbdMPI. pem H{EZF|EEAHEES > I HEHa2 0 CER /home/ubuntu/. ssh/id rsa

S > MasteraEHARTHER T « BEE S UM B e RAM > SEILE B MPL-master -
N
SR RIIGLCERY AMI - (MPL-slave) - B THT(HE BEREACH (F slave I | FERLTERF AR SEER -

1. Access key-pair ZEEE$E [ 2E 77 #Y pbdMPI
2. [ikfEss e AT TCP/IP port $75 -

s EIP

{54 master F1 slaves 1 private ip ££f7E master ~iY ~/pbdMPI. conf

XX. XX. XX. XX # master HJip ZEZE—1F
XX. XX. XX. XX

XX. XX. XX. XX

A5 instance /) > EEE LI AWS management console Ho—({E—{E#& % - 4148 instance %% » ] LI{#E A boto



http://public.domain.name.of.aws.instance%3A8787
http://www.rstudio.com/ide/download/server

i=fli python EARE IS ip 1% » HEELE] ~/pbdMPT. conf -

#!/usr/bin/python2. 7
# —%- coding: utf-8 —*-—

__author = "Wush Wu”
__copyright = "© 2013, Wush Wu”
__license = ”“GPL 3.0”

import boto.ec2

import os

conn = boto. ec2. connect to region(“us—east-1",
aws access key id= put your access key here’,

aws_secret access key= put your secret access key here’)

aa

ec2 prototype ip =

nn

ec2 master ip =

for res in conn. get all instances():

for instance in res. instances:

if instance. key name != “put the name of key pair here”:
continue

if instance. state != “running”:
continue

print “rds-receiver:”
print instance.public dns name
”

print “——

print instance.private ip address

for res in conn. get all instances():
for instance in res. instances:
if instance. key name != “pbdMPI”:
continue
if instance. state != “running”:
continue

print instance.private ip address

RERMT S 4RER2S3Y:E % - A DL Rstudio4mE 257k 4miiE /pbdMPI. conflZ o
ZE Slave #H# master 7Y%

IS E IR —(E R script zK:E master &4 ~/pbdMPI. conf AN KB ssh & slave Hi#E;, master Y%
B o [FIRFt m] AR ARG ssh AR E /& 75 IEAE -



#! [usr/bin/Rscript

# author__ = "Wush Wu"
# __copyright__ = "© 2013, Wush Wu"
# _ license_ = "GPL 3.0"

src <- readLines ("~/pbdMPI.conf")
master. ip <- src[1]

slaves. ip <- tail(src, -1)

for(slave. ip in slaves. ip) {

system(sprintf ('ssh %s "sudo mount //%s/Repository ~/Repository -0 guest" &', slave. ip, master.[i

¥ bt iR B fERL mount. R &1E shell 77

Rscript mount. R

Hello pbdMPI

B 1R 457 1] DAZICHIEA pbdMPI B 58 B R 5% R T |

HRIBLL NN ETT ~ /Repository/hello. R

#! [usr/bin/Rscript

suppressPackageStartupMessages (library (pbdMPT) )
init()

print (sprintf ("Hello pbdMPI from node %d", comm.rank()))
finalize ()

g Tshell script:

mpirun —np 3 ——hostfile ~/pbdMPI. conf Rscript ~/Repository/hello.R

HIZAERILLTHYEREE ?

[1][1]

"Hello pbdMPI from node 2”
“Hello pbdMPI from node 1”7
[1] “Hello pbdMPI from node 0”

Py rTRE G REMRC S - i LB SRR S - R IRE R E 4 pbdMPIAYERSEE T |



Logistic Regression {5/

Logistic Regression /&—f supervised learning Y7774 » t 2 g oA FHR BRI 88— @8 - HR{EF2%E
I EETT L IER o BIAIALE FEFEPkEKGoogleRE BE M 7 U Ah & Bias ¢+ A se e i# 1B b Hadoop S 5&HY Hr :4tSpark
HE A TEE] logistic regression 7 HZR{EEHE FHEIHA - SEFIRINEEST - HAERH I /48 Logistic Regression
B EBRIEE T D S BB RENCE . Maximum Likelhood, Logistic Regression and Stochastic Gradient
Training -

Pl ==

fiEAZfGA » Logistic Regression 2=k Y, 84 TRUE B¢ FALSE f5A1 T ZF‘aﬁE’\J%‘%f% ° By T EER SR ARE
INROBCR R I A GRS > FrLLEF A bgltLIl %&?Efrléfﬁﬂﬁﬂiﬁ%zﬁ%ﬁk

—f Logistic Regression fyF <tk

1
P(ya' = i1|$i’w) = 1_|_E—'Ht'(wT¢rt-:'

73 Maximum Likelihood A1 L2 Regularization » F{f ] AT H Z il (RALAY HARRAE f ~ Gradient §7f Al
Hassian ?Zf

f(w) — %MTM—I—ZH:ﬂcjg(l—l—e_yﬁ.(wT‘xﬁ'_'_b))

=1l
¢ vf(w) w—i_Z( —y wTlzr. _1)?_-;' L,
i=11
* V2f(w)= I+C‘XTDX
e D. E—yﬁﬂ T
M_{l—l— —yw 5‘:1:,3
T
o X — iﬁ?
i

at® Lo BMIZEREESRME [ AT w e

b

{58 P&t ] DApR B (AT s A B U > BOERHVEE S BIR S ( w RR)AVIRHE - ez UB R TR E 1%
S 2 f (w) BB TTE - EEAERE(CAIES - HT % R AR E A 5 /\ﬁﬁﬁhnﬂ
LIBLINEAR 1y trusted region JEFUEACHMEE - litHiZRAVZ O EALELR—F R & > 5558 &1E R %% Repp Z
&AE shel #{7

wget https://bitbucket. org/wush978/largescalelogisticregression/get/hstrust. zip
unzip hstrust. zip
R CMD INSTALL wush978-largescalelogisticregression—4daf9cbbbabc

FEZ AT LIRS T -


http://wired.tw/2013/07/11/yahoo_amazon_amplab_spark/index.html
http://cseweb.ucsd.edu/%7Eelkan/250B/logreg.pdf
http://www.csie.ntu.edu.tw/%7Ecjlin/liblinear/

Data and Scaling
‘=LA Big Data 1y iris Z f#y airine &L & - EHAH 1987 2 2008 FHYRITENR) -

L PSR 4 Delay FEARAIMES ARG - 3L oI LUBFIRIRI/ 434 Logistic Regression Z{H54 -
B T EAS BN 4EH pbdMPT > FelMat kIR R 4E - 1E AWS FBE 23 A S AEIoia
AR > ACHkE |

ps. B s T sE S AL BB S T A A B -
Download Data
Rk T airline 1y Data IE - & 7 Ef6E > gisEIRM A pbdMPT 2K T o

pbdMPIFfTER A AYSPMDERY - iy %58 23 Eilas AT TRV A BIEZE - iEZ (1 Master node 22H]
samba FREALERE L » BRI RETE master E4REE script % - fE#E EEEATAHY node B -

library (pbdMPT)

init()

if (comm.rank() !=0) {
url <- sprintf("http://stat-computing.org/dataexpo/2009/%d.csv.bz2", (1987:2008) [comm.rank () ]
download.file (url, "~/data.bz2")

}

finalize ()

EM init FEEEEEE mpi Ay communicators, |ff finalize HIE2E4% 1F mpi communicators - FEECEAEE
HREEFF A finalize - #5HI] openmpi & HHEEHIFTHTA HEERAIRIZFFHY -

rPRTEFIFNAY comm. rank E{RIGHEZSAE ~/pbdMPI1. conf AYIEFE » £¢ 0 BFZAIEIER R F2FFHIFESR - S
5% > A LLIEE 22 & slave % H N#EEFER airline dataset -

RHEZEMETA 212 (FCSBUE Repository BRI Z 1% - A RE#FTA BINER]) -~ BT -

mpirun —np 23 ——hostfile ~/pbdMPI.conf Rscript xxx.R

23 GEMMHGIT EEAVENE - AR init » —EE EEHET if (comm. rank O != 0) - FPABRT
master(comm. rank () % 0y node ) 24 » Hfth 22 SERGH & HEINIE R T | M Hig G BTNV E R
[ ZEF TEFRRER - IEFEARZE—#E finalize - 51 > 23 flil R MEFFAFHNTEIEZ1% - HEH
HEFETERE -

|

12 e — {18 5 i BE YU SPM D e F & 31 -

Rds


http://stat-computing.org/dataexpo/2009/

Y Tk R 2RAASUR. bz BRI 2R - BePI SRS (e RIE A Y R A U LU PRI Sk AR 2R

suppressPackageStartupMessages (library (pbdVMPT) )

init()

if (comm.rank() !=0) {
data. src <- bzfile("~/data.bz2")
airline <- read.csv(data.src, stringsAsFactors = FALSE)
saveRDS (airline, "~/data.Rds")

}

barrier ()

comm.print ("Finish!")

finalize ()

MR BB EE A AGREIR T ? T LU suppressPackageStartupMessages ZR[Eji# AGHE.

BN ZFER T barrier Al comm. print FI{EREY - barrier E—{E{EFEZFAYLE - TEHECR 23 {# R
instances #ETTEIE—1T.21& » A GFEE TEIT - Bl master [N R~ RIECERIESE - #LE — S FRAVETH
“finish" 12 #£ finalize ZLEMVIFATA - MIHMEY node & Al FIFAYEAN SR E E &kt -

comm. print E—{ERTEAE - HEERIEN node(THa/Emaster) E[IEHEE] stdout - FEimA A &R AT
i (S P L Y -

EE K EAR BRI > FTDARZ A ISR A R H H— B EAS S s B - HEHEL A -
Count Instances

EBRRMAE - TEESFRAZVEER/IL |

suppressPackageStartupMessages (library (pbdMP1))
init()

if (comm.rank() !=0) {
airline <- readRDS ("~/data.Rds")
n <- gather (nrow(airline))

} else {
n <- gather(0L)

}

comm.print(n)

finalize ()

RFNEZCAEFGE SPMD #utsis 1 » tha] LI AT BUZERR |- master LIS node SEHUT B Z 7 47HY Rds

R -



gather (REIEFHEENIYIFEERPETE—(EFFERT node - THEE master - FTLIIRFIA] LIEFIRE n Bikk
Fo—{# integer vector - {KFF{XFEH 19875 £]2008F Ay ERHEH -

gather ZHAEGLEMPIFVEEL - MPI $24Et 7552 API {it Process  [E{E RN R » SEAE=EE RN A DA AT
{EARES -
FoNE#E master (1Y gather (OL, ... oy OL 25 1 (RFEFENIYREE A nrow (airport) Z88% > OL &%

FrAa NEHERTEHEE 2T - AR - gather ] LIFETE buffer - g o (ARH IR HFHYH
J3 > i Lotk pbdMPL A EHAYERTE © 2RI (A buffer R/ NG » AREIENPIEREA — 20

buffer <- integer(23)
if (comm.rank() !=0) {
n <- gather (norw(iris), b)
} else {
n <- gather (0.0, b)
}

A C APL fygtzRsf ez | |

Error in gather (0, b) :
REAL() can only be applied to a ’numeric’, not a ’ integer’
Calls: gather —> gather —> .Call

Execution halted

pbdMPI [ T £2(4t 5 (&K API (& BB E AR 4 —fiery R (EHE 241 > iRt a GERE Y &SR
MR - R AERSER AN 2= -

At A sie - HFIEZE BT -

COMM. RANK = 0

[[1]]
[1] 0

[[2]]
[1] 1311826

[[3]]
[1] 5202096

[[4]]
[1] 5041200

gather THEIEIERPGET] list Zrp > (EHIETHE ERBAEAD integer vector HYgE > AILAfIE unlist =
TRUE J5{E2% -



Sum Instances

PRI MIARET R 22 SFARILA 2/ V&R - (18 2 B RATRIEIE L ARAVEE NG 2 A AN R 23
B EIS RN -t a] DU P22 —(E ek -

suppressPackageStartupMessages (library (pbdMPI))
init()

if (comm.rank() !=0) {

airline <- readRDS ("~/data.Rds")

n <- reduce(nrow(airline), op="sum")
} else {

n <- reduce (0L, op="sum")
}

comm.print(n)

finalize ()

B 4EAYE reduce » EATA R instance (T reduce 1% - REF MG E —(ESE(FIEREE| master >
master F{{KIE op AYFETAESBHEEL BRI AR - WEt/EER > reduce [k gather 27 —{EENE - B (EF{ERILA
B op ZAZEH] o

At L2 fVAE UGB slaves L H O F FERIE %S > AM&(0I#ER4S master 1% - master FHiN4A -

COMM. RANK = 0
[1] 123534969

Training
PEERIPIAR I — T BRI ES A/ B R (RTE ?
B ELT - FAGHAE -

#! Jusr/bin/Rscript

# author__ = "Wush Wu"
# __copyright__ = "© 2013, Wush Wu"
# _ license__ = "GPL 3.0"

suppressPackageStartupMessages (library (pbdVMP1) )
suppressPackageStartupMessages (library (Matrix))




start. time. all <- start.time <- Sys.time()

init()

if (comm.rank() !=0) {
data <- readRDS ("~/data.Rds")
print (sprintf ("nrow(data): %d (from %d)", nrow (data), (1987:2008) [comm.rank()]))

if (comm.rank() !=0) {

}

barrier ()

comm.print (sprintf ("Loading time: %0.2f secs", difftime(Sys.time(), start. time, units="secs")))
start. time <- Sys.time ()

if (comm.rank() !=0) {
origin.airport <- unique(data$Origin)
} else {
origin.airport <- character (0)

origin.airport <- allgather(origin.airport, unlist=TRUE)
origin.airport <- unique(origin.airport)
comm.print(origin. airport)
invisible (gc())
comm.print("encoding training data...")
if (comm.rank() !=0) {
train. data <- data.frame(
y = (data$ArrDelay > 60),
origin = factor (data$Origin, levels=origin.airport)
)
rm(data)
invisible (gc())
}
barrier ()
comm.print (sprintf ("Encoding time: %0.2f secs", difftime(Sys.time(), start. time, units="secs"))
start. time <- Sys.time ()

comm.print ("constructing model matrix...")
if (comm.rank() !=0) {
X <- sparse.model.matrix(y "~ origin, train.data)
y <~ train.data ![](../timg/abab5b42ec8f. jpg) y)]
} else {
X <= NA




y <= NA
}
X. size <- reduce (object.size(X), op="sum")
y.size <- reduce (object.size(y), op="sum")
comm.print (sprintf ("Encoded data needs about %f GB", (y.size + X.size) / 2 30))
comm.print (sprintf ("Constructing time: %0.2f secs", difftime(Sys.time(), start.time, units="secs
start. time <- Sys.time ()

if (comm.rank() !=0) {
x. name <- colnames (X)
} else {
x.name <- character (0)
}
x. name. list <- gather (x. name, unlist=FALSE)
if (comm.rank() ==0) {
x.name. list <= x.name. list[-1]

stopifnot (

all (sapply (1:length (x. name. 1ist), function(i) all.equal (x.name.list[[1]], x.name.list[[i

)

x.name <-— x.name. list[[1]]

FUN <- 1L

GRAD <- 2L

HS <- 3L

DIE <- 4L

action flag <- OL

sigma <- function(x) {

1/(1 + exp(-x))

mpi fun <- function(w) {

if (comm.rank() ==0) {
action flag <- bcast(FUN)
w <- bcast(as.numeric(w))
regularization <- sum(w 2)/2
retval <- reduce(as.numeric(regularization), op = "sum") [1]

} else {
w <<- bcast(w)
retval <- sum(log(l + exp(ifelse(y, -1, 1) * as.vector (X %*% w))))
retval <- reduce (as.numeric(retval), op = "sum")




retval

mpi grad <- function(w) {
if (comm.rank() ==0) {
action flag <- bcast(GRAD)
w <~ bcast(w)
regularization <-w
retval <- reduce(regularization, op = "sum")
} else {
w <<- bcast(w)
y.value <- ifelse(y, 1, -1)
x <-y.value * as.vector (X %*% w)
d <<- sigma(x) * (1 - sigma(x))
retval <- as.vector(((sigma(x) - 1) *y.value) %*% X)
retval <- reduce(retval, op="sum")

}

retval

mpi Hs <- function(unused, w) {
if (comm.rank() ==0) {
action flag <- bcast(llS)
w <~ bcast(w)
regularization <-w
retval <- reduce(regularization, op = "sum")
} else {
w <<- bcast(w)
retval <- as.vector (t(d * (X %% w)) %% X)
retval <- reduce(retval, op="sum")

}

retval

mpi finalize <- function() {
finalize ()
quit("no")

if (comm.rank() !=0) {
w. size <- ncol (X)
} else {

w. size <- 0L




w.size.all <- gather(w.size, unlist=TRUE)
if (comm.rank() ==0) {

w.size <~ w.size.all[-1]

w. size <- unique (w. size)

stopifnot (length (w. size) == 1)

if (comm.rank() ==0) {
stopifnot (require (HsTrust) )
obj <~ new(HsTrust, mpi_fun, mpi_grad, mpi Hs, length(x. name))
r <- obj$tron(0.001, TRUE)
} else {
while (TRUE) {
w <-rep(0, w.size)
action flag <- -1L
action flag <- bcast(action flag)
if (action flag ==DIE) {
mpi_finalize ()
}
if (action flag == FUN) {
mpi_fun (w)
}
if (action flag == GRAD) {
mpi_grad (w)
}
if (action flag ==HS) {
mpi_Hs (w, w)

action flag <- bcast(DIE)
finalize ()

print (sprintf ("Training time: %0.2f secs", difftime(Sys.time(), start. time, units="secs")))
total. time <- as.numeric (difftime (Sys.time(), start.time.all, units="secs"))
print (sprintf ("Total time: %0.2f", total. time))

save(r, x.name, fie="~/r.Rdata")

3£t 7T b1 BN 8 node:




mpirun —np 2 ——hostfile ~/pbdMPI. conf Rscript xxx.R

BREAT LIS H ST 1987 SEHVERHREAAVEE —iE - o] IR A ie &R 2 Abug -
Ealt AR ST PL TRy

o %56/\ EHif
GRS
o HiHEFE R AV
o alltogetheriEFTAWEH 1] LG FIFTA RIS
o EESEEIIREARNE, factor
IB ARG 455 2 4=model matrix
° AEARREIHLIVGEREE—H
EFmpi fun, mpi gradfiimpi Hs
{88 Ftrusted region optimization
LTINS

BORFARKS

RS ERTE RIS A —E 20 A —20& 2L logistic regression (YEERAN B AR - AT Pt iEE
oy o FAERNEARFZ VTR » 41 unique Al factor w] LIEEBIFATE ERHELRLS -

mISHIEE A - FEEER

I:l:l //SAN// //SFO// //BUR// //OAK// I/LAX// //PHX// //SJC// //LAS// //SNA// //SMF// //ABQ// //MFR//

RIFHIER] 1, 2, 3, ... FRE - SEEERRG - BOEFTAERE 20 bl ga ¢
o S FEERERATIS

if (comm.rank() !=0) {
origin.airport <- unique(data$Origin)
} else {
origin.airport <- character (0)

* alltogetherfyAIAMATHIM48/gather —£F » ZHIFEHA Higmaster - ZRTARVERES 1| LIEFIGER -
Bt AR L H] LAE C R AT A RIS A TRLLEE |

origin.airport <- allgather(origin.airport, unlst=TRUE)

o GEEREIIRELRNS ¢ factoriB(EE - HEMESICFTANERIGRIER], 2, 3, ... » ZMEBFTA VBRI
FlllevelsZz @

origin.airport <- unique(origin.airport)



if (comm.rank() !=0) {
train. data <- data.frame(
y = (data$ArrDelay > 60),
origin = factor (data$Origin, levels=origin.airport)
)
rm(data)
invisible (gc())

Model Matrix f1 formula

PSRRI S FrAI{MER] Sparse Matrix ziKfi; Model matrix DAETEECIEAE « IKIBARIHAEER - JLUEM
sparse. model. matrix ZRE4EHRY model matrix:

y ~ origin /& R {£f regression-ike modeling iz F it F R BUER A BAGAIRYIE - LU formula « 24 v

T origin FYEEREE ¢
R
Y=0a+0¢regen OTGIN+E

TR REA Y - BEGERAR - e (H2% ¢ train. data - FAPIHIEEEALE In ~ glm Al
model. matrix > &ZJE plot fl aggregate FEHLAILIA formula < ERIFEITHEN—ELTH -

X <- sparse.model.matrix(y ~origin, train.data)

PRIGHER, > B KRS RIVEERE G 2

if (comm.rank() !=0) {
x. name <- colnames (X)
} else {
x. name <- character (0)
}
x. name. list <- gather (x. name, unlst=FALSE)
if (comm.rank() ==0) {
x.name. list <- x.name. list[-1]
stopifnot(
all (sapply (1:length (x. name. 1ist), function(i) all.equal(x.name.list[[1]], x.name.list[[i]
)

x. name <- x.name. list[[1]]

FEHEH colnames (X) Kighg - [EZEF OB EHRHKAVEZE—5 - stopifnot B—(EF HAvRERRE - K2
HEHY2EA FALSE » REEEARMSER - AME ERERE - NF)2 AP finalize HRH{R - openmpi =15
HUIEHAMATA R 2 - 2ot |



EF mpi fun, mpi grad fl mpi Hs

ARENETHRY T -
AR E — NI = A EEE T

. f(w) — %WTW—I—ZH:ﬂ@g(l{—e_yf{wTﬁé_i_b})
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mpi fun <- function(w) {

if (comm.rank() ==0) {
action flag <- bcast(FUN)
w <- bcast(as.numeric(w))
regularization <- sum(w 2)/2
retval <- reduce(as.numeric(regularization), op = "sum") [1]

} else {
w <<~ bcast(w)
retval <- sum(log(l + exp(ifelse(y, -1, 1) * as.vector (X %*% w))))
retval <- reduce(as.numeric(retval), op = "sum")

}

retval




e masterZregularization: Ewﬁ.
1
T=1

= T +b
o sEsevestizitEaCF L Y log(l+e y(w? :') i
7

sum(log(1 + exp(ifelse(y, -1, 1) * as.vector (X %*% w))))

ifelseis il ETMy{E TRUE/FALSEEE AR, -1

* fxfkmasterE B2 FHEGE R I -

retval <- reduce(as.numeric(regularization), op = "sum") [1]

RTEE T A2 2B —(EE RS - TR LEEX T E SR 0 BF sum(log(l +
exp(ifelse(y, -1, 1) * as.vector (X %*% w)))) » REIEFEEZLEEZIE?

B Vi HUELE
viRY 5 RP

FTLER AR EEHEMSH—HROEE T - FUEER:

Vi(w)= w—l—Z( _y T, -1y, =,

i=1 1

HEWM f —%  ARSEES (T RP >t 5] master S FEAEII—ZERATLLT -

mpi grad <- function(w) {
if (comm.rank() ==0) {
action flag <- bcast(GRAD)
w <- bcast(w)
regularization <-w
retval <- reduce(regularization, op = "sum")
} else {
w <<~ bcast(w)
y.value <- ifelse(y, 1, -1)
x <-y.value * as.vector (X %*% w)
d <<- sigma(x) * (1 - sigma(x))
retval <- as.vector(((sigma(x) - 1) *y.value) %*% X)
retval <- reduce(retval, op="sum")

}

retval




EE—EIYE > 72 UBLINEAR fYE/EHFHY/ Nl © d <<= sigma(x) * (1 - sigma(x)) - i2%5:#%52 Hessian
1% PR -

B w25 NEA

Hessian HEZ(E pxp BN - EEREX - [l H feature t RISz - i2(E Hessian 8% &4 REE © 1M
LIBLINEAR #7 Trusted Region fY&E{F > i A FEEHFET f(w) , DL W72 f(w)s X o i LIS

w > —ERFTEY pygrad 89w —H -
[FUIE 2 1E

* Vi f(w)=I+CX"DX

* Py=— 1 Tt.

SEHAERE R w AU D, ?H5t Trusted Region AYE{ERVRHE - BTBARFHE D, (V5
BEE] mpi grad 2o > WL EMIFIEEE]AT - d <<~ sigma(x) * (1 - sigma(x))

MmERNTrE - FiEEEiE
T X1
[;XTI’JXT }I)[;¥T2]
25 |
AR IErGs) > SEEERREE X T D, X s ° Rk master IAHEARTAT -

FTEUL R -

mpi Hs <- function(unused, w) {
if (comm.rank() ==0) {
action flag <- bcast(HS)
w <~ bcast(w)
regularization <-w
retval <- reduce(regularization, op = "sum")
} else {
w <<~ bcast(w)
retval <- as.vector (t(d * (X %*% w)) %*% X)
retval <- reduce(retval, op="sum")

}

retval




‘ }

XT D, X ;s HRRLZ t(d (0% W) %% X FIEER - Y v SRR s -

i B AR

FAR | Trusted Region HYER ST » e REEHVEL 7T > EH 7T 2204 LIBLINEAR FUFZ 0B - thEbEsi - HHiE
B O BT RS mpi fun ~ mpi grad 8 mpi Hs > MiatEASE v —UHTEHRTE -

AT LA IR AR RLE

Master

Trusted Region
Kernel
determine action_flag
determine w

Action:
mpi_fun

mpi_grad

mpi_Hs

Slave

/bcast action_flag j’f V/receive action_flag ﬁ\

3
T s U
: '

Evaluate Regularization Evaluate mpi_fun, mpi_grad or mpi_Hs

/reduce evaluation % ;'; reduce evaluation /

l

[~Return result to kernel Waiting next action L

fslavesiit & H ZE&RF master &4 ¢

1. :HEMENE > thEt/Zaction flag
2. STEMSE > EiEw < bcast(w)

P& P reduce JESERERL o H master [a[{#EH0 - [ slhves HYEEEE 2 A ERE -



sTRAVERET - EHEEZGET

iter 1 act 6.290e+05 pre 5.622e+05 delta 2.101e+00 f 8.930e+05 |g| 6.073e+05 CG 1
iter 2 act 6.752e+04 pre 5.666e+04 delta 2.101e+00 f 2.640e+05 |g| 1.312e+05 CG 1

ERLRATREE - LIBLINEAR MRG0 CIEOB T - S5—%0I9 npi_fun (B g 93105 @ "i grad )
SERMEREITE g 073105 M Trusted Region 5 mpi Hs 57 1 K(CG HEIMB A A HEI T —(d
‘-

wWE

LU EFEEH 23 {E cl.medium #fHHARETAE R -

[1] “nrow(data): 1311826 (from 1987)”

NULL

COMM. RANK = 0

[1] “Loading time: 6.10 secs”

COMM. RANK = 0
[1] ”“SAN” ”SFO” “BUR” “0AK” “LAX” "PHX” ”SJC” “LAS” ”SNA” ”“SMF” ”“ABQ” ”“MFR”
[13] ”“SCK” “MRY” “TUS” ”“EUG” ”“SEA” “RDM” ”“PDX” ”“RNO” ”“ONT” ”“CCR” “FAT” "LGB”
[25] “PSC” “YKW “BL1” “GEG” ”JFK” ”STL” ”HNL” “MIA” ”“SJU” “DEN” “CVG” “DCA”
1371 “DTW “SYR” “LGA” “B0S” “PHL” “TPA” “MCO” "MKE” “TAD” “CMH’ ”ORD” “PIT”
[49] “EWR” “HOU” “SAT” “DAY” ”IND” “FLL” “BNA” “CLE” “DFW’ “BWI” ”ORF” ”COS”
[61] “MCI” “LIT” “TUL” ”BDL” ”SLC” ”SDF” ”“TAH” ”JAX” “PSP” “ANC” “MSY” “OMA”
(73] “RSW” “SRQ” “1CT” ”ATL” “MDW’ “AUS” “MSP” “PBI” “OKC” “MLI” “MSN” “CLT”
[85] ”“DSM” ”“RDU” “FSD” ”“PIA” ”SGF” ”“LEX” ”“CM1” ”CID” ”“SUX” “TOL” “LNK” “MDT”
[97] “ALO” “RST” “MEW’ ”0GG” “FAT” “KOA” “ROC” “MBS” “LIH” “SBA” ”ALB” “GSO”

[109] “GRR” “BIL” “BHW “CAE” "MHT” ”ELP” ”TYS” ”JAN” ”"BFL” "HSV” “SAV” "BGR”

[121] “PWM” “ABE” ”“BO1” ”“CAK” “GTEF” ”“BUF” ”“CPR” “BTV” ”“ISP” ”“RIC” “CHS” "PVD”

[133] “RAP” “CRW” “FAR” “HPN” “FOE” “ILM” “RDD” “LMT” ”“ACV” ”“ILG” “DAL” “LBB”

(1451 “AMA” “CRP” “HRL” “MAF” “TLH” “GSP” “PNS” “MOB” “AVP” "GNV’ ”STT” "STX”

[157] “DAB” “MLB” “DRO” “GJT” ”PUB” “GCN” ”FLG” “YUM” ”“GRB” “AZ0” "ER1” “FWA”

(1691 “BIS” “MOT” “GFK” ”“VPS” “BZN” “DLH” ”"LSE” "EAU” “ATW’ “SBN” "LAN” “MSO”

[181] “MGM” “BTR” “SHV” “CHA” “GPT” "PFN” ”CWA” "ROA” "FAY” “AVL” “OAJ” "HTS’

(193] “TRT” “LYH” “MYR” “ENT” ”AGS” “ORH” “CHO” ”TSO” “EVV” “UCA” ”APF” “EYW’

(2051 “BGM” “ITH” “ELM’ “LFT” “GUM” “YAP” “ROR” ”SPN” “MFE” “MLU” ”CSG” “FCA”

[217] “HLN” “IDA” “JAC” ”JNU” “BIM” “PIE” ”“TVL” “PHF” “BET” “OME” “0TZ" ”SCC”

(2291 “KIN” “CDV” “YAK” ”SIT” ”PSG” “WRG” “GUC” "HDN” “PIR”

COMM. RANK = 0

[1] “encoding training data. ..

COMM. RANK = 0

[1] “Encoding time: 1.04 secs”

COMM. RANK = 0

[1] “constructing model matrix...

”

”




COMM. RANK = 0

[1] “Encoded data needs about 0.100643 GB”

COMM. RANK = 0

[1] “Constructing time: 7.52 secs”

Loading required package: HsTrust

Loading required package: Rcpp

iter 1 act 6.290e+05 pre 5.622e+05 delta 2.101e+00 f 8.930e+05 |g|
iter 2 act 6.752e+04 pre 5.666e+04 delta 2.101e+00 f 2.640e+05 |g|
iter 3 act 1.004e+04 pre 8.876e+03 delta 2.101e+00 f 1.965e+05 |g|
cg reaches trust region boundary

iter 4 act 3.455e+03 pre 3.842e+03 delta 2.101e+00 f 1.865e+05 |g| 7.325e+03 CG 2
cg reaches trust region boundary

iter 5 act 1.077e+03 pre 1.035e+03 delta 2.240e+00 f 1.830e+05 |g| 3.475e+03 CG 4
cg reaches trust region boundary

iter 6 act 3.777e+02 pre 3.796e+02 delta 2.454e+00 f 1.820e+05 |g| 9.663e+02 CG 4
[1] “Training time: 47.22 secs”

[1] “Total time: 61.88”

»

.073e+t05 CG 1
.312e+05 CG 1
.630et04 CG 1
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http://cran.r-project.org/web/packages/RMessenger/index.html
https://bitbucket.org/wush_iis/rsus
http://www.cs.sfu.ca/%7Ejpei/publications/MISQ_ICDE12.pdf
http://www.cs.sfu.ca/%7Ejpei/publications/MISQ_ICDE12.pdf
http://www.cs.sfu.ca/%7Ejpei/publications/Shortest%20Unique%20Substring%20Queries%20ICDE13.pdf
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//Master code

/************

Created 2012

by ¥fE2£E2 Hsu Chao-YI

E-mail: ps2steve2005@hotmail.com




This code is use for communication between BT and BT with each arduino board
***********/
char cometemp;
void setup() {
Serial3. begin(9600) ;
Serial3. print ("$$$") ;

delay (100) ;
Serial3. println("SM,1");
delay (100) ;
Serial3. println("C,00066648548F") ;
delay (100) ;
Serial3. println("---");
}

void loop () {
if(Serial3. available())

cometemp = Serial3.read();
if (cometemp ="y ) {
autosend () ;
}
else {
Serial.print ("Can't no find the bluetooth device.") ;
Serial. print ("Try again after 5 seconds..") ;
delay (5000) ;
Serial3. print ("$$$") ;
delay (100) ;
Serial3. println("SM,1") ;
delay (100) ;
Serial3. println("C,00066648548F") ;
delay (100) ;
Serial3. println ("---") ;
}
}
}
void autosend () {
Serial3.print(a’);
Serial. print ("Senta. ") ;
delay (300) ;
Serial3.print(s’);
Serial. print ("Sents. ") ;
delay (300) ;
Serial3.print(Cd’);
Serial. print ("Sent d") ;




delay (300) ;
}

TR

e Serial.available() - serial gzl S

® & - {KHE RNA2 BT S8HE R Adr o=

® SM, <5,4,3,2, 1, 0> -g%E FhEE A HEAH AV
o (O=shkve, 1=master,2=trigger, 3=auto, 4=DTR, 5=ANY)
o Example : “SM, 1" 5% BE IHHAH Fymasteriy

* C, <address> -3¢E S5 E LBCEAVE A 154H, address fy 554 h—ImHymacfiz il
o - -BEEAm ST exit command mode

¢ Serial.print() -

o print BPY FEr serial Bl > R R RHVEE A 1H4H ZHEAE SerialB Ml Ry IS print SEPE4SHLE pin Bl L

FITHRAYERTY 5t H 2k Serial.print
o JEHATN(ESerial(Serial, Serial3) (i FiSerializ: K B AHEEAE serial monitor I+ o] DUEET:
* Serial.printin() - R Serial.print —#% - H2% THATHILIAS -
* SeriaB.read - :EHISerial3 flfz FEUEINTE R
o delay() - () #EETER BEZR , —F)=1000 ZF) FHEZ delay —F) 5t delay(1000)

//Slave code

/************

Created 2012

by FEZ£E%E Hsu Chao-YI

E-mail: ps2steve2005@hotmail.com

This code is use for communication between BT and BT with each arduino board.

FARAFAAAFAKK |

int ledPin= 13;

char cometemp;

void setup() {
pinMode (1edPin, OUTPUT) ;
Serial. begin(9600) ;
Serial.print ("$$$") ;
delay (100) ;
Serial.println("SM,Q") ;
delay (100) ;
Serial. println("---") ;

}

void loop ()

{

if( Serial.available())

{

Serial.print(Cy’);

cometemp= Serial.read() ;




b

switch (cometemp) {
case a:
for(int i=0;i<=5;i++) {

digitalWrite(ledPin, HIGH) ;

delay (400) ;
digitalWrite (ledPin, LOW) ;
delay (300) ;}
break;
case s:

digitalWrite (l1edPin, HIGH) ;

delay (5000) ;

break;
case d:

digitalWrite (ledPin, LOW) ;
delay (5000) ;

break;}

- EEFAACHAVEER gAUERI%
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e Wireless communication with PC and Arduino board using bluetooth
e Roving Networks Bluetooth™ Product User Manual (PDF)
¢ Arduino Mega 2560

[ASCEE RoaTaERE - R8RSy ¢ http://choyihsu.blogspot.tw/2012/12/arduino.html » FRBREEmGRH RN AL
st ]


http://playground.arduino.cc/Learning/Tutorial01
https://www.sparkfun.com/datasheets/Wireless/Bluetooth/rn-bluetooth-um.pdf
http://arduino.cc/en/Main/ArduinoBoardMega2560
http://choyihsu.blogspot.tw/2012/12/arduino.html
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