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[Int] -> Int
head ([0..] \\ xs)

minfree ::
minfree xs =
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accumArray f init indexs xs
= array indexs (map (\(a,b) -> (a,f init b)) xs)
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makeChecklist :: [Int] -> Array Int Bool
makeChecklist xs = accumArray (||) False (0,n) xs’
where
xs’ = zip (filter (<= n) xs) (repeat True)
n = length xs
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minfree = length . takeWhile id . elems . makeChecklist

*Main> :t makeChecklist

makeChecklist :: [Int] -> Array Int Bool

*Main> makeChecklist [3,8,4,0,6]

array (0,5) [(0,True),(1,False),(2,False),(3,True), (4,
True) , (5,False)]
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minfree3

= length . takeWhile (/= 0) . elems . makeCountlist

makeCountlist :: [Int] -> Array Int Int
makeCountlist xs = accumArray (+) 0 (0,n) xs’
where
xs’ = zip xs (repeat 1)

n = maximum xs
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(asUbs) —cs = (as —cs) U (bs — ¢s)
as — (bs Ucs) = (as — bs) — cs
(as —bs) — cs = (as — cs) — bs
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head ([0..(b-1)1 \\ us) ++ ([b..]1 \\ vs)
where (us,vs) = partition (< b) xs

minfree xs =
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WIZ, head (xs++ys) ZEFRT D.

head (xs++ys) = head (if null xs then ys else xs)

TH5D (null (FZD Y A M THIITEZET).

if null ([0..(b-1)] \\ us)
then head ([b..] vs)

else head ([0..] us)
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Int -> [Int] -> Int
head ([a..] \\ xs)

minfrom ::
minfrom a xs =

ZHEFH LT ninfree RO LI IZEFRETE B,

minfree = minfrom O
where
minfrom a [l = a
minfrom a xs
| length xs == b - a

= minfrom b vs
| otherwise =

minfrom a us

where (us,vs) = partition (< b) xs
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b=a+1+n ‘div‘ 2
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minfree xs = minfrom 0 (length xs, xs)
where
minfrom a (_,[]) = a
minfrom a (n,xs)
| m == b - a = minfrom b (n-m,vs)
| otherwise = minfrom a (m,us)
where
(us,vs) = partition (< b) xs
b=a+1+n ‘div‘ 2
m = length us

2.6 =

RN L2 2 DO IFIERAR Y ITRIERE TR 2 D0 E E
WLUTHD., FOLIZ, WOX I AL L BAEEER L.

main = do
[op]l <- getArgs
xs <- fmap ((fmap read)
start <- getCurrentTime
case op of
"1" -> putStrLn $ show $ minfreel xs
"2" -> putStrLn $ show $ minfree2 xs

. words) $ getline



"3" -> putStrLn $ show $ minfree3 xs
end <- getCurrentTime
putStrln $ show $ (diffUTCTime end start)
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MEMS & Micro Electro Mechanical System O T
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3.3 DMD(Digital micromirror Device)

TVEBUVEEY a ey X —, 10FFiE T D
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ROS(Robot Operationg System) Z il Lk e 7= &

NN
[FL&HIZ
ASE ublis!
RIS BT ET rR I v b a Ry k& Bk % i Publish
Fro T, MFEEBHIEHC>TH L, AN b RO L -
7o p— L BRSO TERRAE, AEIZROS )Ry < Fee

FHI PV Y =7 2R LROTOTENE T LDOFE LT,

1 Robot Operating System

70S” £ & Windows « Mac & B ENR D LV E
T ZOROSIFZEDOS” TIEARL, vy P AT A
AT HZ LR L2 Ry =7 CF, 2D TOS &
WO ED b, ARTOEY TaRy FBFICIW TR 2 B%
BETCHHEXLILBOTA T IV ET TV r—vars
FLOLY =V LWVWHAA=DTT, LinbA—T7 YV —
ARIRDTINMNBIENTHROS DT 7'V r— a3 3~
THERLCME 2 F97, X LTV D REIXFEARMIZ Ubuntu
T, Ubuntu ®/N— =3 >3 14.04, ROS IZ lindigo] %

fERLE L7,

-
N —

2 oRy FARBEAKELTOROS

BEPLELZORY NVATLERETLEXICHOAED
ROFIN—RT =7 ZL 0 APIREER & OBRREEOE
T4, ROSIZTNDLDHELDHEFERLE ARy MIH@ED
TAT7 7V ERELTINET, IP 7 RLATBAEWZ#
BL., 2Ry OB —%2—2D Node & LTHW, A
T — (msgs) Z55%(5 LE T, Publisher TIHEHMAFE(E L

Subscriber TZIFTH %, Z OO, EZIEDZHD
REZSFNUERIC Y 7 h 7 =7 T Hb DRy & H)
NEDHDTT,

geometry_msgs:: Twist

g

¥ A 1%

geometry_msgs::Position

X 1: ROS DA vE— 0, Twist T HIEK
Position TRy FOBHONLEZIEK L TW5D,

12

Arduino API
B85 C++
IPFELA - 2222..

iRobot Create
=38 : MATLAB
PP FLAR T .,

Pepper
=358 : Python
IP7RLX @ yyyy..

=

4 2: ROS DidfE

5T Pepper {2 &5t L7,

3 ROS #f{# 5 f- arduino & D@EE

X - %< ROS #f# - T Ubuntu ® Terminal & arduino
THEEZLTCLIAIEZLTAET, I3DLH>RT7mr T
LEEESELE,

pr—

“toggle_red”
std_msgs::Empty Ubuntu

Terminal

STORIEAT

Topic

“toggle_red”
std_msgs: Empty

“chatter”
std_msgs::String
"Blink LED for 5 seconds"

3: Terminal 7>5 %2 A v & —® Empty % Publish L.
arduino 7% Subscribe 92 & 13 % > LED 28 5 # M AT
L. ”Blink LED for 5 seconds” & Publish 9%



Ubuntu T arduino IDE # & L, Fieda— K% ar-

duino ICEZ AL E T, FiklE C++TT,

1 |#include <ros.h>

2 |#include <std_msgs/Empty.h>

3 |#include <std_msgs/String.h>

4|//ROSDF A 7 TV

5

6 | ros::NodeHandle nh;

7|//arduinofl ®Node% £ %

8 | std_msgs::String str_msg;

9|//ROSDStringZ JADA VAKXV RAERH

10 | ros::Publisher chatter ("chatter", &
str_msg);

11|//PublisherZ 7 AD A VA X A EFH

12 | char messageLED[] = "Blink LED for 5
seconds";

13

14 | void messageCb( const std_msgs::Empty&
toggle_msg){

15 str_msg.data = messageLED;

16 chatter.publish( &str_msg );

17 | //str_msgZPublish (¥ 1E) T %

18 digitalWrite (13, HIGH);

19 delay (5000);//5 % [l LED 47T

20 digitalWrite (13, LOW);

21|}

22

23 | ros::Subscriber<std_msgs::Empty> sub ("
toggle_led", &messageCb );

24

25 | void setup()

26 | {

27 pinMode (13, OUTPUT);

28 nh.initNode ();//R0S®DNode ® ¥l # 1k

29 nh.subscribe (sub);

30 nh.advertise (chatter);

31|}

32 | void loop ()

33 | {

34 nh.spinOnce ();//Subscribe (Z ) ff b

35 delay (1);

36 |}

FNTIEZ o7 eI AEx#)LTW&E 9, Ubuntu ®
terminal & 4 O3 H EiF, 1 20T

roscore
2O®DIZ
rosrun rosserial_python
serial_node.py /dev/ttyACMO
3DODIZ

rostopic echo chatter

-
—

EFTBIAAFE T, roscore X Node M CilfE & T 57291
ROS #3ih Eif 52~ KT, 29H® =+ Rifarduino
VU TINBEER DD EEDa v R (FAD arduino (%
/dev/ttyACMO IZAR— 23D £ 9) TY, 3H0Da~vy
R1ZIXI 3 @ topic [Z” chatter” &\ 9 44 C Publish(i4(8) &
NeborRRTHaA~v L RTT,

13

[N

FLTHRED 42D terminal %> T LED Z¥5+8
F9, arduino £ DEEIL 2 2D~ RTEEH->TW
HDOT, 42D terminal IZLL T a~<> REFTHIALE
LXo,

rostopic pub toggle_led std_msgs/
Empty —once

Z T Ttopic 127toggle_led” & V™ 9 std_msgs/Empty 5!
DZERX - —T % [ Publish(%8) 5] L\Woavw R
TY, ZlFEDY—ZX=3— XY arduino (T nh.spinOnce()
C Subscribe(%Z13) fFHOIRAEL 72> TV T, USBDO Y
T VIE(E T Z DZEA v —T % arduino 7% Subscribe(515)
T 5L a— Ny 7 B messageCh() D3RRI DR A &
TR TWET,

a— /L3y 7 B messageCb() TlE. chatter.publish()
D3RI Blink LED for 5 seconds” & topic 12 Publish(i%
B) LEd, 0% 13K D LED % 547 &8T5 B#%
WZAHAT L, B B4R TR O nh.spinOnce() DA H
RRBIZRY £,

T3 oDty 8 ) 1612 8

060 ubuntu@ubuntu-VirtualBox: -

@‘ ubuntu@ubuntu-VirtualBox:~$ roscore ubuntu@ubuntu-VirtualBox:~$ rosrun rosserial_python|
... logging to /home/ubuntu/.ros/log/1fcceb54-851c serial_node.py /dev/ttyACMO

g nch-ubuntu-VirtualBox-2751. log [INFO] [WallTime: 1446886323.400081] ROS Serial Pyt
_ Checking log directory for disk usage. This may tehon Node

) Press Ctrl-C to interrupt [INFO] [WallTime: 1446886323.407214] Connecting to
Done checking log file disk usage. Usage is <1GB. /dev/ttyACMO at 57600 baud

[INFO] [WallTime: 1446880326.144219] Note: publish

:buffer size is 280 bytes

[INFO] [WallTime: 1446880326.144776] Setup publishe

r on chatter [std_msgs/String]

[INFO] [WallTime: 1446880326.148671] Note: subscrib

e buffer size is 280 bytes

[INFO] [WallTime: 1446880326.149139] Setup subscrib

ir on toggle_led [std_msgs/Empty]

started roslaunch server http:
a ros_comm version 1.11.13

SUMMARY
S==1 pARAMETERS
* Jrosdistro: indigo
* [rosversion: 1.11.13

I0DES

uto-starting new master
process[master]: started with pid [2763]
ROS_MASTER_URI=http:

setting /run_id to 1fcceb54-851c-11e5-92a9-0800275
process[rosout-1]: started with pid [2776]
= started core service [/rosout]

4: ROS O 6 BT

Jbuntu@ubuntu-VirtualBox:~$ rostopic pub toggle_led std_msgs/Empty --once
’) sublishing and latching message for 3.0 seconds
Jbuntu@ubuntu-VirtualBox:~$ rostopic pub toggle_led std_msgs/Empty --
Jublishing and latching message for 3.0 seconds
Jbuntu@ubuntu-VirtualBox:~$ rostopic pub toggle_led std_msgs/Empty --
R ublishing and latching message for 3.6 seconds
Jbuntu@ubuntu-VirtualBox:~$ rostopic pub toggle_led std_msgs/Empty --
g dublishing and latching message for 3.0 seconds
‘ Jbuntu@ubuntu-VirtualBox:~$ rostopic pub toggle_led std_msgs/Empty -
Jublishing and latching message for 3.0 seconds
‘ Jbuntu@ubuntu-VirtualBox:~$ [|
0 257 ubuntugubuntu-VirtuslBox -
ubuntu@ubuntu-VirtualBox:~$ rostopic echo chatter icloxES " ” I
| data: Blink LED for 5 seconds topici=& 5N B chatter =
a data
oS ..

data

once

Empty%Z
&5t50E
PublishU7z

once
once

-once

: Blink LED for 5 seconds topiclT

astsel
Subscribe N/

Subscribed % &
LABERRICKWY)

: Blink LED for 5 seconds
data: Blink LED for 5 secqnds

data: Blink LED for 5 seconds

B4 5: terminal ¢ LED AT w143 0> Publish( |)



[N

4 ARy FRTLAGUI
77U r—232ELTDOROS

BiE CILFERIZ ROS Tarduino ¢ @EZ L CL T %
LE L, 7277, BEDOY AT AMERZATHDITR L
DHIKTY, RO TZDOEMNSIZIROS TEHIZEDTE D

FFIZ2 GUIL 77U r—a v O—E A LT £,

4.1 ¥EL T a2 L—4 Gazebo

Gazebo 1T 7V —DWHY I 2L —Z T, £<DuaRy
FDET VIR Gazebo THEATE, ROS LFHIL (7) 24
THYWESN TV A 728 ROS ITHHG LTV D &V ) BN &
Dij‘o

Gazebo
el L JES AL ]

@

®
=
—
B
=
2]
D)

6: Gazebo WO & iRobotCreate(/L > 73172 1 7R)

4.2 3D A[fR{EY—IL Rviz

Rviz 17 AR > F722 5 Publish(i45) SN TEZIFHN S
DH ORI OREEZELZ AL L ET, Z<OHBE
ZFFORR Y MIFHIATHAEAEEIC R0 £7, K7 TiX
Turtlebot &% iRobotCreate |Z kinect %o 172 (?) v
Ry bb PCL Z W BAT & 8 A G L TR OFREY)

AL L TCTWET, £/-, AT OB EEEERLE
Y HRil

k_ﬁf’)f:_'? ‘/7 kﬁ@f%ﬂ"é’ﬁ:% — & %)T%i‘é‘o

' CLICEKD

' PEEYIHETE

Kinect CE{TE

ZHBTEN
T%éﬁﬂ-—;in&u
(ERAR IO
I

X 7: kinect OYAT X E WS RIT OEEY 7L

14

4.3 Robot + Qt

Qt X~ VF 7T v b7 — 2Tk L7 GUI RIS E
Rl 7 L—bU—27 TF, 7272, FAIT Qt BETIIfE- 7=
ZEEBHY EHA, ROSIZH Z D Qt 235540 LTy T L
B S DL I RARF L RA T A X —D GUIL B\ -

D, 77 7L&ATH T ENTEET,

rqt_ez_publisher__EzPublisher

-rqt

A D

@

-0

@ | topic(+data member) name /Jrosout all clear

Jturtle1/cmd_vel/linear/x | ® A | |V | repeat @& -1.00 reset

Jturtle1/cmd_vel/linearly | ® | A | ¥  repeat & |-1.00 reset
Jturtle1/cmd_vel/linear/z | ® | A | V| repeat & |-1.00 reset
/Jturtle1/cmd_vel/angular/x @ | |A | |V | repeat & -1.00 reset
Jturtle1/cmd_vel/angular/y | ® | |A | |V | repeat & |-1.00

Jturtle1/cmd_vel/angular/z | ® | | A |V repeat @& |-1.00 reset

8 rqt CEf SN2 tr—F

5 ROS&Ewiil)EaVT
S AL—2RADILUNEFHNT

4 1a)lE Gazebo Zffi> Ty T 2 L—HNDIL 3% wii U
FarTERELCAET, 7unr 7 20MEIIK9I LD
wii U 2 AERME A S PC T H AR B & 5 H
L. FREACANZEELET,

av-
=~

[ Topic
Publish Subscribe Publish Subscrlbe
UEI> BE==D ublis “
TR BRI B ﬁiflu‘
(EEE>4) (IEEE>H) B
4
X &
o e Ubuntu
N §C acc_twist. py

=

O:wiiVEarzarybte—J|C

) y
e “'\_/er

9, wil UEa % ROS T2 TEAREHRD Pub-
lish SN TWAEERLET, wil Y Ea2L D RKTA4 %
github»HH# o —RFLTA VA M=V LET, FDHK
TRED 2~ F% terminal IZFT BIAA, 3 FLINIZ wii U
FarDlE2RZUERFICEMLLET,

rosrun wiimote wiimote_node.py

FHAZ5E T L2 558D terminal ##LEI L, Fida<r K
I BHIABZET,



rostopic echo /wiimote/state/
linear_acceleration_zeroed

-

rostopic I topic |2 Publish(#15) & T
WAHE®RAE R D 2~ KT, /wimote/state/lin-
ear_acceleration zeroed X wii U & = 7> & Publish
SNTVLHEONEE 2 RRT D3~ RTT,

10 & A 5 & =il
FEAR 7 VO HE kB 1 E
IHBED 9.8 < B WNIZA-
TWET, SEIZESIRH
geometry_msgs D %! T Pub-
lish(GEZ) S 4L TV 50
% Subscribe(%15) L TZDfE
%0 Y 7 AR L geom-
etry_msgs ! C Publish(2%/8)

echo

: 0.363209259259
: 0.377178846154
10.1838288462

: 0.363209259259
: 0.377178846154
10.1838288462

: 0.363209259259
: 0.377178846154
10.1838288462

: 0.363209259259
: 0.377178846154
: 10.1838288462

X
y
z
X
y
z
X
y
z
X
y
z

- BRSP4 (S5 A AN S
Bwdk o T,
4 10: wii V&35
BT I E

1| import rospy

2 | from wiimote.msg import State

3| from geometry_msgs.msg import Twist

4| #ROSLEB/MDT AT TV A v F— 1

5

6| class AccTwist (object):

7 def __init__(self):

8 self._acc_sub=rospy.Subscriber

(’/wiimote/state’,State,self
.acc_callback, queue_size=1)
9 #State’M! T’ /wiimote/state’ & \ O 4 il
® Subscriber (% 1§ #)
10 self._twist_pub=rospy.Publisher
(’/mobile_base/commands/
velocity’,Twist ,queue_size
=1)
11 #Twist (3 F£) ! T’ /mobile_base/
commands/velocity’ & \ 9 4 fii ®
Publisher (% {8 #&)
12
13 def acc_callback(self,acc_msgs):
14 twist=Twist ()
15 twist.linear.x=acc_msgs.
16 linear_acceleration_zeroed.x
*(-0.02)

17 twist.angular.z=acc_msgs.

18 linear_acceleration_zeroed.y
*(0.08)

19 |#Twist (R BE) B2 I a# £ 2 & 0 f5 L THA

20 self._twist_pub.publish(

twist)

21 #twist&#Publish (% (F) T %

22

23 | if __name__==’__main__"’:

24 rospy.init_node(’acc_twist’)

25 acc_twist=AccTwist ()

26 rospy.spin()
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