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Abstract

Compulsory programming education in the first year of a university's school of informatics
requires teachers to provide lessons to dozens or hundreds of students at a time. Also, teachers
need to give lectures to both beginners, who are learning programming for the first time, and
experienced users. Therefore, teachers need to devise a good lecture plan. However, due to
COVID-19, programming education in universities is now being conducted through online
lectures. Online lectures on programming are too difficult. Online lectures pose many major
barriers to learning compared with face-to-face lectures. For example, it is difficult to see the
students' typing or even their faces, thereby making it difficult to check whether or not the
students understand. Moreover, the difficulty of online communication makes it difficult to
teach content smoothly. Therefore, in this study, I focused on the two most critical problems
that occur during online programming lectures for first-year university courses.

Many barriers can cause beginners to stumble while learning programming. A teacher who
has several years of experience in programming education may have observed a lack of typing
skills and a lack of understanding of basic commands. Regarding the former, some students
are slow at typing, and some resist typing English words in programming terms and using
special characters such as parentheses and semicolons. Typing games to practice this skill are
available, but many only target the input of English words. Thus, a long time is needed to
learn programming specific typing exercises. If students proceeded with learning without
understanding the basic commands, they may stop learning when they need to use new or
complex commands. Also, when students cannot remember the commands they want to use,
they have to look them up, and this hinders their learning. Therefore, this can be a major
problem in online lectures because discerning which students are slow at typing is difficult
and because online instruction has its limitations. In this paper, I describe the implementation
of a proposed program typing system, typing.run, which facilitates programming learning.
This system allows students to grasp the behavior of a program through its sequential
execution and to compete with each other on typing speed to achieve good results. I operated
this system during eleven programming lectures. In each lecture, students were required to
type on the system multiple times. The results were that 88,293 typing attempts were
collected by 118 students. The analysis revealed that the typing skills of the students could be
improved. This is because the individual differences in typing speed were reduced and
because the overall typing speed of the students improved. The results of a questionnaire

suggested that the repeated use of the system helps students to memorize basic commands.



Next, teaching assistants (TAs) are indispensable in answering students' questions during
programming classes. However, the number of TAs is not always sufficient for the number of
students and questions, thereby hindering the smooth operation of the lectures. Other
problems are that TAs have to answer questions in the order in which the students raise their
hands and that TAs sometimes cannot solve their questions, which takes a long time and
causes the TAs stress. Some students feel anxiety about the possibility of asking ignorant
questions or embarrassment about asking questions at all, which prevents them from being
proactive. This problem of communication between students who need to ask questions to
TAs but are reluctant to do so, though it also occurs in face-to-face lectures, has become an
even bigger problem in online lectures. Students' proactivity needs to be taken into account
to reduce the TAs’ stress and to manage the order of questions appropriately. In this study, I
designed and implemented an online TAs questioning system, askTA. This system reduces
the psychological burden on TAs while lowering the hurdle for students to ask questions.
Students post questions to the system without directly asking the TA, and the TA checks the
posted questions and lets the student know when an answer is available. As a result of running
this system for a total of 1600 minutes in an actual online programming lecture, 367 questions
were received by 61 students. I calculated the time it took for the TA to start responding and
the time the TA spent teaching and found that the TA started responding within one minute
and finished teaching within 20 minutes. The questionnaire results from both the students
and TAs demonstrated the effectiveness of the method, and many positive comments were
collected. In online lectures, I was able to facilitate communication between the students who
wanted to ask questions and the TAs by focusing on students' proactiveness and TAs' mental
stress and by managing the order of questions.

Finally, I provide a comprehensive discussion of the two proposed methods and a discussion
of the impact on students during the COVID-19 situation. Furthermore, I discuss the
unrevealed limitations and the possibilities and applications of our method for future

programming education in online lectures and face-to-face lectures.
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Y2l INHRDEREOBRIFICH TL 2 HFECH > T O AT 2 2 &, W
RPMBTERT DB TE LV AT L FEL, KERO/NARTEAZIT o7, % Dff
B, EITR o[ Loy 28l ofg823172 5 2 & #iEE L CT\w5. %72, Marjolijn & [11]
i, INFEEEZNRICZA Y TERFEZHWARRS 2 8BEICI0 o4y L—=
VIBER 15 BEHL, KETIIEH 20 9BREO2 4 vy SHEEBRLAZ PL—=
VI ERIAT 0TI N =T TR o2 N =T DR AT, AR) V7, YEEOR T %
WL 724558, L —= Y P % To A —T DM, 24 €V 7 BT Thl, A=Y v
CYREOFT A b E L2 EERL TV 3,

REAEZNRE L7z Ay gE e LT, HRO[12]IE, 0o hTor—<FASD
RAVY 7T A 2 EEALEENICHE 5 KA 78 Zicxi L€ 11 BIEM L 72, Z DF5R,
FHN R 24 vy 7oEREA L, BBNR LAY 7HEEOEL, %% 3 DRI
BEMNCTLZLRTE, HEZZNINED L L TRXRAC Y IRkt cE 5L LT
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W3, XIS [13]1E, XRFEHOa v v a— X DFERICE T 20 HRED X 4
Y IHEEIT) 2 07 ARLTOEW ] VI RARHK LA, HEETSRL2 7R
TREAC YT IRMELZZ e 2HERAL TS, 24y 7SO ZHERT 5 720
ICHT DR DEE P END D, 24y 7 Hom EIck >, #EENYRT I LB TE
7z LTWw3,

INLDIEIL, 24V 7DITRAZODOCHE L IIRTE2I0THY, KEETED
e D L FRBEAER G EZITS 2 & T, IRNICHEBETE 2L S 3. KiffgE T
I, ERAOFPEDO /A~ LTHECEA Y 7 EZRL T

212. 77217 ERA YT OBERICEEY 0%

Miura[14]1%, K¥FOMMET v 77 I v 7ERICEWT, PED XA vV 7R F 0L L KE
DHBEPERICE WERD o722 L 4 FRDOT =200 L, HELTWE, 2ok
T, Z2ACVYICX2ANENHERICHEE LRV ) CHBHITHEEEZ FE L2 T 1 £
PHWAZ LT, hyvap A1 I ABME T LAZZ L 2L LT3, Thomas
5[15]1d, Fuo I v o7 r—<vRE XAV VEEORICHE RS 22 L%, 8
BOEFHERS R LT3, %72, Leinonen 5[16]13, 7n oI v /o244
VIZDF—R v —7okRER» KD 2MEEIToTEHY, BEER+ITERVDD
DR EZIHEE,AORKD 3 2 L8 TE ZA[EEEZREL TV 3.

NS XY, 7ul I vl oTRA Y Y IPEETH D I EHE R, AL TRE
T4V VRAT AL o CHiic x4 vy rdERMLETE S TTH, Tus 7
VIO EEICORDL Z EBAFFEIN S,

213. 7RIV TEBRANTORAE Y THEEICEAT MR

TR IVIESEOAA Y L, RETOEEBRECERL UirbL - ichH
[17]OMERFET b S, ZOffFETiE, CEEDO T v 7 7 Lk v CRERNCER £ 4 v
VBT LIckoT, BER XA Y Y SHE L OB 2 EEUE ICE - TREL C
Wb, ZORR, 24 vy roEAKCEEOR IR R oD, Kige £ 4 vy
IEEIC—EOMBERD B LWL LTV, £77, B4 5[18]13, ERAFu s
IVIERRIBLTCEY, HEOR[9] %o 2 KEsREZITo 72852 LT3, 2 2T,
FAICRDONFICI » TREERSMNC C BB 7' m 7 7 L2 FR I 4T, Z oWz
THTW 3, FREEERRANCTIE, 772280 %2 77 7 R LR oS ER I Z
HiRE#Tnw5b, ZORERAXANEZTo MR, RIEGHEEOREY» O —~EDORREHE S
TEBTELZLLTWS, 22T, TYPOS[20]13, #40x v v r2FarzE e
HiycEIEx N, RAW AT 0962 E0 7056022 — Vil oho 7 a s
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TIVIIT 4 ANERT L Web VAT LTH S, ERO#HHROFT, AT L%
sl S, FAEOSBMERICX > TEBREZITo T3, & X7 LICHER X N7z REEICHLY
AT FEAEL Z 5 ThWHEEZHIRL /R, 2FEICIY A TR ¥y 7 2iTo %
BT, HEFROEN FORBBD EmEEESRVWI E2@REL TS, Fiz,
Leinonen 5 [21]1%, FAER v Ay 7R 7 —I0EK LU 2R Lo 7w 7 Iy
DHEZ LR/, Ta 77 LOBEERIZT (B2 X for XZTE) #RHEZ DT A
77 LSBT 2 TERL, BhiE- 28813, 2OXFE2FROTAL 74 32 FikxiE
KLTW3, ZOTEEHEROEMICIT 272N =T L FERZToThRWIA—T L2
B L7265, BEAEEARL, BXE T4 vy 78 2B OBERICT 5 DIREKR 4
{, BELVAREEZRL TWw2,

INS DD HIIIANFZ L HEEL T3 2, BfAa o 7 e 7 T Lo fEz g4t
MADHTRAE-THY, LT, 7ur77Ivroxfey 7dgELFARRC, Zo7a s
7 LHEROBERSPEH 2 PRI LICEEZ 2B NT W05,

214. 7072 1T OO ITICEET AR

Tu 7 I v RELEREDIC, BEOTICERH LR DL K IhTw 5, [HiEH
[2211%, NFED T 7T I v B ICEWT, #lEM, 2 A 1THTEAA S E, @5
Mo 3 SOBBIER L 0B 2HE L5, ERMLGRBCcTv T I vy
EET PO IAREICEAL, R ERFR LA EARRINZL LT
5. Fiz, WAL[23)1E, MUFPHAREER—RL LT v s 7 I v/ EilEHCERL
DEZDXF ¥ T 7 22 BELCE VY RIEBRA— L 74V FLOKEBY — V%KL, |
EEEZPLICEREZTo TS, ZOER, 7ur 7 I vrEHomEog, 7uar7 iy
7 OHIRUGE, BEOIEDER R ONZE LT WD, R¥EICEFE 70 s 7 I v IIHE
CEBWT, ARG ([24]1F, TATY XL %7 — LERECHRBRERT LT 0 Y v 7 ([25]% 7
0y SEEENCEE O T LTCHWAR T, TATY XANEFICENLIESZ
EVBEETHELEZTEY, F—LOMRE L AHORER DT 0B H 5 2 &
EFHOLPICL TS, 51T, EARL[26]1F, 4B RO REM %2 % ICHY B2
e FICIENTH L L LT, FAEAGPEEOSD L L EERNL AL T8
IIIvIRYRIRERREREL, REABRERT 5 2 & TRIKROEZHERE LD
DYEOEE ST I L 722 L ZMEL T3,

LEXY, a7 7 Iv 7B L EREEOTICER L TR X TPHIMNCEE 21T
FEOMEBTONT WL, KR FAEICTHEL L TCGRLALS, " RaTPeTvFv
FTHAEHEI e TTur 7 I v 2P REEOTE# K> T3,
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22. BELA-WEEE TABOOII 24— 3 VBT A3

221. 7075 IV 7RERICEY SR

RKFWCBTET0 77 Iy AR OXIRICBT a5t e LCEH[27]1E, o T
I TA EPEOMRUEZICEH LB EEZRICT 2200 FiE2RELIERZToCE
7. LHL, INECOMFBIINHHERLEE Lz TALPEEZXRT2DDTHY, v
T4 VHBRICOVWTOMG AT THh D, T/, HIEL([28] X, BEICHN T Y A
HWEREEZMAL, PR - P 2REe T3 PEZRIICRIBTEZ 2 v X7 42 REL T
2. Bkt 5[29]%, FEOEREERPT T —u s pb, @EERTICOET VT L3 A2 RYIC K
Ryzeldic, WHETAMBEEEZHLPICT L AT LAZREL TS, X LICEDS
[30] 1%, E#ifFEE L OEIC LY, MERIEZ 2 FE0FBRNZHEDL Y T2 4 Ll
BEcx3 7027 I v EBRTRES AT LRBEL TS, 72, Yan 5[31]1, 7w
T LBEDXIICHENREL -0 OEEE A LT 5 2L iIc X oT, FHIATEER
TR T R FELZREL TS,

7, VAT LHBHBNICT FANAL R 7 4 = F Ny 7 %475 2 L Tl TA o0&l
B A HIE e b FEL T\ 5. Hattori 5[32]1%, v 277 2D a v 4 Lifica v
A IBHEN L7 =52 T TR, ZORDODZI—FLRNIEFRLZG LT PN
AR%EZT LHEIRN Java 2 V34 FHRBELTEH Y, HATL TA O GHEGFICE R 2
L LTWw3, Marceau 5[33]d, ¥IFERMTOTELL T — A v —V%RT 57201,
I —%BIET 2L 2OMEBELZIN T LI L CHERHT2FELZREL TS,
Petcha[34]i%, e 7—=v 7 EC, PAEPRN L7077 L% HE) O A3 288810 2
T, TADRDOY ERZEXHIICTO T TLDITT —NX =T 4 —F Ny 7 2R 51
REZIREL T3, ZOMETIE—EDOREIRE 28, A TA TS %720 TA 255
JETERVIRILICIETE 2 & LTw3. ArTEMIS[35]1%, K2 AR CfT 5 HE ek
KEWTA Y IA4 vIT 4 2RI NP ED T 077 2% HEIMWICFHEL 7 4 — F
Ny 7 HBRTHNTREIN TV S, 2R, YI¥FIELTEY, RAICHEEDRF L
ZUGERREZR 2 LD TA OF7THIR & FEDEERBE DM EATE 58 LTw5,

Tur g v roa—2A0ME RN C DI EEREDIRD IO T — X 2> b R K
EeMEZ FHlT 2098 b TN T3, Munson 5[36]1%, 2B 7- 3EM O 7w 75
LITHF 2R 3 v oA VD T —H G &L B IC B W B S 5 Z & R
LTw3., ¥/, Pereira[37]1%, a2 —R&2X#ET 2V EONEZZHE LD 2 8D 7
0y 7Ivsox—1Eue 7 ErL, 825%DKECTCTHTCELEL TS,
Vihavainen[38]%, 7’0 7' L DMREBEL S A4 v F v F D I 2T - 7Kl 7 &
oI —RICHIKTE 200% T8RDOIEECTTHIL T3, X 5ic, Ahadi 5[39]1F, #4208



2= BHE T TE

TE STy SRR U 1Y — 23— PR b B TR A <
RBEHELZ I THROFEDFMEIT> T3,

TRLIE, FEORIK AR LY, TADHBEARKIC LD THb0THY, K
KLRHNOT 70 —FTlabH 2, LirL, v A7 LEEAT 2R 27 LA A
TELT—Avt—VORREILENT, ThHDHFELMlAADbES LIy #ERE
DT B LA B,

222. 77 ZIVTDYTINEA LFEF EEEICEET K

Goldman 5 [40]i%, 2011 FFIC 77 9 F TV TA X4 Lic T a7 LoIH & EfT %A
7z Collabode Z2EL, TV V= v 7, X7 7u 773 v 7, VE—F 7 T7AD3DOD
LHEcOEHICOWTHE L TWS, L L, i TlE, Google Colaboratory [41]% Visual
Studio Live Share[42]| 72 EIC X o T, VT A XA LT 0T L EETRERME LGS
52 LRRGC T o, TR IVIHBLZOIEEOBN LI TH DL, £ D
72, VTNRALICTa 77 02 F L 2R oiREICENTHELES I NTWES,
Vandeventer[43]1%, F#AEDMEWIRIE Y TA 24 LCHEIPHETCE L2700 T 4
NOIEEDEFE ) v 7 LT Ay =V RAAieECE 2L, nr/%fETESC
Ry, R¥O7u I I v IiBHEEZXERTIHNTIEREINZC AT LEREL TV 5,
¥ 72, Miller[44]51%, > v 7V BEECHERHTE, »PATZAICEELZR OSIC4 VY A b —L
DBUHET, AT v TEITLERD T — 2 % v L7 78 v H % fifi 2 72 JGRASP %
REL TS, EECHHLAEMKER Ty AR TADKIEICRY, IL¥ELT Ay
DT ZEEHLZE LT3, 51T Trong H[45113, 70T I v I3 0%E%
WRELIZAZETARR LT ET, CIDE VAT LBZREELERL TS,

FhERLOF—L TS 7 LB L AAOHEICH VA & 2 HWE LW5ED
»2. Park 5[46]13, T TR AV} EMENBHFAYEOFFEREICEVCaI—FD
EEEZ LT 2 v AT L EREL, TNERL eIk THIE D ICT RS T 4
BECENOMENEE L L ZHL2IC LTV, AT, BEfFED LS i TB s T3
VIR E TR S I v S O#BEEYRZTLENTE, BE, #EIik, v—7, EEREZR
g7 o AT L[47] DR L <\ 3. Cubranié 5[48]1F, %4 2 4032 NENMER L T
27077 Lo FEFyy MEREEZRT-FEARELEL T LIk > T, BiED
ERMtEala=yr—va VICHBELRERZIHL I CTWw5, F72, Codechella[49] 1%,
TR LT a—ZOREE RICEE, BTOZMICOWTHNEET 6 e EEL L
LT, Av 74 v Tc7ar 70k ) T7AE4 LTHELOOEHD o[ LA RER > X T
LEREL T3, 97 Ao NBT 40 A [E 296 #idi o N4 23299 BIER L, Z D 57%723
HEHhlcomEch oz e WE L T 5.
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Dbl ks, a3 v 7% ) 724 LCHELOOBELZTIMELINTY
508, AW, Av 54 v CcTAERL, TARY) AR A4 LTHET S L ZhHIE
L LV R T LARIRES S,

223 B O 2 = —> 3 VICET AR

B 6 [50]1F, JHMRIY 72 AT Bl i X 2 EIEA o 7 A v & NEsET 4 v ] &
WA CTE Y, MIRAEE DT> T2, 2L [51]1F, B4 LEBELOREMZ o4
HHR A WAZ 2 Iasr—vav 7o b ar®RELCE0, BRICEND 22 K0
TOHSHURETH I LR EEME LTS, 5T, FATORRZRET 2 HIYT,
WL IR 2 ADTLE R ML 72k o 27 L[52] SRR L, EEMER Z{ToTw
3.

HEMZER D TA I, FAEICE o TRILKRFEDREE W H EDVITH 2 2 L, ¥k
M7 EM%E L2 r L newv)d X5 R EXEMNICZ ) LT WERETH Y, HFL
K CHOTERVWFELDOPLRVWI L ZMET 2FENP L EHE2ONS. $7-, TAH
B 2702 WA OGE IC R ICEY) T RigERcE v b bFEIOLNS. 5
AV IAVERETIE, XV ala=r—vavBRVIcd b0, KERMEEE LY
5%, KFED 2O DIFED X 5 ICHEBAICR > TLE S ¥ER, b &b AWK
TARA VI 4 vEEcOPUEICHZ, B2 AL -9 L) TXAFERRELY X
TLELTHEETS,
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= XAV T ZFILEERNBEROEEFE

31 BRFE

Ta Ly IV RENIRD W ED, TEFR—avEaERo-T IR vy IHEe
7075 L~OHERZED B X 5T BT, NIRRT LA RS, 2 LCH
2T 72D DREOHFANREREIC RS, 22T, 7077 L2 A4V T AT LDEY
WH7=h, ZOHBEEIHMAARE, BT 2T AT ONTIERS.

311. 7075 27 OBR RS LA

Tur g IV I RBERT 57201, RERRINZ TR ST L EZA Y ST EDT
7, MAEMHBEL RO Z AV I T ERERD DL, TTT, ZACVINRE R B
D70 7T Lk 28R d 57210 TlE, BfRICIZO %R0 v, FHAETICE OSCFEA A %
BIRLTEY, ZOANBE I o2 RITTOrE2—FnFHL i L v
DB, I LTS Da—F GERICBWTIREE) ICERT 20 L. 20720
HEBATLTWECFHIA %2 ERL, ZOMERED X ) R E2 ST hrE2ERL
7  PEfE X 2 2ALAHA D EEIC R 5.

ZIT, a—FBRXA VI LTwRTOXTH (Fe s L) o 11Thic, x4vv s
WREFLAGHa A Y F2URL, Mike LCHBEEZRT. 22T, a Ay Mtz
BARBLEEDIT, HiOT 7T L AJJLTtRICa Ay MTICkESGE I, BEIICa A
YV MTOBOITICAFy 7+ 3 2 CaXy s 2EETEIL20fEE T 5.

T/, —FDOANKIGLTIRAIC T e 77 L 28fEX 521X >TC, 4 v FUfE
RICEDDL BT AT LU 4 v FUudEHN, BRIEECEODLIITEANTELEER
DEHREDLY, MEeflE T 272 AN T2 LHPfHEINE R EL wo/zL T, 2V
ISR ONKEREMICHIEREE 35, Ak, AZRATIETOHAL, AL vy adhnik
SICk Y 7 e 77 ZFEEL Rvs, NEICHISE S 2 2 L ic ko TATIRp TS 7 e s
SLEFETT L RERT S, 22TlE, 1~2 fTOAN CHEMIERAE 2 12t L <
W KIS, 24V IINROMEICH TREZITH.

—77, 7mrZ I v CHHINSBEEBICIE, BRARGEEbOb oS, T
T, ZA VY I7HE T, Z058E L TEALNEREE I N TS0, wEE TA
NL7LLThH, 2A Y FHICREINZGIBOROEFH L AR E LA TE R, 20
IO PSS cE AW L, Tu s I v SEBICBWTRTAY Y P THL. 2T
T, FACVIHEBRICEDRACY I L7075 0% mEL, MOKREISCEHZEEL
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720, BREFEEZEBELZD T3 0wo7zk 51, BBOFIECRDIEE 7 &% SulRIc 2
Hrfggr 3+ kick by, MEEMET.

3.1.2. RFEHIEE D 1T A FBIE D1

Tar7IvIICBLT, 2AC Y IHEIIREVIRLIT) CLBEETHL. TDOIC
X, NFEEWEIRES T &, HRNEIRES T 2 ERT 2 0HLH 5.

T, NENEESTICowTIE, 1 pfilicx 4 7 cE X FoBrHBT 2 EE%
Character per Minute (CPM) & EFEL, ThLi2E2A v 7ORa7Iicd b e T, &
CBTIAND Ay VEERIREL LTHRZ A TESR X 5CL, PLTHRVWA
CXNZ2 D CPM ZHIEE 2 X 9i1cd 5. %72, CPM TRV 7EELZRDL LIC
HHLTWE 729, 24V 7OIEHERZEODTH HH =0, 24y 70 bEEZ -
IZDBUCEET 2 IEH b RN 5.

—J7, WFRAEES T L LT, 2L DXV IV RTLATRMEDOZR aTEIRRLED,
FVERVIEBERLEYD EVoTRE LTV, 22T, AV 27 4L THREFED CPM
CHPDCPM &2 HRZZENTELLIICT B ETHFLERY, EFR—va vk
HFCcZ23X91Cd3. 22T, VvF V73S 5BRERKEZ D o -2 —Ficx LT3R
FCTIEHEDDOD, DL RACYTHERENE ) Az —FITL > TiE, ADFRICK
D, ToKMVMERCAEENEDH 2. 22T, #EROTED / =L LT 4y
MERO ANSE Z LT, RIKBO LA v 72 E LT OV, 22 p0HEE D /22—
FICT v F v I~k 2T

3.2. typing.run

% DRFEDYIER T 0 777 I v FER TR I N T3 F5ETH % Processing & A5
&L, REFEZHWZY AT L typing.run® ZEEEL 72,

321. =&

VAT AL, LT 7 RALLTVEICWeb T T —va v LTEKELE K
$&1C 13 JavaScript, MySQL %% H{\» 72, #—>Y—4 4 Fit Node.js & MySQL 5 CHEE L,
AV TREOREC L —F D XA vV IERORFE R EZ{To72. 274 TV M54
F 1 Processing.js [63] Z FIJF L 22, JavaScript THE L, WY HOREZEIRT 5 -

3 https://typing.run/
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time:9.80 CPM:190 (Max:180)
Typo:Q accuracy:100%

p({

size(300, 300);

ound(255) ;|

time:16.61 CPM:172 (Max:180)
Typo:@ accuracy:100%

£i11(255, @, 0);
time:33.91 CPM:158 (Max:180)

ellipse(150, 150, 100, 100); Typo:2 accuracy:95%

M1 24 TFT270OLICAN LR a X FEFRRL,
Ty aEWNEHRMTELRB D XA U T LI Th b FIT I D6
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ERAE YT HRITIR—VERE L, 72, REPOLFITINTHEX—LT FLADF
AT LEMDF R Eick Y, 2—FOHAEITo 7.

7, 311HTY v 77 LOMEEZ R IMEMHAICHETHHAL @Y, FTimI & IcX
ARy 7INT 07T L0 ANTFREEPERPTZ o 728561, MHEIIICA R LT 3%
DIy AN AT 2 2 LT, BITORRETEFEHL .

K1k, EHRLAVATLEANHALTZA Y Z7%fT, ZOXA4 Y 7L TIRIGE
T7a T LRETINTHEIRTTH S, 2D7 0T LTIE, setup BN ICE LN
size DIT % ANI#&IC Y 4 v F U MER X 1, RIC background DT %2 ANRZRICERVPHE T
il X, ellipse DITZ ANRICHBAHBINE D Lo TWn5, AR b, setup B
NOFTRTE XAV LTsetup DAy aZzL2FET ([} 2#ANT2EC) il
N, NEERICH v a2/t T 5 2 L TERETZITo T 5.

3.22. R4 B> JRIBEDRF

Fl1 v arIletnr oA e, TOMEHK

7 avEs v avif L
1A Aviaxsvav 4 f
%2 19 T=A—=vav B 8 [t
55 3 [H] R &R 10 [
%5 4 In] eSS N1 10 [#
55 5 [0 % EH D57 8 i
26 [0] fROIERL 8 1
557 [0 LEOMBEYIRL 7 R
£ 8 [l el 9 i
559 [0 el 7 It
55 10 [1] BAEL 6 ]
%5 11 [H] B#oEE 6 ]

Tur 7 IV IO TOHENEE 5 72 BWPIFEFICH LT, WERDEDIRLPE
e v o 2AEESLEAMEZ IR T 5 2 LIl cli v, EY AR RS 5003, HE
DEAVPHEERDEE LADECXA Y JHEICHIRTEZ 2 X5 ICT 2 2 LAEETH
2EEzZ, 2ACVIREDERICGEITL 57y a v T EHEIL 72, BB HE
LizkrvavZlenxf bR ERLICRT.
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FREOERICE VT, #EROTPEEARZ X ), FHCHiAL T3 THERICSH
270277 L EEMICERHAT 2 & e bic, MEHRE 4~10 ez X cifliEELz &
T, 7R 7L TCELRTEMODZ2DDL T 5720, ROITLDEEANT 0T
3%, BBU D) CT OHEER LICEHE L2, 72, FHEOEFR—v a v EEEL,
HEVIEM R T 0 7T L, AT % T u 77 L, RERPHAHL Rnw7a 7
LI FBRA L o72. —F, 7706 % 1217 ANT 5T CTRAICERRRENS X
ST 270, Tuls L R REE RS TR 7.

n¥E, VAT LDOBRETOHE E, while RT3 LR T&ERZH TR0 70 s
7 LHBEDPNBANCEITINTL I, IR —T L2 0 ISERREIC R 2 7-0EF 2 710
[RA3Ho7-. D78, ¥Rn$ 57 07T LTl while DED AN 217 o 7B R L — 7
CaRbRWwE S, WY RN A T> 72, ZOERAL— I 3HIRICOWTIE, SHBK
EEH> TV FETH 5.

FEAEEELC, FYuriIvsEE o 1l Myoi#ERica LT, A5 83 HofE%
ERKC L 7=,

3.23. MR E

R AT LIE, RELS DT TRy a vyl tofEZERTAMBEERR—T L, ERRIC
RACV T HRITI ZACY T R=VIHH TS,

X 2 ORI~ —2Cik, R HTHEORRSHC~Z + CPM OffE, £ 7> a v
T vx v IO, thEDAAA 22T CPM & 24 vy 7 L72MEBOEREERL 72
R xR TN TES, 72, WOMHOHEO LA VL2 )y /5528 T, &
fevr— & %aINns,

M3px4vyr=—=ycil, Eilicz 4 vy 73 2MEORR, GANCFEfTETE, T
Za vy —AERITWE, T2 TANBDO LTI TRTKEOLFIT > TWBER, 24
Y7L T EPREEIIERICEY, ZOMIZAXFICRS X IC Lz, 2—FRXx[ ¥
VIZLTWAXFERTF YLy ML, KOO~ —HICBFCRB L bk, ANAE
DRy k@I Lz, THICIEA R 2 v TlE, 7 v 27 LoRECETHEER £ —
F227 )y 7R—FNILYy —Ra—F2av—CE 3 ENPMHTE 3. $72, ETHEHEO T
TIEZA ¥V 7 %Y)DTH S DFGEEE, BED CPM X 4 73 2D &2 EZRT 2
TENRTES.

4 https://nkmr.io/lecture/
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1B v O3> (£45)

EFEC TSLEADLTHES FEOMEEEY S TOIS L

245CPM (16E1) B 1pt | 17250 233CPH (SE1) 0.5pt | TIEL

typo min:@ max:28

537_7508

5345000

516.2008

F1E:A ¥ FOY D3 > 2RI 7N

F o L e S (B

XAV T RF )L EFARNBAE D EE TR

PM 694i7/150A

ERECETHMESSH? F1

t | THEASAA S
vg:15.5

X2 ERIR—n2 7 —rig vy b

1-2 AALTHELS !
TAEOAERET S OIS 4L

(400, 300);

(255, 255, 255);

time:19.41 CPM:170 (Max:233)
Typo:@ accuracy:100%

RETRY

X3 XA TX—=VDORT Y= ay b
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3.3. ER &

ATEiCibi~7z typing.run % 2020 4E 5 H 6 HX O BHL, v 7 I v 7EE 1 cEM
o7z, 7ok, EAMARIZ 2020 4E 6 A 22 HA 5 2020 4£7 A 27 HE comBEARH &
KIEHTH Y, x4 vy rfEIIERMBITIE TO /v~ L.

AL, FEERIGHIRTRT O typing.run 2AFAE R S HEECHENT 2 2 L OFAZIT W,
HEeT Ny 72RO EZERD T 72,

331 RAEVTREREDHT

HHACIELZT -4 %27y a v T EORERKBRIECICXA vy 73z 11845,
XAy 788293 Mg T—2%HEE L. b, 24V~ uERfoT-
RIEfTARERONDE T — 22, 24V Z7KER 30 2B T TREI Nz Bbh
F— R IO LRI L 72, FEERAIC, 88,055 MLy DF— & Hokint& e L. 22T,
283 Mox 4 vy A EICE Y, TR LIRS 7 7 THB L 2R 2 [ 4~
7T

M4ix, FEZED2A4 ey VREOZ{LZRLTEY, ¥1DDFIF20 BRI EX A4 v v
LY MA T W28, 25 BHZBEZLY 25 5 BIREICR>TwE 2 283005, 1
MHDEED 220 %\ D, 7u 77 L35, MEEZHR) O IMES 24 vy L
FERL WD THDH, X5, FEIE R FEORE CPM OF2RLZ2DDTH
%, 4xfk%i# LT CPM DA 200 (fHEIC 7 o 72 % 20 722 L b 525, TD
RZTERZ Ltk LCATEEICEiZ R, K61%, RMEI L ICHkE CPM 725 72
FDXA T IZAEEEZEHRLZ2bDTHS. ZOFEDLS, BFofEIC NI RsI13L 4
ATIZAPBEZCNB bbb, ZNE, BEOXTHe, HyvavkiauvihtE
MEARTIHZ, BEMCHAES LR L RFRERTHE E2ZLNS. X713, BE
T & D CPM OIEHERZ OB AR L 72D TH 5. ORI Y, MEES L2 -
T ICONT, PEDXAC Y IOBRIIEDL B ToT0WH I b s, 8L, &
FENRZACY T LT RCOREEE 50 2EIL, ZonElEnzXE T & o CPM 0
ERDIDDTH D, K5 TEEACY ZHEOMPIBIE N o722, K 8 OffE
X0, BRI RZICLZB o TCXA Y ZIENPH L oz Bb LT, ke LT
CPM O FEREFR L TnB 2 e bh 5.
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180
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1|0 ZIO 3I0 4‘0 SID Gb 7‘0 SIU
MRES
5 B L A 2237 CPM DY
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p
40 4
g
ﬂ30
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101
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XAV T RF )L EFARNBAE D EE TR
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332. 7 — MER EDHT

R DOH 11 M HORiiER (X4 vy Z3EICHY A TD b o 2 Tlidmiil) o,
AT LC typing.run BT 57 v — P ML, HEL T o7k FE o7k 111 4
PEEFLET v r—MEREZER LIRS, kb, Tvr—FTELER ((2:F072<Y
TRELHR~2:THYTETES) CTHEILTDH 5 o7z,

K20Ql L Q2olic kY, A EfEfRD LAy J7OREEOZ{LE RS L
BTES., TORMBLY, HHRICHHELE®ES BoTwad 2 e80h 5. £, RRETFIEC
B4 2% Q3, Q4, Q6, Q7, Q8 T iHli D FHEREDEIC -7, LAL, Q5D Fu
7 LOEEHTE ZHREICE T 2 - O FEIZ, ADEICR o7z,

RIT, FHET LI Q2 TR L -3 lifE2 5 Q1 THZE L 23HiifiZ 51 < 2 & T, &pl
LOWOBBBTA vy I BPEEIC R RFHE LB RERIICORT. ZofR LY,
1 BB ED D 0 72D T1% E oo T 2 e Bbh 5.

72, TV — TR, AT AMERUEIO 70 77 I v SRBOFED VLTV %
T, YATLHHOT v — VRS T 0 7T I Vv IRBOEEIC X > TEVWAED 5 72
%, Ql 26 Q8 DEMIEH Z & ICFHIfED P 2 RD /- b DK 4 TH DL, ZofREX
D, Q1 Q2 Q6 TIEMFHDHICKELELDH o7 LDbH 5.

RIZ, typing.run ZF|H L THICO WA Z L LCHICOD B 1ol b ED, ¥ T4 7
BEREANT 4 7HERZHAKBICE > TNEL 7.

KT A THREBERTIE, (29 FRACVYIRTELIHChot-] [REFDODEAAE VS
BELS o] D24 vy Z7icBT 2 b0, [FTHERNOHEMBIEL o7 TBIK
DEE DL YT o] AV IBLLYCTro] DT v 7T LDHFICE
T2b0, TARCFPEBERATL] [7 v XV I RRTEBRDFE | [FEEoT7 47
ATBBRINCTE?Z] [FEON—=FADB TR REOERYEDY, 65 hHET > Tz,

—J7, ANRT A THRERTIE, [AR—ZXCHABEZHADOIUE R XA IV 7T T
Lol m I I v EREPLDOERC, 24 7I2%R I LAVWEERDOWZ] [ &
V— FERIICR > THARBER 2 BAZ0ICLC LIS ] [ Ay IB#EnE Ta 7T L
BTELRICEoT LEo7] BREDEAVY VIV RATLATHE00 % OREICET 3
BERP S MHFELE o T,
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XAV T RF )L EFARNBAE D EE TR

#2 TUhr— NHEE EZOSMH L)

FEAMAE D 59 AR
HREE =)
-2 -1 0 1 2
BERBHIR R T2 A vy 7
01 . 58 26 11 14 2 -1.12
DEETLEL?
BEKTREEE T2 Ay T
Q2| 11 | 24 | 35 | 35 | 6 | 0.01
PEETT2?
B GRS
03 L 12 | 36 | 11 | 43 | 9 | 0.01
DO 7I3E#R LI L0
1724745281
Q4| o 8 | 24 | 15 | 42 | 22 | 041
ETINBZZLICEHZRLILEL?
7'y LEAAHETE LA
Q5 43 36 6 21 5 -0.82
HRALELEDL?
2ACVIRICTR S LONK %
Q6| 6 | 26 | 14 | 55 | 10 | 0.33
EDOCHLVWHEL T nwELAER?
FIF4 2 & cBAKE®
Q7 . \ 2 5 11 | 51 | 42 | 1.14
H2AZLRTEXELEDL?
LW 2P ERICSHED
Q8 4 2 13 44 48 1.17
FIAL7z2nwTTh?
#£3 AT OEEICHET FMEOZOHE (N)
-4 -3 -2 -1 0 1 2 3 4
Q2-01 0 0 0 6 26 40 27 11
x4 TnrT 0 RBAEC L DEROFHLE DY)
BER7 L (89 4) BEH D (224)
Q1 -1.39 0.00
Q2 -0.12 0.55
Q3 0.01 0.00
Q4 0.39 0.50
Q5 -0.90 -0.50
Qo6 0.12 1.18
Q7 1.12 1.18
08 1.20 1.05
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3 2 AV T RF N LILRKWEER D EE Tk

34, ER

341 RA VTR DER

4 XY, FBRoORETIE, 24 ¢y 7l TR S 225 7228, KEICH > Tw» b
TERDRB. NI, FBROMETIR e 7T ARE W0, FHERTKRbEZELH Y,
FAMIE SE Y AL EEZLNSG, T2, HBPIC—EDH Y A REICE D E W
72D1%, TEDO/ A~<lEa 7 T HATWz07E 2o E, /7~ bEi, FE
e, muanf 2a7 CPM 2 L 7285413 7 v~REE V7R L, Knw A4 227 CPM
DA/ A~ EEe L, K9 3ESHes s a o f 237 CPM & x4 &
v B oG ER L2297 TH 5. 150CPM LU RO HMA 10 [EAFE, 150CPM 20 5
175CPM ¥ T8 8 [HlfitiE, 175CPM %5 200CPM £ T3 6 [T & BEBCIR I 2315 A3 -
TWB3Tehbd /A< R7E T A THEREER S o722 L FHARIN S,

BEELBEORANE 2HRAIFNE

30 .

25 ] L]

20

F L E)
® & 0 0 0

0 50
S=CPM(CPM)
X9 Es5mEErsardDngAaT CPM & XA VL TRIBOMGREZRT T 7
(1 2DOHN 1N, BOBENNEEESZRY)

283 MHOMETIE, Yrr 7 L0RIVEEsTVEY, R OEM LAy
D FEIE-> T Y, MEAKOEHZ LI RE 5720, M52M6 T, 7770
AT LLR>TWw3, LaL, 7 XVFENTDORI T OHMDIENRY %31
HWREENBLZVIC TR -oTEY, 2O Ehb, EiEE @0 s 4 vy 2 HE 050
To/7tE2, MIEOKLETFBTETHIILRDHS.

$7-, X8 X 0 EHEEIEAE 2 51 oh, CPM OFEAH N T B Z & 23R TE 7-.
MREOHEZEDN LR > T2 DIChBEb LT, 24V ZHEHERR ELTWE I Eb, &
HEDEXAC Y THERRKBICFL L IRELTWE EEZ 5.
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3 2 AV T RF N LILRKWEER D EE Tk

342. 7 — MERDI L DER

K224 v 7OREEICEAT2 01 Q240, vAT % flis/zz&T, REICK
DI FENRL L Wl e gh s, £, REFETHRANT, HRNWEROEF Q3 I,
7v 77 LAOMEIEED Q4 ITHIE L, N NAHIEDFEREDfEIC R - 72 2 L 1T,
RETEPEGHTH MHEAPHETHDEEEZS. —J7, Q5D 7 v 7T LADEFEHKAER # -
TG Y otz T, 2D ZHZOREICAIV TRV &P, MEDTEHTE
HE 2RI RB D 5007 2 e ERFREEE 2 b 5. SHROMGHHICEET 2 Q8
KOWTHEWFHEfEIC R > 72 2 L IChxAC, HHEB T RV 74 7HERABE CES
272 ED, VAT AEERNRIRESE W B80S, ki, HHIGBRICE T 240
TATBREBERORY, GRIDILICENMEZEVZIETORETHLI LWL E, b
DREICOWTIE, Z2ACY THELZHDOREVE—- FOBALERTEIRL Y s 0%
020HZ LIT2EELZHED EFEETE—FOEAL WS X ICEELTRT 5 Z & Cifk
THILENTELLEZ TS,

KIDFRIY, VAT LZMIATL D bRDTTH, FHlfED T 230 725242203 6 e,
D6 ZIOoWT, oEEESHLZE 25, FHEES MR I E WD Z & idRd -
7. ¥7, HHGERZR O XAy ZHEMET L2 L L Cidid e CTlad o 72,
DL, VATLACH L TR EFFo T3 3EZOLNAR L. TDHRITOWTIE,
HYORE X VMMEDOKRD R, HNICHAPEL ozt K Hic, HH D
WEHIClE 7 <, i & OMNFHE 2 EE L T 2 iREMED S 5.

FA4DQl BLUQ2OfEREY, ¥F 7077 IVvI/RBHVBOLR, 70731y
SR LEEL Db XAV IBBETHL LR’ ND D, T2, Q3, QT IKDWwTiE, 7
077 IvIRBOFEICY > Tl EDE I EidhvwEE 25, LaLl, 773y
JREERD VRETIE, Q4 DETIRROEBSRER L LAFL v m<, Q8 OffffiHMHIc oWl
s LIHEL VS o Tz, v s I I v 7D VR, T urJ 1 v 7 cIlEifEE
REDEDVDEL DT B ERRELLEEZD > THIoTWE 70 Q4 OFFHliZE K o7z
tEzoh3. Q8 ownwTid, HEdIc MHET 28, bEZEE R0 2 [fHEH
Yy akEWLRICEAL Ay a2 3T CICHELW], [ RO ERES | R EBcAY
DEACYVITRARANETEL LT, FERDH o772V FTHZLICEY, AT LTOER
WEDVBIEINE Z LW ER LT E720, HEPEL o7 e 2 5. ks, AR
X 7a 7 I v IIFEEENRELCEY, BIIc T o I v B Tok I R B FE
EARNR TR ND, Y AT LORENRME TR, HROMEH LoETch 2 &
E5x5.

—J, XAV IPENE T T ARTELIRICR>TLE 72 Wit
TATRBERTHAHTON-DIE, BENTH-7. Zhid, 7v 277 I v BT ROIC)
Bbod, XAV I7PEHICTE, 7077 003 lAabro7l tickoT, KT
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R Ay 7RF VKRB D E A Tk

VR EWENIETLE o2 e EREEZEZONS. TORICOWTIE, FHERPICHHHZ
froceT, BLoepTELEMFEING, T/, THNO¥ETTCORBD I VXV I %
Rl Cnizzw, [EMALERLTPIXAEM T R [Exk] REDERD B - 7.
COMEICOWTIE, AaT7oFtROMT e, thFictFIns 7 v* v 7 z2dillRT o4 L,
FHRIRRTINFICLREMAFERT 28T, RIRT 22 LBARETH 5.

35. 74 VERTOEROAR

351 F 54 ERTOERDIR & O

typing.run OEHZ (T o727 0 77 I v 7@EE 1k, v 74 ViR CEMI N2, 7
077 IvIRAEDRA Y Y IR Raa, s OREICER T b o2 itk o
T, nETOFE LT 5 I RIS, YIBERIRZ A4 73 R X o TEL 2 REIZFIF I
R TeY Y o Tz, iz, B L ITFENMEEI R 2 -0 EMIC T 2 2 L 13HE L v,
B L RV _ADOFFEICOWT, ZDEREIIED» 2722 L2 b, typing.run ZHUY A 72
RPHTHwB LEZ LN,

10 1%, typing.run 28 1 HCED X 5 flwICHH I N0 % 77 7L 72b DT
H5. EEKTHEBZD 16 ARSI TE Y, #ENGE ZEMD 11 KI5
PC23MTAICDE KM MAENT W, T2 4 RF~T BZ R 72 © b IRIA < I &
NTwdZerb, ZEBRZRSF IV MHATEY, WOHACT VD TH-72C

EBDODS.

E 51 ErIER
FAEY T Lica=— 0 AH

6000 -

100
5000 4

B
(=]
[=]
o

2000 4

g4evs/EH ()
8
(=
o

FAEV TN (N)

1000 1

EERDT (BF)
10 ENF A B T BiTo Rl & 2 =— 7 AN¥&

$7, WERTHRICTEIT IV IHB BT 3T v — F £ L 725 93 fEok

BT 274 —F"v7D5H, BIETRCHEHMITH 7. £z, 29 foT v r—

MIC typing.run iIC X VBT b7 2 LIS 250iR 23 H Y, FFIC, typing.run TEHEL AT,
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RACY THREPEL Inotz, 7077 I v IinELL kol o7 w7 I v /DR
THRIFL vz, ALHE I DR L7z EDESRIED - 7-.

LEoZ e X0, Ry RTLIE, v 74 ViBRICE W THBICH % 2RI EAE 23
WD Z e TCEZDMRERET 2B TERLLEZOLNS,

352. VT4 VERTDODVRT LER

KK HEMANC, FAEEZNETED THWTREDF 2— U T AEITH DRI
Thb. LrL, AVIAVEETEITERW 2O, VAT LETKELRZ EIIREDOLF
L7720, 74V b2 RESLEY, Kb Twaiiio~w—27%2EARLY L, DY
PITWE IR UloRFHCZIEDbo T, Tz, MluGbeRciicHksF v v b dikiT7
22T, TAICK2u 74 vGkodR—+2, NJofEezoBE, F4E»L0HEY
MO AN EDOWITHEL VD DL fTo7. FEEFEPMEEL T WHERREL /-
RFicid, FAECEBHPCEE, XEAETHACEREEATH S ok,

K AT L, Y AT LORMEZ#EREG 1 2 HEUEENCTY, £ X7 208)E
TALEBVRLOOBUR 2T, FEAKICHEHTZ 220HELrDOTHH->T I L
DB D, KEREELCHELRKET L AL AL —XICERAN TR EE R 3.

T 7z, HRAPRBETOBREE TIChWz®, V=1%o 72 A IE° JavaScript ® 7’1 77 L
ZERLEAELRITAPEZ 22 & 2@EMRI»O FPEHL A, FEEEIC, 1 4520
1000CPM LA E o AFIC 3 AR A[fER 2 a 78 5 MR & iz, Co¥EDTHh Y v % —KF
HBAEL, PIEfTAZITODRVWI I ICIEEL 29 2 C, HEZMERL 2. —7, 3 K< 398
B, 2F 0, 1EBZVH 30502 X4y 7C 3 REERE CHUY fHA 72405072,
AR ORIEY — VO ZGE T h v v b % —FRfE L7228, EERIC IR FERAD
AL Tz (20403 1 > oI LT 1283 [IELY #lA TWwiz) . 2o X 5 g
PEEGFICERVHA T NG Z L D D720, AV ITDORaTT—2EF»0ARIE
FTh0 5 0% B 2 D IXNEETH - 72,

v IAVERETIE, FERADPERICANL COIRTARAR VI 2, HEOHEE G
HDETEWIERTE R W0, R ZITET 2 2 EXEZTIE RV, 2070, BAIC 5407k
Rz 02 ey K- TEREAMET 5L L bic, XFANDEFAFFLY
EBLEAEHEFEPEECHILEZOND.
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A= BRLEZWEEE TA D/N— FLETIF52FE

41. BEFE

v I4 VTR, FEOHEMA— P ERBEEZLNS. £77, TA bERICH
JGT ARSI AR B e EZONS. T 5T, 29 LE-ERZEY)IC X XL 20 DlEH
Fbh o HAREEICR>TL S, 22T, YATLOERICH-0, BRI+ 3 - —F
NETT MR L, BREIGDO~— Pk T 5 A, B ONEERRED % FHIciT 5 7%
DDA ICONTIRR S,

4.1.1. BMd 5/N— FILZz TS B1HEH»

v 74y ECEBINTHEEEHERTIE, TALRL KX 2ERIGCOZ0ica 2 o=
r—vavar—2 (BRHE) #HET 3 2RI fTbhTwa, 413, BT 57
WDITIEZ ) LIEAR—RCAETILELRH L, LrL, NEREE 3R, v I4 v
BRECIZEEDOFICHEDE 2 D2y, EARIKNICS 2 DD, (AW T2 07k & il %
LD TERY —EADBL 0, ZD7D, AEDO N—FABERY, FERMICERMT 2
N—=FAHIVELRoTLE ). T/, BEO A—FA %2 T F L3 HEE LT, #E2LD
HW% Web 7 4 — 2 F % v PR ETZIFMT, TERMICT 2 G5EDE 2 o525, ERM
BEEB BIGAIC, S EOEMICHIET 22008 ) B THEEL , ARG Tl > 2
TLAVREE IR EORELRD 5.

LEDERMT 52— FAnEe@EEs i 27201, £3 TA CEEEMT 20T
7w, —HY 27 aicx L CEMZERL, Z20"EM% A7z TA KHEATH S H T LT,
[TAICFEE N0 cE 3] LAz, [BICEMTE 2 X915 5.

4.1.2. BRSO /N— FILZE T B »

TA O¥EFHIE, LARFEDEMICHLCHRIET L EThHEA, TAHAICH LU
RN WORFEAFFENRH Y, BRlOWNEZE T TA BAPEZ LN EMD»E ) D
Do biwv, b LAGFEASTITOEMZPED» LZ T 5E, BIFCRKEA225 2 LI
X27Ly vy —2HEICORRY, A2 EE S L Ww I RENRET 5.

Z 2T, TA 2VERXICOHTIC, BROoNEZ H 5 RERENK2 X 5L, TA B2
METERCARTHNIE, ZOEMEZRNO TAICHDZ L3k LT3, 2973
LT, BHARZLLTHIGL A wiFhwv i nw) TA OFEFKL, BiichE T X
Wh LRV E W) RREFRRHT LI LB TE S,
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H
o~
I

413. BB B ZMIBICITD 72 DHEA

PO OB T 2 L, BROIEFRHITIBFRAE L, 2 0fTh 2@l Ic g3 2
REPEL S, F/2, FECI-oTE, TADPRIET20%fF> T 3BICHOMRTE %
EEMEL B 2. 22T, HOMIRLZLIEFEXKT ON 2 X H1cT 2 2 LI EFM%E 4 <
TOICHOEETDH 5.

ZITC, VAT LACHMINZIEREZEHL, HFE B> CTEZFEICN LT, @HET
5 L CHMOG~OFERRT. P EoRECEErLKITONE X HICT S, T
XY, FEPAD OERMIEF IR 2 R WIS TA 23574I0EE % 37 5 FE @A 53
FIE R W, ACMRL TV 3D ICEEZKIT O N WEEEZ RT3 2 LR TE 5,

4.72. askTA

UEDFEZY AN, v 74 v EOEBIGEY AT L askTA #IRE T 5. %
FEAHEBICBWCHERT L L Z2HIEL, Web 2T L E L TEERITH72. &k, %
o TA Z# BT 2720, RERITOA AT RFLRAICLBFI AT L2/, a4 v
ZiToTb b koicL7z.

28



B L7zwEEL TA D —Fr% T 5 Fik

H
o~
I

42.1. =&

ZADYMAN— FA%Z FiFo0, TARERICED X 5 REMADD» 2 EEAREE T2 7-
O, BRI 7 +—24 (K 11) <k, BT 288 0%&S, BRlofE EMoME, <
Xzl ArFTOTRT T LW ANNHEZRT, VAT L~OEB OB ZEEIC L
7o, vk, HEOMEX, Tev ] [~a7) [HESOCET 28 M) [R5
Ml Tzofl] o5 o%MEL, BRRC LA BREARICL->TIE, k-t crFTo
a7 7 LONKEL ZERE T VERBR I NIGEOREI NG 20, V—Ra—F O
IEMETREL L7z, g, EHOHE L, FELSFTE T 2 CIEE T 2 TA 290 2 L8R
BHol-T=®, 11 CIEHDIERT 2L 51> T3,

B A — A

$#H (floor)
fREEIRLT<IEEN

EfELEZLEE
BRE UIEVEEERIRL T EE
EEOEE

BREOERZERLUTEE0

EROEEQNTER)

U—AO—R(TERLCZFETTRL/EEDD

Tl EBEEEE

11 SAAEDSBER SOE R O, B2,
Tl T L N U THEMERRT D7 4 — A
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4 BIL 72w g TA o= Frik T 5 FiE

Zyvar—F (K 12) <iF, F#E»roEEIN-EMORREZ —E TR LR TE
Xl 7z, TA oAb IPELMoPEOEMOMELRR NS X HicLz, 1
SOEMICIE, B oMEE, B L w34 040, WIGL 72 TA 04§, BRoME L
WO IERE D -4, Hlox7F—x21%, [TA#S] [TAxGH] TTAKT] [TARE
Ml ¥EFryven]| 05209%% 1052 LT, BRAIGRI 2L L 72, B0 &
D EDITIE, BEL 10 HTOER ID 2AE b ¥ TohTH Y, BRI ID 0FRiZ TA DAICIT-
7=.

TA 2 EOERNICIG T 2 BT, FERHEE LT TWE 7' m 77 L L HNEHTORGEIC
I 2EMoMENEST 2 C L AEETH DL, 2 2 CHBZ ity 2T 274 4 (K 13)
AL, TA &%4E2RFELC URL (BRID) K727 %Rx$22¢T, Fursrodfe
AR, T, EHEEEEAREE L7z, £7-, C oMl FcEB OGRS RIGK T 7
EDTA KK 2HEMAT —2 20, FAHEICKZEMOIY T (K 14) % 5%5E nlhE
L7 ok, Woho TA DAFICEEDHUR, VDO TZADH— Y MIEDRRT
LT, BBl CTwd, $72, FERCLXIRETA LD -0, FAEIIhED
B DY 27 TF 4 ZCT 72ALTC7u 700N EZ R R TERVEIIC
L7-.

X 15 1%, PAEICHBOIEEDS > CE /-2 L2 ML 2 @HMTHL. LirL, Zofifl
RIBAITIXRA DD R WATREME Y B 5 722, 5 PRRE O RE S FRFICIE S 3 & CIEFEF A3
STCELILDRIDEZRML 7=

K 2T LTlR, EFO¥FO T 02T I v ZHEIC Processing SR EhTnw3 2
726, Web b THEFfT%#1T 2 % Processing.js % Processing & [6l U X 5 &ZEE %175 X 51k

S HOTAE O BRI

TASI R

B : BV o DORaietuans / meanie wadit i BEXR3: eV :
: SR ULABRROSEL AFEOIELVEBOLARDA S

HA2 . BV : sOissmgt e # 4 r  a BEX2 : EVE
: ESULRSVLVDMDINSIEL booleanMEWNARHB D2 TVZI DN KL DHSEL

ZEFvIEL

HA2 : AT . sl HAE1 . AT
whwE SWNl : isPrime O ( )Pqﬁ{]: b AW S WL St
S—ICHE2TULE S, —DELANDHSEL

HAE1 : vk 0 e
: SIOREORGRDNS M

12 Bl SHTBERORRPLNED — B T 5
HyvaR—F (EARAITEY A ZI0L)
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B L7zwEEL TA D —Fr% T 5 Fik

status
TA xfiseh

FEEBERPROV ORIV TAV /A TG DEZAE
By TA-XE

TEAARVEFCELS]

) (MATAYOSHIYASUTSUNA)

0O{
(255, 255, 255);
d = (200, 200,
(d<100) {
(255, 0, 0);]
YO READ
q
(255, 255, 255);
(G Z =Y,

(200, 200, 200, 200);
}

v REAOS
VI REAOS
VI REAOS
Y7 RARAOT
Y7 RARAOT
YO RARHDT
YO RRHOH

X 13 24 & TAN T 0 7T AOHGRETEITW
BRI LN DEM MRS D =T =T 4 X

Bt v tIL

X 14 FANEMZIY TIF5Z &E03Hk2
S AV W e

9 Google Chrome

BROEEAE>TERELE !

P

X 15 PACNEEZ K- Z L 2fnz Db h—A @

RLULTERLLZ, &b, ¥¥2V7 40825 Web LTETTLHTICH — il
Processing T2 v XA v L, EITA[EED & 9 IO WTHERR 21T o 7=,

4.2.2. FBA*E

FAEZ, VAT LIS A VL) AT, BRERE 7 A — 2 X DR L - WER EZ BT
3., BlEZERELZ%ZIE, HEWC 2727 4 2B L, TA 250)GAEE L 723 £ T,
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TEEAT», BSNRERIIREC T — 7oA F+LchhiFawy, £5 LThkci i
WERNIZ DWW Tt askTA TEREILTD & o 7.

HHO 4 EHE CEKAZRFE T, TA D FAEOEMICHIGL T RREAEL R T
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EERIC 10 %M 2 KEDAN—%FKTF 72, d, ZOFEICETIIIIZR L, NIEEIT D K
il TA I 7.

4.3.2. FA|BRTDOFER & DA

A S h 2B o RIENE 367 B2 572, 2@ 5 H 15 [\iE, TA 28863 2 HiC
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B TAKT, 4TAMRE, 5:7EF vy vin) ZE 2T, PHEOBEMIEICED X A
T— R ADEBEEAT - 20 DBRERYITHO2 % L 9 i1ch 8 #EXRZ ML LR TH B,
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BEMBIITH T LB TES, 22T, 15 HiTRZEHHZ D LT, ARzl
TR B B R EIT .
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DAY TAFIAREELIZEWZ S, IHIT, 332HOT V7 —MERICEWT,
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W 5[ H O L 22 ERE TA R kT Tk Y, $7, Bflos X2 F5icxniL T
1 UNICHIE LT W22 b, AT AL > THBLRIBEEF b BAETH o 72 L 1 2
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MEHE%27H1IH»OEREZRBLZ. 200, #EXR1RBH?2S 6 BHIZ, TA 2RFH
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L 2 RFAVERDFEDIEMIA L ZH O T T/ Z &, IERBERMBHKRR W &I
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