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Finding Relevant Pages from All the Subjects for Students in
Self-Studying

IMBE Tarcui’*® MARUYAMA KAZUTAKAZ-P)

Abstract: University curricula have the foundation subjects at the basic undergraduate students and the
application subjects at the advanced undergraduate students. For example, Al and cybersecurity in which
most basic undergraduate students are interested, are covered in the application subjects. For that reason,
it is difficult for the basic undergraduate students to imagine the connection between the topics and the
subjects and to keep the motivation. Therefore, we focused on the learning materials, particularly the slides.
By using the slides, the students know the page’s learning theme easily. Our proposal is to find the relevant
pages from all the subjects, based on the page on which a basic undergraduate student just focuses. Providing
the relevant pages based on the page of the learning materials helps the students in the basic undergraduate
to enhance the one’s motivation and the students in the advanced undergraduate to deepen the one’s under-
standing. In this study, we use TF-IDF to discover the relevant pages and calculate the characteristic words.
In addition, we introduce chronological order, normalization, and the term weighting to TF-IDF. This paper
conducts an experiment using the materials available at Stanford University CS courses’ website and shows
the characteristic results and the feasibility of our proposal.

Keywords: TF-IDF, Learning materials, Word analysis, Slide, Learning environment, Scoring

L BB RY R HIRESR School of Information Science, Meisei Uniersity
Graduate School of Information Science, Meisei Uniersity ) 20mj003@stu.meisei-u.ac.jp
2 HHERY HWEE ) kazutaka.maruyama@meisei-u.ac.jp

(© 2022 Information Processing Society of Japan 1



BIRUEF MRS
IPSJ SIG Technical Report

eI =
1. 8=

KEOH ) F 2T 5131, 2FEDL SICHBRNE 2B
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AMFETIIN 1 D LSBT RATF LKL, ZEDEF
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TE%. %72, LMS OWNETIXRFEDEEDERTZ T Tl
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ByFHATES. K11, P42 tree &\ 5 HEEICHEHH
L7BETHS. 2o E FRBEAORE»BIE AR
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HEENSBIEDYEDR A ¥ 25 ALK TED X 5 i@
DM TE 3.

K1E, UTFTD3 27y S CTHRTE 3.

ZATFv T 1 FEPDOR—Vh 5 HEE (%) 25 RTH
B33, X4 PAREEFEZOLF L LTHHINT
WREEZBDTHD. ZHilkHWbZeT, 20
R—Y ORI R HEED R T 5.

AT T2 ZNFTHhOHFEIIHONT, TOHEIEFE
NEZLTORHOETOR=—JIHLTRa7 Y v

P

Z{195.

FBES REFFH hh5FH
Ccs106B Cs143
Programming Abstractions Compiler
#18p.12 #06 p.14

cs166
Data Structures Example of Parse Tree
#01 p.137

A Better Approach

Cs224N
& || Natural Language Processing
with Deep Learning

............ RRROBE : #17p.50

Computer Systems

1 YR7 a0 RT 2HAEDH (CS106B[1], CS110[2],
CS149(3], CS143[4], CS224N[5] 2 551H)

(© 2022 Information Processing Society of Japan

Vo0l.2022-CE-164 No.27
2022/3/13

2FY T3 A5y F20Ra7IIHEINT, EEIIHL
TR=VOFRT 5.

AAROEIN, RI1IWRLESATLEERT 220
DORBEMILL LT, RT v 721285, HEETAVET
RTOBEHDOR=JIINTZ2R2a7 V7 %8IT5HDTH
5. R TIE, 2a7 ) 7 OFEL LT TF-IDF 2%
M3 %. TF-IDF 120 L TIREBR ORI EZER T 279
12, RERVISEAMTY, EFEEZEAL, Ra7OfiEr
79, ZhoDRa7icHEoWT, EET 3 R—%%4E
WKRT. BB TIER-IUIPWRENE T, BIE
FEPONENED XS WCHINEDHID, FEHER
DM ERERD B 2 7T OF RO 5.

2. PBIEARE

2.1 BEOBEET

Goncharow 5 [6] 1%, ACM ¥ IEEE 2" LTW3 %
VX a7 L5004 R4 VIR L TIREERO~Yy Y 7%
TOFEERELTVS. WAL (71, IR AHY
FaTg sy TRESVWTINSERKODIT2FikEiE
LLTW3., INHDFETIE, RRINMICBEEINTZHD
ZEEOT S, INSOFEEFEHTS LT, AV Fa
7 LR EMML, HERENE S Vo B HICRET 3
PRATES., YINARIVFaTrvy Sid~vrnk
WETHY, HEEBRII 7S Th 220, Kk
DFHEE, XD EERNBRANEZEZEIREEDOT 2 2 2T
x5.

2.2 RATSAROBEZERTZFE

Sajjacholapunt & [8] 1&, HEMEDOXEL ZF4 KO
R=V XA N EERTZ2EANTEITS 22T, #
FHE BT 2 R—V 2 HAT 2 FEEREL TV 5.
ZOFETE, 24 MV OHGEREMRT 272012, #
FEDIRA PAEICEN I GE I OMBISEE Z BT
T TF-IDF ICEAMIT LTW5. fillH S [9] 3¥EH o
AEPFHLTWAREZATA FO 1 R=IIH L CRH
THER=IERTFEZHILTWS. ZOMAETIE, R
4 RBEOA U F Y FDOEIWIIHL T, ZOR—IAND
HEEQEERE X [9) FCIRFSREH) 2RDOTV3
ATV IFDEIEFER—IZA ML 1.0ICH7D XDICE
AEFREL, 0.5, 033, 025 L LTW3. ZhSDFET
X, R=U XA PAPEEZFHEEZLVWo72R T4 FORHEIC
FHL, ZAsZEEHLTWS. AiffZELE, 254 F
DOWEICEEL, Ra7ICMIEZITS AT 5. R—
IRA PLRESEEE VO BENRRRICINZ, FEN
DFADNESF %2 BT 5.

2.3 TF-IDF Q&
Sato & [10] {& TF-IDF I lE 21TV, NEFPBEfRZ F57:
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% FHE LT Chronological incremental TF-IDF (LT,
C-TF-IDF W5, ) REELTWS. ZOFEEZHVT,
KEFEHRD Web = 2 — ZDOHFEOR BN ZL 2 M LT
W5, %7z, Paik[11] EXEICE FN 2 BRSOV T,
LT 2 FEREEL TV S, AWIFETIE, ZhbDF
EERAL, RENOHHOIERF % EH L MEPR—
T OHEROECOEHRILEITS.

Fx DFEATIHETIE, FHEDORIHICBY 2/ERZT LD
2 a7 DZAIZDOWT, TF-IDF ¥ C-TF-IDF D227 %
U7z [12]. 294 FIEROFEEERZRE L, F—
[ %> & IE% 1 TF-IDF ¥ C-TF-IDF %23 & L7=. 2D
B, C-TF-IDF M ZEBERNTOHGBEO HBIRIAZ ZE L
TREREHATE N TE. AIETIE, ZORE
% 2T, C-TF-IDF 2_—YHATHEMT 3.

3. REFE

CITE, BIETERREZRAT Y F22FEHT 3200
FMEIZ DO NWTIRAR S .

3.1 RAF7VYIFE
AIFZETIE, 254 FERAVWTEE ORI L, BIH
FEBATHEPARROBET 2 R—VBRTDIZ, R—
IANDRAT Y I FERRET . HET AR EHEHEA
TRFEE LT, 2.1 HiTlNFEEZ, NEBPHRL
Ehd7ed, FEPRBOFMEZIEELIC V. F—U—
FOXSRIDBEETELZD, ¥—V—RFOHRENDHE
HRF —7— NIC ko TRE T 2R H O #iAAHIR X
YEZERED, BAERE . R=VBATIREITS
22T, ¥AEFRTREHOMREEZ T X 3.
TF-IDF Z VWTR=YHTRaAT7Y I %2{TH. Z
DFEEHWS Z 2T, HRHBEPFRICEEHINA TV
R—VEFERTZIENTES. TF-IDF LIAMCS HEE
AWz FFEE LT, 4 haY—= Word2Vec 72 ¥ 30T
LNB. A haY—@EEHICLPE IR IBKRENED
R %R%E -7, Word2Vec 132 7 4 RDBEOREDE &
DEELWEEZTWS.
—77, WEERRZF A N2, TF-IDF TR L=
nixv, UTORESH2EZ 5.
o 51 [ED 5 RMEENETHERICKR > TWT, #EDOHAR
WKHRSWTHIADER XN 22 Y, RERVIDIFET 5.
o 254 FEHBDRME LTR—IY XA FAPHELE
E, XFEANQEMDDHY, 274 FOERENERL
THRATZ A TE 3.
o KEDBERDRATA REXFEDEERDRT A KD
D, R=YNOHEHMD RS,
AWFFETIX, TF-IDF LT, EiRoFi#EERT 2
MEEZWMD ANRa7 ) IT 5. BATLIMEE LT,
LIF%, %5 3.2 #i© TF-IDF ICRERYZEA, 4 3.3 HiTlk
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TWERATA FORREEZEB LIZEAMNT, 2L T, 34
I CHEREZZE L ERILIc O WTZEhZERIRR S, &
W5 TIX, TF-IDF OFEZITI BT, 2tholkoicx
A MDADR=VIIRET E. X4 PLDADR—=IZ
ZORIIHAR=YDF—TU—FEHERT L LTEMNTH
L0, FHRERTAIHRE LTIEARAELTWE 2 EZ 5.

3.2 Chronological incremental TF-IDF D& A
AIFETIE, TF-IDF 12X U CTHRERSI 2 E R L 7= ik %
175. TF-IDF ICRRAIZEA L-FHEL LT, AT
C-TF-IDF[10] 285 5. ZOFKE, H2HHE» R
ORI TCO—EXBHNOHFEDZEE R 2 Z LIT#E LT
W37, AFICBWTHEMNTH S e E X2 C-TF-
IDF 3 (1) TEREEND. TIT, ;& TF-IDF(t;,d))
THET2H2 1 BHEET, HF i 133EF d; NOHFER% n
L, 1<i<nofifizt 3. d; &, t; 2BTREDX
ET, RFjRXEHEN L, 1<j<NOHMHZH
3. NIX, MXCEBCTH 2. TF(t;,d;) %, XFEd; NOH
it OWBEERD 5. DF(t;,d;) &, XF d; MBI
DHFE ¢, DHBIERZRD 5.

Chronological Incremental TF-IDF(t;,d;) =
TF(t;,d;) - IDF(t;,d;) (1)

IDF(t;,d;) = log( (2)

71)
DF(t;,d;)
XERIEZ, HEEt, BT 2 XEIEZ 5L IDF
DMEEREBICHDT D, ZOFEEHAVEZ LT, HEHH
FEDRFIH DR =D RHONEZ R > T RICHBT 2 R—>
FEMATE 3.

3.3 R FOHEZERLILEAGT

FEHDAT A RIZLITD & 5 REREFFOREN D 5.
o A74 FOLEEICHBR—T XA MVERD.

o MEGREEX.

o KFEREENIT S ST DEA

o R—IHDXRZE.
AFETIZZDS B, R—I XL ML, WBEER XF
ANOEMIZOWTEMRT 2. KPRIE, AHETIEINGRE
LTWARWS, RIZRETXFZA D255 °ERND T *
2 FHEUETE BEBICOVWTRETL TV BELRH 3.
HHROBHTHWONSZ Y —2a—RiZonWTiE, 7%
AMDEIFTEZ2D0EMRE TS, VY —RAa— KL HEE
B TRa7Z2HMT 22T, FEIERNTzR—
ORI AREIC RS EEZ TS, EBRICHEHT S
BHOZ X, KFCTEERBELEML WD, K
MRTERFENRE T 5. 2R O%EMIZSEMBE
T5.
BAMHER 3) 26X (5) BHVWS. =Y &4 ML
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CRFICHET 2EAMFIEEhZNRK (3) X (4) TH 3.
T(d;) ¥ B(d;) &, _—% d; TEAL MARKFIEENS
WAEOEEE KD S, Title-DF(1;,d;) & Bold-DF(t;,d;)
&, HEEL A d; $TIREA PASRKRFELTHERLE
HEEZRDE., 24 PAPKFL LTERITNED DI,
C-TF-IDF TEMT2bDLRAETHEIEZ. 22
T, BEARFHETIR-IFITOHBTEEEZ KD 3.

WHET2EAMITIER (5) TH 3. indent 1Z,
FEEZOA VTV NIDHLDHRTFT, BT 4ETES
BT 2. Windent 134 VT ¥ b DEX indent 550 52 5)EIZ
3.5, 2, 1.8, 1.5 &5 5. freq(indent,t;, d;) &, £ >F
b indent TR— d; FTOHGE t; OB ZRD 5.
FRE XL, BRORVA VTV P TEEREEIHEL,
HTe 2 iRVl e BT 2 BRICH L EZT
AVFY ORI E DT, =Y d; TOHBH
FBOERS T BRI ERD L LT, ATV MoK
WEFTICZ S BB L 72 B2 BT 5.

Ndj - .
T, (t;,d;) = { T=DFGd) ti € T(d;) @)
1.0 ti ¢ d;
Ndj ‘ -
Bu(ti,d;) = { PoEDTEd) t; € B(d;) "
1.0 t; ¢ d;

Ly(ti, dj) =
log(Efilndentzofreq(indentv tia dj) * wivzdent) (5)

X (3) 2263 (5) ZHWT, C-TF-IDF I X &ICEAN
F52. R (6) rhzhoEsazELAbYE, EHILL
7= C-TF-IDF t &b¥ 3. BAFALZHEAT 2 HEDE X
7o, EAPREL ML 52770, KK TIZE
LEY L ZOEAICE-T, BREZIERLI-BENZ
DR=YTEHELLHELZET LN TES.

Weighted-C-TF-IDF =

SiMnorm(Q, D) * (T + Bw + L) (6)
3.4 TF-IDF OIFR1L

BERDZATA ROR=Y
H5.

o MMNZWVR=Y, NI NFEBEOD XS5 IHEMUL KD

HTE2R—IU KLY T B.

o M WEFRHAGDLER—Y
o XEDADR—Y,

I 52 TF-IDF A L7254, RPZWEE1E1 2
I DOHEREMRL, XEEITL T2 HEHEZRD RV
HEERPEMT S, k7, Y—Ra— FHHEL LTHRKY,
TF-IDF OFtE%1T5. 2O &, L LTHVTY
BHEEE, R=YNOHBHEIENZL L, Z2OR=JITBY

Wi, AT O KD LD
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% TE-IDF DZ2a7 B F->TLES. ZhTE, AKE
WU VHEEZEH L ENRVWEEZ /2728, C-TF-IDF
TRDEZZRAFZITH LT, R—INOHEFERIHED S EHR
Lz175.

ERMEIZIE Paik[11]) OFEEZH WS, 2 OFEE TF-
IDF Z#R—2 & L, MRe k2 EROHELICIEC TE
BUbEATS. IEBULICAW 25HE AR (7) » 53K (15)
T, X (7) 253 (12) £TIE TF oEH L, K (13) &KX
(14) X IDF OIEHbTH 5. A&7 2 a 713K (15) i

XoTHEHBENS.
logy (1 + TF(t, D))
RITF(4 D) = {0 (1 Avg TF(D)) Q)
LRTF@JD::TF@Jﬂxlqhﬂ%—é5£g?) (8)
_ RITF(t,D)
BRITF@,D)-TI?E??TEfﬁ (9)
BLRTF@anzféggg%%g%ﬁ (10)
TFF(t,D) =

w x BRITF(t, D) + (1 — w) x BLRTF(t, D) (11)

w=QLFQ) = (12)

2
14+ 1log2(1+1Q))

X (7) R ﬁ#ymﬁn_,ﬂ()uiﬁﬁﬁQ
BWBBCENTHSE. I TEE TS ADL(C) 32T
DLEDHE §510)$i’31%6 X 9) 2R (10) &, R (7)
EX Q@) ZHVT, 0< f/(2) < 1 OHIF L L72dDTH
5. RADEZ, BEAwikko>TR(9) ¢X (10) DT >
275, widgX (12) &> THREL, ZOR (12) 1345
RIFICMEH S 2 AR DR EHLUE 2 I 2 RO HEED
EERLD|QICL-oTRE S, ARiFFETIE, Paik A7
L7z Tho A SNTWRFERERAL, |Q D
FARZDONWTIE 1 DOHFETOFEZEET 27201k
35.

X (13) X FHHBHEETH 32X (14) ZHWTIDF ©
Bz ERtT 5. KX (14) TES T2 CTF(t,C) 1%, 3R
TOBROPTOHE t OMMBTH 2. AL TIE
CTFDF%%%T%%@ HER=IFTICHBE LI

OB 725, KX (15) T, ANSh-HEOE

\@Z@@Mﬁ@ﬁﬁ%ﬁjutf,Eﬂﬁbtﬁ%%

35,

B AEF(t,0)
TDF(t,C)_IDF(t,C)><TIﬁﬁf(—t’—CS (13)
_ CTF(t,C)
ABF(1,C) = [raey (14)
Simnorm(Q D) =
S TFF (g, D) x TDF(g;,C)
(15)
Y12 TDF(g;, C)
4
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4. EE&

RBEFRCEI A7) Y TOEMEEMEET 572912,
BEZ IR a72BH T2 27 4 21EK L, MR
E{To7=. FEBUZI, Stanford University ® CS 2 — 2D
BEH®D Web ¥4 MZOABHEATVWE AT 4 REAWE. K
FERTI, CS106B[1], CS106L[13], CS107[14], CS110[2],
CS143[4], CS149[15], CS161[16], CS166[3], CS205L[17],
CS224N[5], CS243[18] ® 11 B}H ZMNFUTERR % 1T - 7-.

> AT AIZ, array, stack, heap, memory, queue,
pointer, tree, hash ¥\ 5, CS THW& N3 RHEHY

THFE 8 DIZDWVWTRa 7R, C-TF-IDF(EHE D

C-TF-IDF), IEf{t L7 C-TF-IDF, [EHtr EAMFT%

Ab¥7 C-TF-IDF(EAF L7 C-TF-IDF) @ 3 fHO

2a7 V) Y ZFEEIET . 2a 71 LT 2 B0

BREIT o 7=,

BEICEDIRBR MR B EZR—IEMEENCHERL, R
a7V IO ENIBELIE D DI T E2EBRTH 5.
ZDFEBRTIE, BIHEZMSIZR, TAZAOHED
CIWEED TFEROR—Y 2 LTHTETARLY] &
WOREETI VX V7R El L7z, 3EHEOXa 7Y
Y IFERICBIT B 3N EEPER L 7z L0 3 AN
DFEREFHMHONR Y T 5. EBEOMHIZ 11 HEHA
T 69, R—IBUIBEIT 5436 R—IThHo 7z

WERBEICELDRE Ra7V V7 EioR=Y%x5HE L
T, BRI A3 Z Y hEFLANIHIMT T 2 ERTH 5.
ZOEBRTIE, BHMOMREZHE L, 3EEHO R
7V Y IFRIIBIT B L 5 MOR—YDIER»HE
BEFHTHIRRL, #BREICT ¥ F > 7 OIERE HRIHE
L7z, #H#Er i 5 R=IIX LT, —fIcRREINT
BLOWAR=V) BT X Z7RERLTS 5 - /.
x5 M ORREFHEONR L T 5. At
R BoT=R—DIFBFT 8 R—ITH 3.

4.1 EREROFHEIER

AR TIEEFHME DI & LT Q-measure Z V3. Q-
measure (HEH [19] PRREL TV B EHBE S X7 L DFF
fiicHWONEFED 1 DOTHS. ZOFIETIE, [Efr
REZZVFVITEREBL, 1 bIREEREE5X5. Z
LT, SATLBRDEIF2 7T, EBOS X7
DIEN DD DDBHIAT 2 X4 I 7 TTL Y Rt WS fE
ZEHRT 2. TL Y P, SROMBEBRED XS B5ET
IR RNEF & > AT L3 UEF O Z KD 2729
WCHW3. 7L R BR(r) &, UTOEHEEZHWT, K
(16) LER/TES. ZIZT, riZovF U 7Hr i, cg(r)
B r ML ETICY R T LRI - 18R DEFET, count(r)
X5 r (ML ETORREZITE S 12, cgr(r) 1358 r L E
TOMENLEROAF %%,
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. TACK

When you declare an array, contiguous memory is allocated Address  Value

on the stack to store the contents of the entire array.

char str[6];

strcpy(str, "apple");

The array variable (e.g.
ntire array contents. |

entire array!

str) is not a pointer; it refers to the
n fact, sizeof returns the size of the

int arrayBytes = sizeof(str); /16

2 FEHIC array BEIR U2 2 E (CS107[14] £ b 51H)

cg(r) + count(r)
cgr(r)+r
Q-measure 1%, FEBPMRINIFRFLTOITL VR
ek, RIERTEE LD D) (19 LTS, K (17) 13,
Q-measure KD EHNTH 3. LIIMRT 27 —2DVA
X, RiZr ¥ TOIEMROE, 1 3BROFEED7 F5 /T 1
05,

BR(r) = (16)

Sk I(r)BR(r)
R

COFEERHWEZ T, EffrDOIEM S EDIL LT
VR VITOFENEL B, KK TIE, ERrRZ T
XU LRRCOWT, EEBMER LT v F 2 7 TIEE
IS 3 A, 24, 1Rz L. #EREMER LT v
FUITIBEEHE LML SIRCHESMNETE 5, 45,
3, 28, 1M LT Q-measure KD 3.

(17)

Q-measure =

4.2 FEBILLDIEROBR

£ 113, CS166[3] IZBWT, K2 D array IZIFHLzE
IRELFZRDFERTH 2. Q-measure DIEZE R 2 IT/RT.
#16 O P.77 2 [X 312, #17 ® P.33 OFEREZK 4 1TR-7F.
M 3 13416 OmBEDOR— I TREIEMT 2 NEFIZDONWT
IRRTWBD, ZIHWVoleR=I LD FIERRTzR—
PERTAVDENTHZEZLNS. M4 TXTFHHER
DTNTY XALTHD Suffix Arrays IZDWTHD LIS,
BEROMNRDLFH|D Tbanana] THILGEDHITH 5.
DX BHMERRIR=VERTZEFENTD 3
YEZHNS. Q-measure DFERER 2 2, EAJIT L
C-TF-IDF 1%, FEEIMEFET 2 _— U RBR LATET
W3EWZ 5.

# 313, 5 &2 EHZ memory I2FEH L7 2 RGE L
72D CS107[14] Do > ¥ 7 TH 5. K61k, HANM
J U7 C-TF-IDF L EENER L7 > F ¥ FNTH 1
e olzrR=ITHE. FEPLIRELIR=I T,
FCS107 TXDIELSFHAINSG ) v &N TE D, EBICH
T ER=VBRLEFITHS. ZO K5I THENR
NEZEE RS Z 2T, 4 memory 203 2225
ReBMI LN TES. Tz, TE, XEVY—7
WKOWTHHLTWER—ITH S, ZDOR—IFEHH
Z U F U IMERIFICEER L TV 0728, Y AT A
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& 1 CS166[3] 2B 3 array DTV F >

WH D C-TF-IDF IEMt L7 C-TF-IDF HAMT L7 C-TF-IDF BEEHEERDT XV
Page Page Page Page
10 | #16 p.77 #16 p.77 #04 p.105 #17 p.33
2 | #10 p.165 #10 p.166 #18 p.4 #04 p.105
37 | #04 p.106 #17 p.33 #16 p.77 #10 p.118

F& 2 £ 1D Q-measure DfE

Q-measure

BEH D C-TF-IDF 0.1481
EH{b L7 C-TF-IDF 0.1481
HAMF L= C-TF-IDF | 0.5039

Next Time

* Suffix Arrays

« A space-efficient alternative to suffix trees.
* LCP Arrays

« Implicitly capturing suffix tree structure.

K 3 #16 ® P.77(CS166[3] & b 51H)

Suffix Arrays
« A suffix array for a string AS
T is a sorted array of the ABANANABANDANAS
suffixes of the string T$. ABANDANA:
« Suffix arrays distill out :x:BANDAan
just the first component of ANANABANDANAS

suffix trees: they store ANDANAS
suffixes in sorted order. BANANABANDANAS

BANDANAS

DANAS
NAS
& NABANDANAS
N e
g ABANANABANDANAS

4 #17 ® P.33(CS166[3] & b 5IH)

How does this look in memory?
Alittle background...

= Acomputer’s memory is like a giant Vector/array, and like a Vector, we start
counting at index ©.

= Wetypically draw memory vertically (rather than horizontally like a Vector),
with index @ at the bottom.

= Atypical laptop’s memory has billions of these indexed slots (one byte
each;

8,000,000,000

0

* Take CS107 to learn much more!! Stanford University

5 Y HIZ memory TER L7z LAKGE (CS106B[1] & b 5IH)

RALER=ITHD. ZHLEXEBYVV—2IZEHITEAN
B, VIEEDPERT ST, MO TEET ZBICIEE
BRI e TES. AT, ZENEEERTER
EIZZDR—VERTIET, HHDEELZRETZ LA
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* Memory is a big array of bytes. Address Value
* Each byte has a unique numeric index that is
commonly written in hexadecimal.

* A pointer stores one of these memory addresses.

6 CS107[14] D#5 @ P.21

Memory Leaks

* A memory leak is when you allocate memory on the heap, but do not free it.

* Your program should be responsible for cleaning up any memory it allocates
but no longer needs.

« If you never free any memory and allocate an extremely large amount, you
may run out of memory in the heap!

However, memory leaks rarely (if ever) cause crashes.

* We recommend not to worry about freeing memory until your program is
written. Then, go back and free memory as appropriate.

« Valgrind is a very helpful tool for finding memory leaks!

7 CS107[14] D#7 D P.68

Queues

queue: First-In, First-Out ("FIFO")

= Elements stored in order they were
adde

* Canadd only to the back
can only examine/remove frontmost
element

queue operations dequeue, peek [ ]

* enqueue: Addan element to the back
» dequeue: Remove the front element
= peek: Examine the front element

Stanford University

8 EN queue ZIERL 2 L RE (CS106B[1])

TE 5. &4 D Q-measure DIEIFEATIT L7z C-TF-IDF
PidEL Bolz, FHIE 1L —HLTWE7®, &b
BEYEZOLNIZR-VERATETVEEWVZ 3.

4.3 WREICLZERROBER

8 OHTHIFERH 2 F#EFDFEAED queue ZFEAT
ERELZT Vv F U7 ERHITRT. BBRENIER L
2 F N HED L Q-measure DIE Y % FK 6 ITRT.
WERE 2T 8 #7403, B 5 MAPITEA T, CS166
DH#4 D P.193 ZX 9 IZRT. ZDR—=IIX, Two-Stack
Queve DFTHEBEICOWVWTIHRTWVWER—ITH 5. CS166
DH#4 D P.331ZX 10 TH 5. CS166 DH#4 D P.13 % P.33
W, NI RFEBH K SIEB L R=—TD—FTHE. Z
NEDR=JF—DICELY, 7=2X—2a>DIIITR
TIET, ZRICOP DR TVIRVAREICR S & X
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+& 3 CS107 1285 memory D7 VF >
JEH D C-TF-IDF EFtDAD C-TF-IDF EAMT L7 C-TF-IDF EHERD T VX
1{% | #05p.93 #11 p.10 #05 p.21 #05 p.21
2 | #07 p.68 #02 p.46 #11 p.10 #05 p.72
347 | #02 p.46 #07 p.52 #07 p.68 #02 p.46
& 4 #£ 3D Q-measure DfH £ 6 #HHEZ 2D Q-measure DH
Q-measure — HE D FEFbOAD | EAMIT L
#H# O C-TF-IDF 0.0741 : C-TF-IDF | C-TF-IDF C-TF-IDF
EH{b L7 C-TF-IDF 0.1693 A 0.2105 0.180 0.3345
EAMIF L7 C-TF-IDF | 0.6720 B 0.3160 0.1877 0.3752
% N C 0.040 0.2527 0.6476
5 queue D7 VF V7
WHEOD ER{toAD EHAMTF L D 0.0422 0.020 04989
E 0.5527 0.3878 0.0
C-TF-IDF C-TF-IDF C-TF-IDF
F 0.3264 0.2866 0.2488
| Cs166 CS166 CS166
117 404 p.13 404 p.13 404 p.33 G 0.4197 0.4745 0.0422
P b P H 0.2778 0.3631 0.7336
o (i CS149 CS149 CS166 5
#05 p.18 #05 p.37 #04 p.103 4 | 0.282 0.282 0-368
- CS106L CS149 CS149
#04 p.05 #05 p.18 #13 p.34 .
sp | CS19 CS149 CS166 Where We're Going
#05 p.11 #05 p.35 #04 p.193 " The amortized cost of
S | OS149 CS149 CS166 D18 G worstack dueue
#05 p.37 #05 p.11 #05 p.16 e B -
stack queue will take
time
BB, —HT, 5 LEHINDZHEER—IHD% o o) = O o e
&, fORH &b B EAEL BB EAS RSN, 207 may tako mocs than
oy P o O(1) time to complete.
», RHEBO<—IHITOWT H ERL TS BED B 5 ’
rEZ6N5. queue IZOWT T V¥ ¥ 7 OIERICES B9 CS166[3] D#4 ® P.193
2aXY hO—EHERTIORT. 2EPHELEZKS T
¥, queue DBELRIIHRA X =V %IR8, L hEEN
REERITOWMEBEMALIZa XY FHZ W, Q-measure D The Two-Stack Queue
EPRDEL o7z, EAMIF LI C-TF-IDF 1%, #iba#E
H2»EL M ANEHLOEIZ] 25 queue DEIEIC
Mb3EoERTIeIEILTNWEEWE S, —TF,
Bi % B 28 L CI3@EH @ C-TF-IDF DIE 5 BETH - j
2. BZEOLHEHEEWR, 70aX Y 25, queue out n
HERE I WolebDhHIDmneEZ, 25 LER=-Y 1 2
B EMIGEAEEZOND. Ihohs, BEAMIFLE
C-TF-IDF IZFEIC oW THID X BHBAL 725 O 2 EUS L 7= B 10 CS166[3] D#4 ® P.33
WIGEICERT, @E O C-TF-IDF 3EEBAEDFHE L T
WBR—VEIE LEWVEAICENTH S, WHEERT R 7 queue THONLIAX Y PO
HERE axXyh

'3 memory AN DETT, EA[F L7 C-TF-IDF DX
a7 REL ot FDd, EAMHF L C-TF-IDF i
BEREDPRET IR-IERKMLTVWEEZ LN,

4.4 LEDER

LE, FEROFICED SN TWRWS, HKEBREEEOH
T 0S205L % CS243 IO\ TIE o v F Y 7T A S Z ik
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D BEEMERHD Z5RBDERATAL F 1T
NBENTPORTZEIRDDEBLE L TGEALELS
E RADHAZTZ0BELVEBolhs

H FANSEH L OB EDEID 7200 5

hrotz. THHORIETIE, ShNRE LI-HEND %
DHIR L ed o7z, BESEBHRHONBICHF > TV
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EDEZOND D, SHAINOHGETHHAELDLETH .
AR TIEHFELRERGE DT TV, —F, PAERE
HLTWAR=YDMDOHEFEIIERL TVRWL, R=ID
Kz ER T 256, HETHISay 4 Y EMUELAWT
RV OFAE LR BT 22 e EI NS, 206D
FIREMAEDEL T, K10 DX 5 %8787 18[H
DR=—VEFHRLTELDI L bAREL 3.

5. FH

ATk, BEHFOEEOFEEMCE OV, BIEH
EHZTBEPRROR-VEHRT 220D Ra7 Y
VO FHEDORREEITo /. Ra 7V »72iE TF-IDF % H
W, FREBRIEORBICADE T, KRV EAMT,
EFYEZHWTR a7 2IEL. FHiiIHO > 27 L %21/E
. L, Stanford University DfZEERZHWT, $#2EFE
DARAT Y YT BFEERREITo 7. EEN T VX
YIURMER U IFERRE, BEREDN T VX v I RER LT E
BRo 2 EHZEIEL /2. NTDHEER T D C-TF-IDF,
EHYED AD C-TF-IDF, EAMF L7 C-TF-IDF @ 3D
DA a7 DJEN % Q-measure Z A WTLEE L 7=, EEid
5, BEAMIT C-TF-IDF ® Q-measure DEIFE AT L
OO HRTEWEAE 272, TALDI DD,
BHAM L7z C-TF-IDF i3 EMBR—VERT I N TE

52 EDBHSPITHR o7,

SHROMEL LT, BELRRTRa7 Y Y ITOFEE
BEZBIeWNEZBNS. BEOFEEIRKORHZT
FTILIWHELTWS., BEORHEIRT DI, FEFD
R=IMPHWMEHWTRaT Y TRITIZENEZION
5. F7, BIETRLEAT Y 1A T v 731200
THMEFDBRETH L. ATy 711X, ZEVD D R—
WD OVWSRETETOREZIGET2 L5127 3%
ZETRWEEZTWS., A7 v 7313, EBTI3EED
BIMETEREC, #EREFCERENDR a7 EED
BTESMETE L. SRATFLADNEH LR BT
ZrHESNMNETERBRNCTRT ZEPMENTH S E X
LB, BERCYDES A —Y A, X7 2 — AT
RTBhEED, BEE2ITS.
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