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Abstract:

Realization of Audio-MIDI conversion tools are requested for creation of playback-control data such
as for MIDI-Karaoke machines, and for development of an automatic music notation system. In these
days, a Generative-Al technique is highly advanced. For increasing quality of music generation, we
can also provide MIDI contents for machine learning by converting a large quantity of waveform-
audio contents. In these applications, precisions of converted MIDI data from audio signals and time-
frequency analysis play an important role. However, there are two kinds of problems on analysis of
low-frequency components. One is difficult to increase resolution of frequency analysis without
sacrificing temporal analysis resolution. The other is difficult to analyze missing fundamental
components in recorded audio signals. In this paper, we propose an improved generalized harmonic
analysis method, which can increase precision of low-frequency components and compensate
predicted fundamental components in a time-frequency analysis. And we report applying our

improved analysis method, to our developing audio-MIDI conversion tool.
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dE(p_l'p)_NZ{E(p,n)+E(p—1,n)} (6)

n=0

3. 2. 3. JEEEENT - —BALFRFAEAT (B-3)

fRMT 7 L— 2 p 1% q B B —BRACTARIRNT 24T O W EffT 7 L— L Th D & L, fjir 7
L—AL D FS%E P T 5L, Pl@=p EEL, AIEMIT7 L—2L4 g lI2B 0T, —fk
FRAFNRAT (2 X 2 58 Eo(g,n) (0<n<127) & EF L, WIHEE 2 T-1 &35,

(a) /— KT N—n % LT Exg,n)<0 T, 2> E(pn) i KIZ72 5 E@hima) %KD
n’Zmax:So(p,nmax) s '?" o =72 L N p:P(q) L j— D, (S)K%%gg'ft L7z M—F(7)£t ZHWT
A(p,nmax,mmax)}s AgO) B(p,nmax,mmax) ;E ﬁ%‘%j— % °

T (MmaxMmax)—1

A(p, Nmax» mmax) = ; Z (x(P. i)-sin (27Tf(7lma;, mmax) l))

T (nmax' mmax)

i=0
T(MmaxMmax)—1

1 . an(nmaxJ mmax) g
B(®, Nimax Mmax) = W x(p,i)-cos I
max’ max N

i=0
E, (q' nmax) = A(p, Nmax Tnmax)2 + B(P, Nmax Tnmax)2 (7)
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(b) EFERIE L72 A@Amansmma) 3 & O B imaxsMmax) 2 T, LT () TH > 7 /LS
x(p)DETDELZOSKST-N) 2 FHTDH, Z0 L&, FMEKOKS BRI ES S,
P — I mAELDZ EE2IET 5720, Sk 14)TIE, p FEHICHH ST 7 L — A
x(p,i) (O<IST-DIZxF U CHRIB MG 2 B L, T 7 L — AWNIZ I 1T D HRIE /040 2 B A B3
w(p,i) (0<w(p,)<1) & LCTRD, SRFBEBICEAT T E21T-o Tz, Lo L, IRIEEHER
\CHES LS EHBMD Y | SRPBIR ST AT D Z ENFE L2720, AR TIEEO)
KO L IR A~OBEAMIT 2iTh L 91 L,

2nf(n ,m q
x(p, i) = x(p, i) - A(p, Nmax; mmax)' Sin( f( Ay max) )

Fs

2 (n ,m iq
— B(P, Mnax, Minax)- €OS ( f( max max) > )

Fs

®)FUZHASNTH T ES x(p,i) e B4, B (a) OLPIZEY | 0sn<127 DT
DEREEAE Ef(qn)DIEN 0 LL EOMEICIREEN D E T (a) & (b) OWMFEZMEY KT,

3. 3. EEHEE - BINC)
AFECITHRICA T > g Vo CHRESHEE - BINEIT )M A2 BINTS, 22T, 2 vy
T Ty o A HE I GERDOKRIE) EFHEN DB BSOS\ TS 5, X 3-(A)C)

15y E4
" (14) C4!

— ®ca |
N fan VPRRULLS i
B i : :
) wa @ @ @Oc-@-
. 3)G2 ® @ | !
/j 2)C2 @ '@ < anc: @ ET
i i i i !
M ct -@- 2z xn
(A) (B) ©)

X3 v Ty AKX LD
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IE, R CHEACL L C2OEEYET ) T & EICHER SN D55 25277, Zhix
Cl & C2 &9 65 & 130 [Hz] &2 ARSI & T HHEEOEITH D, ZDRF, Has -
MIDI EJRCU F s O JE I EREIC LV . K 3-B)D L 912K 3-(A)DEEE C1 KRRy
R ETIIRET D20 HDH, ZORF, K 3-B)DEFNDORIKE C21%, K3-(C)DF
FIOFALE TH HIE C2 L EEITFE—TH D0, K 3-BIUIBWTHRAMCR#E I D E
m (EyTF) i, K3-(C)DC2OEHIZHEHZI T, M3-(A)DCIDEHITHZ x5,

BlH, M 3-B)DEHNT, KM 3-(A)DITE Cl PMRARICHFAET S L)@ sn, X3
-B)YDQR)N S (10)DfEHRIN & FiT, 35 Cl Zise T 2HEN e FOBER RICTH, =
NN, ST e Ty U HEAENTHD, BERERR— BV TS MIDI £
PAORR LT H01TFE UTHEARBES (EF) OSTHLH72D, K 3-(B)D L 9 72 E5
L ORBME E T %A, TSN ESORIKRE C2 Ttk HHZRKICHES
N5, BIEE L VIRWEE Cl 2855 T 20 ERH 5,

C2 ENEF THLINEET TH DT, K 3-(B)EX 3-(C)DEERINOAREN W T
5, BRI, C2ENPEETHL%,G. K3-(CO)D X HICK3-B)D G2 HX E3 &2
FAEL72, AFETIE, BLFO X ST, Hlrktg & 3 2 R0 F IR LT, HH Lo
FHE LV ERO 4 BOBFEOSEIEIC, EED 28 FEOVNThhZHBI L, L& %
Wsed 5 PIEERET D,

J— FF N —n T RIS 12<n<63 123515 2B Ex(q.n)% . n=12 725 n=63 DIJIEIZ
WO LT D, Egn)atEid, 2HE~SHEEOWVTNTH D ERE LT, Elgn)ll
X9 D 4 OfEE RS DR Sum(b)(0<b<T ) LA F(O)RUZ LD 8l HH L, Sun(b)D3 i b K
XD b BRD D, TOWE, RFIEE 21T O (55 LR 7 — U =82 X 54
BIECS E(on) DIEZE T %, 235, 2 55 ~8 (55 O EIC ST 5 8 HD ) — h )
Ne— e F T8y T =TV No(b) (b=0,...,7)% . Ny(b)=1{0, 12, 19, 24, 28, 31, 34, 36} L FEFH L
Ty 12No(bnar) D5 e Eo(qn=No(bimax)) PEIZ . Eo(g ) MET D4 EEIT O,

Sum(0)= E(p,nt12)+ E(p,n+19)+ E(p,nt+24)+ E(p,n+28)
Sum(1)= E(p,n+7)+ E(p,n+12)+ E(p,n+16)+ E(p,n+19)
Sum(2)= E(p,n+5)+ E(p,nt9)+ E(p,n+12)+ E(p,nt15)
Sum(3)= E(p,nt4)+ E(p,nt7)+ E(p,nt10)+ E(p,nt12)
Sum(4)y= E(p,nt3)+ E(p,nt6)+ E(p,n+8)+ E(p,nt+10)
Sum(5)= E(p,n+3)+ E(p,n+5)+ E(p,n+7)+ E(p,n+9)

Sum(6)= E(p,n+2)+ E(p,n+4)+ E(p,nt+6)+ E(p,n+8)

Sum(7)= E(p,nt2)+ E(p,nt4d)+ E(p,nt5)+ E(p,nt7) 9

3. 4.  [EERIMIED)

ik 14) T, RRREH SN 0<n<127 OET OB E(g,n)Zx LT, KEFE 5 IIE
IR REE 2~10 55 ERE LT, &4 ORF I3 T 5 I8 E 2 IR IEZ1T> T
W, ZOFETHE, WEEEyEZ W R LTHLEEESTNECMER D72, 22
T, AfETlIE, BB SN 0<n<127 DL TOREM E(gn)lZx LT, @S5
NEIZ 6k 5235 & 335 L OE LT, 2~10 55 S5 d 2 EEIC 6 L CREMIEEZIT ) £ 9

79



Iz L7z,

FRUEH ST 0<n<127 O TOIREE E(gmZxf LT, 2,3,4,5,6,7,8,9, 10 {5DJE
WS T D 9EHED ) — b F o nR—F Ty T —T /L Ny(b) (b=0,...,.8)% Ny(b)={ 12,
19, 24, 28, 31, 34, 36, 38,40}, LEFR LT, OB MIEEZITY, £ LT, n=115 15 n=0

DINEIZTRIENE Eo(qn) % FHT L. 0<n+N,(b)<127 DA,/ — b T2 3 —n+Ny(b)ZHHET 5
FREEAE Eo(gntNo(b) 2 IR DB MIET D, ZORE, f5H OWE b OIEIZ LA L CTHIIE
HEELWESE D,

Eq(q,n + No(b)) = Eo(q,n + No(b)) —

(b+2)JE 0(@,MEs(g,n + Ny (b)) (10)

yiX, EOEKECHEMERELZ L X5, @O TIEy>0.2 ITHE L THEMIEL
1T95, R—HBNEETHEBEET, 74~y MNEDEESEE L TELTEBMLERD S
BAE, y=0 ICRE LEEMEE2IThR XL 51295, K10 L DM EZD E) (g0
EOYE . El(gn)=0 &35, (10)2UZ X 0 #iE SN -58EAE E,(g,n) % Edgn) & L TIRA
T v 7 OFRNTE R OEREEE) LI I IE# OB E2 @A 5,

3. 5. [fRHTEROERELI(E)

q B ORIEMNT 7 L — 2T K0 ST S vz ) — b oN—n OfENTE RO
Z [KZ Time(q), W#fE Length(q), FJEWHE n, EIEWI S(P(q).n), TEE Es(g,n)] & L.
B ICALE T DTS 352 & OEFE AT REM: /N T A — % Conn (WIMMHE. Conn=0) %X E T D,
XD, BERNCHEEET 2 ¢-1 FHOREMNT 7 L— ARFIET 256, ¢-1 FHO AL
fENT 7 L — K K0 BT Sl — o —n ORETE ﬂaODEJz 5y & [REZ)
Time(q—1), WEf1 R Length(q—1), EEIEE n, BIEFEEL S(P(g-1),n), HBIE E(g-1,n)] &7 5,
qg-1 T B O ERBDGFE LR OVEE, Conn=0 L9 %, W4 Time(q)} X O Time(g—1)i%
%2 P(q)& BB L P(g-1)ER OIRN 7 L— 2D 1 %2 F IO FEE(E 5 Lo
TNT RV AR TV TS Fs CRESTHZ ETHLND, FEEE Length(q)lx
{Time(q+1)~Time(q)}-8 T, W& Length(qg—1)IL {Time(q)~Time(q—1)}-8 TH 2 b, Btz
BRIEfENT 7 L — DDA D ZEZ ZF DO E EFRFHEICHET D L EOUNNELS 25720
1 X0/ EVRES B2 IR, 8=0.77) ZR/ET D, 7o, ¢+l FE O LN~ 1/~A75>
FAE L2 WA R Length(q)lX T8 & ¥ 5,

AUWICKREEMICEET D -1 FREBELV ¢ FER O 7 L— A0 2 ST &R I3 L
T, /=Moo n—nlZBWT ETLl OEBEZZE L, RBIEKREEZEE L, -1 FH &

q T H O 7 — LR ORI DO ZEDFTEME Nay A0 T, WG OFREN K 2 FrED L &
UME Liin LA T2 BT OFRE D ZEDFTEE Layr LA T THli O@EEEN RO H L5 E
BIH . LLF1-1)~(11-3)D 3 O WFT i 7= 3354 #ifs nlgeEtE /T X — & Conn |Z
EOEEBET D, W, ST 14) T, B IEA1-DRUTB W T, Eolg.n) —Eo(g=1,0)<Lay &
IR ERBEL TN, BENCEE SHABEMB A OND720, KR TIEX, |Elg.n)
—Eo(q—1,n)|<Lay & MERHEAT & 12D 5,

IS(P(q) ;n)=S(P(q=1),m)|<Nais 7> Eo(q=1,n)2Lmin 71> Eo(q,n)=Limin
D3D|EN(q.n) —Eo(q—1,1n)|<Lay % i 729854, Conn=1 (11-1)
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|S(P(q) ,I’l—1)_S(P(q_1),l’l)‘<Nd4fZ))O Eo(q_lyn)Zme Z))O En(q,n—l)Zme
MDIEo(qn—1) —Eo(q—1,n)|<Luy & i 72356, Conn=2 (11-2)

|S(P(q) ,I’l+1)—S(P(C]—l),n)|<Ndif7f)\O Eo(q_lan)ZLmin 75)0 Eo(q:n+1)ZLmin
MDIEo(qn+1) —Eo(g—1,n)|<Lar Z i 723 6. Conn=3 (11-3)

AL RO L WVEOEER 22 E ML, Na=6 [HAL : 15 % M, (=25 &3 5%
Bl L=l [HAL : X7 4]0 Leg=10 [ a7 0] Thoh,

Conn>0 DA, Fi\ T, BEISEAEUEE N ET L CWA IO I AT 7 L — 2% g, &
HE L, Zhucxt LT ER g & B Offt &8 O ATRetE 2 fIr 4 2, qo 2 B O I ZEfRbT
T L— LI L0 R ESRNT ST ) — b —n ORI FE O RS & [FEL) Time(q.), W
M5 Length(q,), FJEWEEn, FIEFLE S(P(go),n), T8E Eo(gon)] &5 5. qo 75 H OFHTE
F L q THOMHNTEFE L ORI X v » 7 Time(q)—(Time(qo)+Length(qo)) )3 Teap AT T\
=T nR=nlZBWT ET+l OEBEZEE L, RIERBEZZE LT, ¢ &HE ¢ &R
DRIEFRHT 7 L— 2 & ORIJEEE D 7D PTEME Naay AT T T OEHMENRD b D55
Ay e, UFA2-)~(12-3)D 3RO W T gl 7% 6. q & B Ot #E 4 g &
H Ot & FRIERE T 20 &2 FEITT 2, AlD, g0 & H OMITERORFHME Length(q.) %
Time(q)+Length(q)—Time(q)\Z B H L, g & H OMT &R ZHIBRT 5,

Conn=1 7>2|8(P(go),n)~S(P(q),n)|<Naair (12-1)
Conn=2 7>2|S(P(q0),n)-S(P(q),n—1)|<Naay  (12-2)
Conn=3 7>2|S8(P(q0),n)-S(P(q),nt1)|<Nuay  (12-3)

BAE S D qo F H OfENTH RO EJE WL - BB EL - 8,

Conn=1 2> Ey(q.n)>Eo(qo m) D, FJEIEE n, BIE WL S(P(q).n), T8EE E(q,n) " 55T
L.

Conn=2 7> Eo(q,n—1)>Eo(qo ,n) D5 e FJEW I n—1, BIJEEEL S(P(q),n—1), 5REE Eo(g,n—1)
IR L,

Conn=3 7> Eo(q,n+1)>Es(qo ,n) DY e FJEW I n+1, BIJEEEL S(P(q),n+1), BREE Eo(qnt+1)
IZHEHTT 5,

FREHERE R D RT A= Ty & LT, LR 14)TIE, SI2 V2T (7Y v T EME
B 44 1[kHZ) DA, 11[msec]) & EEEZRE L TV, ATl — M FonR—=2¢
WCAIZBICRRE L, T 7 L— 2R Thm)ZHHl+ 2 EZRET DL o Lz, #lziE.
Tea=4-T(nym) & 2%, TAUT KV | AR O SR fERE O ] FIZ M S | @ IEal O R 43 i
REOIKTFZMIELTE 5,

Fo. RREAERFED/NT A —F Nagiy OFEERIRREMEIX, Nea=8 [ : 1 ¥EE M,
(=25 LT HWMBEICTH D,

3. 6. J—MXUMFFL(E YT XUREGEL) (F)

ATET TR 72 RERF O fEHT B 6 OEFEAER X, REfEIES R b £ THiET 5B
DOFFNTETRITH LT I LTV I EBISHE S ST [R5 Time(q,), W& Length(q,),
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FEWH n, BIEIE S(P(q0)n), TREE Eo(gon)] 12X LT, 220 MIDI / — kA X hZ
T D, Widlg,) T, /— b Fon_—n O — "+« A XU MEFITL, 2T T 4
5 (0~127) 1% Eqo,t) DI KMEE Epae & LT\ 128-{Ef(GotVEmar} * TH-Z 5, BEAIIZOWN
CTliE. Standard MIDIFile CTiX, HERTA X2 b & OMIIEZ (T 2 A L) ZEHETH
ZDHMENRHY | EOREAOBEAIITREICER TE, B, 1/1536 [sec] DHALIZZEH L
ThH 25, £ LT, Time(q,y+Length(qo)DWA| T, EEFD /) — hF o _"—plZk LT/ —
NAT7 e ARV NEFRITT D,

X 0 FIFE ) MIDL A X2 b ZERLT B 72 0121E, BTSN CIT - 78S PR 21T 9 B D
BN E RO ERGF L TBE By TR R A XU M/ — %O Y F % 1/100
TN THIETE D) HAWI 7 ZAF Ly gy A XU () — AU BOEEL 128
EfECHilfi ¢ 5) ELTHBELT, /= AV BIXO/,—bF70OA X2 hOMIZHH
AT D, Bl 2T HEFER G SAL72 g B H OfNTE R Oy % [REZ Time(q), Wef#l &R Length(q),
FEBEE n, BIEBEE S(P(q).n), TRIE El(gn)] 12X LT, BERNZEEET 2 ¢-1 & B OffhT
HHZORS % [ Time(g-1), WM& Length(g-1), =R n, BIFEEE S(P(g-1),n), 8
E Efg-1,n)] 3 25E, By TF 2 ROMEE 4096-{S(P(q,n)-S(P(q—1),n)}/M,+4096, T 7 A
Ty a Ol E 128:[{Eo(qnYEmax} " —{Eo(q—1,nYVEmax} "1 +127 LEREL T,/ — A -
ARy NRITHE DT VA XA I Time(q)-Time(g—1)DEFZZE v F_U K« /X2 hBLW
T AT L yvary e Ay MNERITT D,

ZDOKf, )= EF ARV PEE Y TR R AR PBIRZIA TS Ly g
AR EET X o RNES TRIGHT 217 9, MIDIHEE CTldfiK 16 F v > F /L Tff
HATEXDM, % 10 Fx U RUVTEFIT = v a VROIEFHERIFTE VL4 THNT
WBT2HD, ZOF ¥ o FNAERS ISTEEOTF v 2 OWNT N ES ) — hA XU R E
VFRUR e A RVINBIOZ I AT L yyay « AX_XUMIEVYTEH, TOEH,
SFRUR e AR PBIRZ I AT Ly gy - AR_V MRS L5, RRHICRS
TED /) — XU MI IS FTEICHIBEND,

3. 7. FnEHOFEEG)

MIDI £ 52 a3 2% BT, MIDI & CAER AIRE 72 [ E I SV T H B ET D44
BN 5, WM ISR EYIRE () — R REE) @ — b A X2 h OfEE R E R
A L, BlZIE 32 g (Mifiory Ty REHEH L TWA5A51F 15 fiig) &8
X TCWDEFN RS0 o oA 1, SREIICELE O ) — b A X2 b ZHIBRT 2 08
EAT9. WAL, FRFICEESNTVDLE S/ — M XU RRtoRa v T it T = b
—>a Ml (/) — M TR — ) — b A VL) OFF (=L — i) CEESCE A TN L,
BREDRN ) — A Xy N a1 xt D EHIBRT 5 HEE L 5,

ZIr9T5HE, KA-(ANREND LI/ — AR MRBEET D /) — A X2 b LB
MICEBRT 25512, K4-B)DO X HICHEREEEZ ) — b A X2 R HIBEIHIBR S 1
TLEI, I T, LMk 13)TIE, M4- ©ODITREnND LT, /— bARY b &oE|
LU CHHNCERE DR ) — F A Xy N ORI EZHIBRT 5 FikaE Lz, /— b4
B o7 EICK LT/ — MBI D OFGRIFR CHE L-EXe v T (Hx
BHL, fiEXa T ¢ ECELEZFMMm L, FHEMERLLTICR D X5 BEEOKW /
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1 () FniF ER B R OMIDT 7 — & (B) BLMHIBR  Fnag sk 1 1S3t
i )= MAVBER T2 RIS D ) — b
v r_j::;:j A RBEIBRERTLE D,
! — [ 1]
o F_LT__J [ ]
v
% ]

l i ]
1 (C)BESRZE : A N FDoyE (D) BEARZE : FnEdk 1 12 aiksk
; /= bAVRERT 2 fEIC
v LoE. /S — bAoA
0 v R R 7T B,
.\‘ é
=
4
7

FREH FREHE]

K4 BEREO ) — bAoA X2 hOSENT K G S ke

— b ARy b EREIIC ) — M7 SELMIELEEITH, ZOE, N T o lE
37 2 L=y 3 VEOWTILRETED FIRIE X VARWEGE ., I BIRE S HIBRT 5
LR H N Z 5,

iTEHD ) — XN EGD /) — A KL % Ei).time, <0 2T (fE% Ei).velocity
LT B L Bt GEN).time)lZF 1D ) — A X2 b E()DMIES T 7 4l V(i)

V.(i,t) = E,(i). velocity-e(tEv(D-time)t (13

TEFRT D, tIEERETH 2 I1E-1/1536 52 5, (BIOHENZ 1 HH7-0 1536 &5
ALl 1BBICIRIICHETS,)

3. 8. EvhL— FOWREH)

MIDI 7 —# JE U A $ 5 BT, MIDI IR CRAEAIRER By F L — MIHOWTHHE
T DMEND D, KT s fl 2 X 1 BRI, — A E72id ) — M7 oA R
FOEEE T b L, FxOFFEEEZY 5 31 K (40bits) & L MIDI & CHLEE R E7R
HAREY hL— K% 9000bps]& T 5L B6HiOE YTy REFEHLTWAEAIT2H
@ 18000[bps|F2EIZFXET D). 1 B H =0 A <2 MDY 9000/40=225 fH % 2 TV D X
MR RO A1, ZOXRMICHFET S/ — bAF U ERIF/ — A7 DA X &
BrHTID ) — AT ERIT ) — b A DA R N ETERENTIERL, £/ — b
Ry bxoNa T lET 2 b —a VE () — MAETRZ — ) — N A UIRZ]) OFF (=
FVX—H) CTELEEAZFHN L, fEEA N2 MES (225) 12725 L 9 ELEORK N — |
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A X2 bR ERFTICHIBR T LB 21T 5, ZOB Nev T @ik 3T ar—va
TEOWFTNDMFTED TIRIE L VAR GE . BRI RERE S HIBR T 208 EINZ 5,

4. FHAhFEER
AT E TR A T & 7o AR 2 O IR [ BT & M7 A A T2 A —T 4 A-MIDI £ #
Y —)L % 32bits-WindowsAPI (Win32)% H\ T 32bits-Windows10/11 7 A2 k> 7« 77
r—var& L TCEBCEELL, KETITIEZXEOEFEREAR 7 — Vg & ORI &R
Z T AR Y — W ZFEE ST B IR SRR AT 15 D BB FA S DU TR L 72, 1.
RETHTRT D 5 HOFHHEI WAV 7 7 1 /L ("F5_SinewaveScale88.wav’72 &) (2D
Tid, ARKRE TR T2 FH R — L= K0 | "TestWav_kiyou.zip” &\ 9 A FRT—KA
vrra— RA[EETH D,

4. 1. IESRHE 88 SHF MR o — L & T 7 JE I BT B O R

XU OIT, IEKEE W CEER ORI OV TRl L 72/ R 2K 5 12rd, K5
(AITTRSINTND LI, BT 2 O 8 FITKIST D Y- E % 0.5 FPIRIRRIC IEGLH TH AL
L 7= BH% 2°F5 SinewaveScale88.wav” (1 7"V > 7 J& % £ 44.1kHz, & 1k 16bits, € /
FT)ATxF L, AR @ﬁ~74ﬁhmn£@/~w%mw F2D1)R)BNREND
SFEO 7 L—LREAZREL T, MIDI BRI H L2 K5 R %2 X 5 -(B)C)D)IZRT,

B 5-B)C)D)X A S 7= MIDI 7 — X ZMBAOE T / v —/LljE TR L2 DT,
BN OE SN/ NS REERERF () — M XU b)) 2L, BIREREC, RO
FREIL ) — R Ao/ — b4 7 KE (FEfil, 72— 3y) %/TT ficahi I g m (/
—hFrR=) ER_avT AR L, MEFMOBRO P RAE CHEEEZR L, MEFmOME
FEOREITHME (Nunv7 1) bRLTWD, HEOAITE EODBE“% 2SN T 12 Al
BT LTEY, A7 % —7E VOFEXFE—OBIZR 5,

K2 THRESNTWA3FEHEO7 L—2a KX, WTFhbRIEED /) — =21 (A-
1) 2T CELLICHELTZ DD TH LD, K5-B)D7 L— ALK 2048 DR ETIL,
/= FF =36 (CHRI D FH XL E L TFIT TE T 7220, X5 -(C)(D)DaE Tik,
NOETOERE CEY) 2T G O TWD 0, I5a»@7v LF 8192 DFRET
X, /— b o R—53 (F)ARIMGOF X, 3.5 i Calk 7= RT3 37 O LLEE(B) A3 i B | 2 Bl
FEL TUWRU,

Eli FITFI DT L—L5F 4096 126 LT, 7L —AER2fEFIZRESNTWDHD

BAERD/RT A —H Ty T 7 AV D S12 DF FICHESNTWEHZOTH D,

%;T\ 5 -D)IZxt LT, #AFEHRD/NT A =& Toqp & 7 L— A RITHAI LT Tep=512
ﬂ%anm4@£9 2 fFIZRRE LT MIDI #4200 B L7/ R 5-(B) T, 2T

W R ALER N E UNCEIMET D K 9 IC o TV D, 272, SR D /R T A —H Ty %
ﬁ%<?ék WW®%ﬁEﬁTLFL% 2720 RS %%ﬁﬁ?bfhi50%®t
W, 3.5 HiTlRRZL | ﬁf*laﬁﬁrﬂ@/\7%~5f Toap % SCHR 14)D X 9 IZFEEEIC
ARG T Toup=4-T(n, m)@ot I, R 7 L— AR T(n,m)iZ ttfiﬂa‘éﬂ%%ﬁ@%a&ﬁa‘éi

21z LT,
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