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Abstract

Discrete Cosine Transform and Inverse Discrete Cosine Transform are wildly used in
coding and decoding of image processing. So far, it has adopted by many international
standards like JPEG, MPEG1,MPEG2, MPEG4 and H26x etc. It’s difficult to satisfy the

L

requirement for real-time by software owing to its heavy quantity of computing. Therefore
we used to adopt hardware circuits to satisfy our requirement for speed in many practical
applications. The content of the thesis researching is that hardware implementation of § X
8 2-D DCT/IDCT IP core for application of image processing.

The thesis introduced principle and effect of DCT/IDCT in image processing at first,
and further elaborated the advantages of DCT transform. And analyzed and studied
various fast algorithms of DCT, summarized the working for DCT fast algorithms and its
VLSI implementation which has done by previous researchers. Based on characteristics of
image process and IP design idea, combining DCT fast algorithms and hardware
implementation, on the purpose of improving speed and decreasing area and power, the
thests presented a way of DCT/IDCT hardware implementation. The way adopted pipeline
architecture and changed 2-D DCT/IDCT to two 1-D DCT/IDCT based on characteristic
of row-column decomposition. In the design of 1-D DCT/IDCT, since we knew the value
of DCT cosine coefficients, by making use of its rotation characteristic, multiplication
function can be designed by shift and addition logic instead of direct multiplication unit by
which can save design r'esources while improve the speed. At last, synthesize and
verification for design has been done. The result shown that the design could complete the
function of 8 X8DCT or IDCT under 100M clock frequency. Except 64 X 15RAM which

design needed, other logic area is about 55477.90625um 2 after synthesis by 0.35
technology library.

'Key words: Discrete Cosine Transform  Inverse Discrete Cosine Transform [P

VLSI  Pipeline
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3.1 DCT RREENE
3.1.1 —HEFHRZETIRA-D DCIRERE

DCT & 5C i N.Ahmed % AT 1974 3R, BEIRFEH X (n), n=0,1,++, N -1,

W X (n) I DCT E X R
- 12 T @rt+ Dk, o ] _
Y(k)= J;s(k)éX(n)cos[ N ], k=01, N-1 (3—1)
J2

B“E=0, k) = - A1 <k < NIW, gb)=0; YE)REE LA DCT

R¥. BEREERR, UE: x=[c k. ,=,.q=[cn],,,k=\/%gk [cos & DER |

ON
%R DCT A5 #4E I
BHEKZIEER (IDCT) XY
- [2 < Crn+ Dz o _ _
X(n) \/;g(k);Y(k)cos[ v ], n=0,1, ,N -1 (3—2)

1984 &, EP/BRESRERBREER DCT 40 m T KD, 5 THM =
DCT, WEREHEWRRE . —M DCT RBE RS HFF: RAESS5EEEE,
PRMEZHRETEREEM L, BENEREY TRORERINEEEE,

Al %R FF DCT # DFT. DHT SEXTH T AL E, Al DFT & DHT
REFERTE DCT. HEEETEME, TETHELLBREERNES, R
EREM—EHSMNRIES R, B FEEEERNYSEE SN DCT H 45 H 5
SRR, FUENEEE EERIEARIIEEER S DCT T.

EREEAIE DCT BN MR, BIAEEERE AR, T2 47 L e
R ARG IRAE P S AR R BOE I SR, TR A R s8R DCT S5 BE i 9 re 1t
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BT X, EEK DCTIEEE HikEghy,

3.12 Z% DCT (&M

“HDCT X A4-
N-I N-]
YD) = 3 66 33 X(rmycos DK o (@ +
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k:z=0:1 """ y N -1 ' (3_3)
Z 4 IDCT 2 X A
N-1N-1
X(n,m)= gk g ZZYUC I)co [(2”+1)kﬂ] s[(2m+1)f:?r]
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3.2 KGR
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ER—RRATHREF P EEE . KEAKERR MG BB N B LS
REFFERU (FHKE, B—HHF—IFESRE) , L—BUHH R F— S8,
HRNIKERBRE —FEH, TRIEBE. MK HAT SRR —FhE E B T g,

3.2.2 FKZEH AW SIGE

TR E MR 7k DB R R . BEL R T A S R S a s
FINA, 0 CPU%. HEIWITEH CPU, Intel HI77 B 4b B2 B8 75 5 4 B0 B Fu i 47
ISR TSR A T WK A LR B IR0t RV &% 0 B 32
TERREEULR. EASICRI T, FkSaEmRIREALIEE NS B )
SR SPLREN — M EBAES, B Verilog HDLER KD S AIRAEL, B/
RIHIRE, AR EG A B E OB S 4. A5 R ket R
LR BB R AR VUK B 5 MO R ERBIE RS A B2 2 Btk 4 4 g AT
MRS R

3.3 BIRGFgt

$imDmmmﬂmﬁﬁﬁﬁﬁ%ﬁﬁﬂﬁﬁﬁﬁﬁmﬁmnEmmmgmm
%ﬁ%m,ﬁﬁuﬂﬁm%ﬁﬁﬁﬂu%T%E%ﬁﬂ%ﬁ@ﬁi,%%@#ﬁﬁ,
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b o#H oH Ok 2B+ F E B X

MAKEHIRIRIFEEEN. 3TF JPEG ki, BEKE W WNHE RS
7y, By L5 ) DCT R # I B 0~255( R E S KES), MHrE & —1024~1023,
MK ®E & LHRMARN 11 88 d, X IDCT, MARHHIMEKR: T MPEG
K, BB RGTWIARIZHN I DIER, EHMEHEH P BEEGH B ER,
P WAl B MR BRI ERNEGREESANEME, FUHE DCT B¥ME NIRRT
] 45-255~255, DCT A58y A8 T5 5 5 —2000~2000, MR EE 9 frF1 12 {13
8, IDCT AR R, &30 HHEFR B 4% MPEG M45#E# 1719, RN 8.3 2 JPEG
PRHEE R

MTERDAE—RRINA, IREHTERER, NEEHTRGERD, W
RUTEEERDNERAS DCT 25k, EREHMRER S IDCT 35#t., DCT T
IDCT &%, EHENTE LR —HE, BTSN, BRTLLE DCT 8A
IDCT ZBRSE—RRIR—NIP %, LRt SE.

XF 2—D DCT K%, WA RITFMEE (RCM) RAEITFISHRE (NRCM)
MR, XT 2—DDCTNRCM, RAMEERZFIEITFIHE 2—D DCT Hug &,

EREEREREN NXNBHABRERNS5HE, FEik Vo 438 BSR4 R Bk g 2y,

A EAIN VLSI SEBLAEPE B ER A RCM B%. B4k, [ RS0 1 4 AR 72
EERUERME AT, AT TIMAAZH R RE, BROHFEEFEL
WRNBIAS S DCTIDCT 2%, MM, WHERT L0 E%, mEEMmn
i, AMTHAKKORI. B, BT — 549 RERCMWYE TS A 2—D
DCT i A&t AL ZRA RCM MR 454, HeEtmE 3—1 PR, W&
RAMFIER B M —% DCT REEEE, TRIFIN 1D DCT &R, Hiy T U
SERAM A 1-D DCT AR TEARFN 1—D DCT 4, MR B
W, MIMAEIEE, HTHEARBENELE, AXOEHRATEE 1-D
DCT/IDCT BB AT, EHFTHE. TR RCM BE, MAEHER
=D DCTIDCT SR 2 B3 58— K 1 —~D DCT/IDCT 358 0% th Bim i 1547
—HlRH, XREER P AR R EE(TRAM), FIEE R IHE RAM K/
7 64 X 15bits, |
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e b F M Ok P M -F F 2 B L

= o &

I' IT(FNH 1—D ¥ ' F(AT) 1—-D

WA | DCT/IDCT RAM DCT/IDCT i

%l 3—1 DCT/IDCTIP #% B4k &4

3.4 —4% DCT/IDCT &#3i81+

3.4.1 B8N a3

TEOMERGHNRS EEREFE MRS, TR, B HE, Al
ZANSHEM L, EEREMIN, EHEHRML, R R TR BB A B AL,
DECHZM—4 DCT HiEE1IEY, RELEHET & B A, R & Fr
AP RELEMHTE. B4, BASHDCTEES S DR EREEFIR AE, AR
HRHEERMEST VLS M. —ANEE VLS SR E NS S EE FE e £ 8
RZ MR AR E RN, MAREENZEE, EIFEPRN RIsH eI,
BRIRZ FFT 8k, ENHFREEENRESE, ARXSBEEFETEST VLS SEI
DCT Rzt T FIFF R . 43780 —4 DCT Bk i £ 5 BT 12K,
() EFRERM DCTIDCT &4 | |

B ¥4 % SR W.H.Chen (323 B4 F e 88 R 523 DCT/IDCT 3587, i 3
DCT/IDCT S5 iS5 R7E T ek 8 SR BE . #13n, SRA BOOTH TRik i i i e ss:
%, SHEMFIERML, W T Rk 2 8 ms i, R TREZEFE,
©#% T DCTADCT ByEAE™Y. (BM A, RERKI AN SBERGEN. 2
vh, WRGHERFESRML, LB, FRFHE. ek

(2) EFHEE M DCTADCT 44
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B H kK F M F 2B

ETHREEN DCT S TREMES, UL BES, EERE SN
EEET. REFBAERET ROM HERFE, FA ROM fE MR fokE,
EEFA DCTIDCT FHALREE RS, BHNMBASENREEESY
Hof, 4T ROM 7, WRIBHAFIEXT ROM BN eyl sy F oo A
BN, BEE USRS, BWERS, EHeRaRLTelys
RN, fREAT VLSI B, (B AR ROM M FEEA KRN T 3 1 i EAa,
i B Xt ROM S48 iy i ML B i S MR A AT S, AR A RS T
HURB RGBT SAE. 540, REWERNIEER, EANEF=HTE,
FERE LR R . HTRE FPGA A A 5% ROM #iR, T H FPGA B S AT 2
ARTBETR . FrLl, XM AL, £HT FPGA I |,

(3) ZETIKIIEEFH DCT/IDCT 44

KIS S B B H.T.Kung T 1982 18P, BkEnie sl by — 415 8 5 5 1
SCRRETPEE R, ®4 PERTERHN. MENHRIE, 4 PE R 544 PE B
WHhERS:, BRAERS, WIBSITERFKEN PE, BREANEENENLE., kEE
FTAEEN, KRR T VLSIERE, BLEWMN. DCT WRIBRIRKE, %
ANBEERER, SWTIREE TEREI-SER PE 2 R85

k) R FI BT 34T R ACRIE TR AR A B, BAEREL. &R
W REARERFS, EET VLS LR, ERSEFIEEERE M ERN S 53
5, BHVOAHBHEEHARE. F45, EEAPENGEHEREE. BliFse A
RESEWHE. TH, BT/ PEASHEEAT, GHAEELIREEE, F
| TOEAGEAERK,  ELMHRESULEH BT S bl B B A . 858 R A 7B B & vy
PR R R RKEIRES) DCT 2 I3 L T,

(4) ZT CORDIC IZE A H DCT/IDCT &4

CORDIC 24 pRIEFH T EHLAGR A R R Volder F 1959 48 41 3%
RO, XA BRI R EA, ﬁn%%@%ﬁ%&&%@ﬁ% R g e R 4k,
THREN, BETHEE, BETERERITE.

CORDIC $i%2—MELIAE o) = arctan2 ™ #4745 BIEH TSI A

[ .
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1 1 1. A5 1> AL =
ﬁgtaﬁgik%";ﬁﬁ:_%:hmi

2. WITKHA CORDIC %, WEHEH T TeiE88 o) (X d ik S8 R £ S A58 5k
S, b TR, FBNRKESEN, ik T BIEEMEE. 1990 £, Duh 5
Wu B X4 CORDIC 5| A DCT #+E =P, E.PMariators £ A B4 2 Hy 5 DCT #
%4> CORDIC igft R TEHEMEL, RIAN 0 RER, WA TEES,
WA T B, T FZou HARS DCT 4403045, #E5%R—4 DOT ZER/b
] CORDIC #t8, HREATHEEHE.

3.4.2 Z¥NGitEE

UL EXE SRTAAT KLR SRS T AR, S5 & 81 Fachritie 311
AR —THEGHN, EAESRECHRTHNENYSE, BHEs, AT
FHEBA R~ IP B ASIC B3F, Bl EM A, By, PAE T SOC &+t
B Foh, G R B B T SR B LU . WAL R SR
mﬂMﬁ%ﬂﬁ%H%zmﬁE%—Wﬁm%E,ﬁﬁ%TEE%ﬁﬁﬁm%ﬁﬁ,
ﬁﬁa‘j‘aTﬂﬁ‘é’ﬂ’i@#ﬁﬁ%ﬁd\ﬁiﬂm%uﬁ#&iiﬁﬁﬁiﬁn BTLL, RitEEERES
BLH B SRR 70 X B PR B AR 2 A i 1 47 B KREMFARESEE, BE
W ERPY, |

FEERERAG R, BERUMERNE RIS, FTULIn SRR F H AT G
R G RSRERR, EEFIME T 5 /3t 8 b by i A, BT Rk
SRR BV 5 ¥ NS A A SRR o WL EEZ R ASIC BiHHE RIS &, & A
AT RMTF FPGA i1 VLSI Bt 5 ASIC W RHE SRR, 7 FPGA Wit it
L FPGA IR AR QE T —LeBi8 M ST FfEhE o7, HIMTUREERE, Fgey
ETHRRENEHRERT FPGA S, B AHALIF A FPGA HE A ROM 7
&8 T0; T ASIC 3R #H ROM BEHRRNLRYIMER, TLBERE, 5L
AXH R R E EREA S,

3.4.3 &itH3IR

ERE—4% DCT THAL (3-1).
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15km
16

B, 3—5 ATLAEHH, —%X(O)*ﬁ%&ﬁa%ﬂiﬁ%ﬂm-ms s 5 X)) MR E TN

(3-5)

HYk) = A’(O)-cos}:—g+X(I)-cos?—:+-~+X(7)-cos

3k

%X(l)-cosw LﬁX(?)#H?GEﬁ%%RIIﬁ%X(n-coslik’r *Ei%kﬂ’]ﬂﬂﬁ

FDX () WREE 8RR, TS M X (n) T AT E %k, &
& BT B B IRAA P AR A0Sk T B Y (k) -

X(O)'cos-?l%+X(l)wos%+---+)ﬁ'(7)-cos—?—g=}”(0)

X(O)'COS}I-%+X(I)OCOS%§+”-+X(7)'COSI—£5-E =Y(1)

2 =¥(7) (3-6)
BH, WTFHEMINMEX (), BEEBIMEEN 8 M RAF LS

ETHMEM, ZXMBHERSH 3 84 R RRELTIR, B
FALSEFRS, BEWOREREMES, WA 3—2 Fim.

Data input y0~y7

—>{ Multiplication |— "'y Cross

Iselﬁwsel’?
Data output

TRAM <—— Accumulator

1 3—2 —% DCT/IDCT &#

ERABROIIL, AXHRHRATEF CORDIC EHHAN DA, FIm
DCT/IDCT RZ RN BB BB HAS M, BB F 8 X8 14 DCT/IDCT, 3 64 44
HRMEAAT LES, BRERSFFS, B LS BN § ME i,
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B H B Ok %M+ P 5 X

XHP A DIIEREE R REE = WEE, WA LB B A g kool S iE
B, FXEERSRHTHREBINE BRI EEHE, XEE Tk i)
GRAZMAERSES 8 MEAEKRZEKVMHERNE R, WX 3—6 5047, B
B X)) MR RRBEFRA, BFTXE4L3E T2y cos-‘:-‘z- ,

17 17 .

COs =5+ . cosﬁﬁé 8§ MEPH—I. XE, WEBRTNEMEAKESRSE

X 8 MRBETHERE, MXEXEERENXELEREFHFAS, LUEE ML
FMax. RINKSBERMKA, UMH—% DCTIDCT MBHER, B A —g
DCTADCT &4KH 9 FIMAKL TR, EEHRBIBEMA o P EARS, BIrmi=t
W R.

EBBEGH, —FERED T RAERRESI = EMERNREG RS, 5
—HRRERT RAERR T ELAREMEENTEREH. 0 BRAB R T
BRTREMABENREENEELR. AN, STPEREERANGA, ZoEE
WL, AT EIRKENBRIE. Bk, AXFRENENEETTR, &
P, SRR S,
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# b FH H k2 M+ F A B X

4 DCT/IDCT IP#%ByiB 48181+

FERX DCT/IDCTIP BREBE R ITAEE. YATSESHAMNE, FaK
BRUOTIK AN R TEHENE. XERY, MR ELEDSEREREE S
'Eﬁ%o%%%%,%%Eﬁ—%%%ﬁ“m%%Eﬁ,Mﬂ%ﬂ%ﬁ@ﬁﬁ,m
RAGE WEBN (FSED 51, ReMEEEHER, REBML 1 Fesng.
B, JRESEK 0101(HHIE SHBFDN 1011, BAVEHE, EERBBHIBEE
ﬁ,iﬁtﬁ%ﬁﬂML—¢ﬁﬁ%%mm,ﬁﬁ?ﬁﬁ%@%iﬂnwm,+ﬂ
ﬁ@g7—ku,%:ﬁﬂ%@%ﬁﬁ%om&mmzmm,ﬁﬂﬁ&ﬂ%ﬁ%&
ouw«&mn,ﬁ%ﬁﬁﬁ%%%ﬁﬁ%ounum,%%%%%ommAWﬂ%w
IEHRILE R,

4.1 EXiZIRIGiT

ﬁﬁﬁ;%—ﬁ%nmmmﬂﬁﬁﬁﬁam$DGWXH%ﬁﬁimk,ﬁ¢
m%&imﬁﬁﬁﬁ%ﬂwmm,%%ﬁﬁﬁ@%ﬁmﬁﬁiﬁ%ﬁDcmmH&t
R I RE .

4.1.1 EEEE 4B

EHFREELED, RESRENEENEEZY. RESOHEEES, W
BETARKE, TTLRRER S AN BRE SN REEFH AL, S2A4 D
BUFTH, TLEFTRLER, RTRHBEER. i, REBNEHD KT
FIEOHES (RES, REBEAND) 5. B%, TR0 MATR b A D TR &
EAEERE S T R TR,

(1) BT
S P A A TR S B, e BFS (BHTRD) X = [x4x3.x2.x1 X015

TR (BATH) Y={y3,y2,y2.y0} 4. W8 v TR — R 1, Wb e 284
RN T EBTRE1T
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x4
x4
x4
x4

X3 x2
X3 x2
X3 x2
x3 x2

xl
x1
x1

x1

x0
x0
x0
x0

y0=1
y(=1
y0=1
y0=1

R yi=0, MEBMERNE i ITBEE 0.

- — : - — o THehikm |
BN N ﬂ |

SRuEn

TR R A EmAME.

Pt S . e R WA

4—1 BT

RBRIEFENME, BEA—ITHRE X, EMERREEBL, DA AE 4k

£ 4

4=l M TAER FPRIZEN: Motk 1 B3k)5, ¥k

¥yt (i=0, 1, 2, 3) BAL([], :F%XXOE%ME&E‘% ﬁbn«iﬁ%%ﬁ%if:
I BRI 2 (45 ik SR B i A B e, %?JJH#%%EF@E%%{L

B, XHBABMS
%2R N BB BRI B,

RERENERES, BREERFEBY. WHE, T

UK R MR BB A A 5%, FiLl, X

HI TR BOOTH &4 1 5kESR, BOOTH Y B 3T v 28 SR P X T 4T T 4T
FITTEERRD IR, TR T e,

(2) B33

v A
P3| el 28 2 F — (L N5 B8 HE B R — 4[5 51,

CRBRATES, 54—

o linE e e 2 Y N FESIRE SR ESRE AR BBEMEY, TREmE:

—TRAESHRAZE, TR it TR, FEFIFE AR HIEER, AT LR
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oA M Ok B R+ F A X

IR ERTENEKBAEARNTESREER. B 42 FROE—1BF
AX4 MAF SEAMTE, ERRATBRENESIRER, BHES—MEEER—A
—ALERR. WTUUER], GRS ESITIRINESE, BTSSR 4 A
BTHE—T. B FTE—TH p7---- , pl, p0 AT,

=

Bl4—2 FLHE 4X4[MEF|Fepkse
4.1.2 ¥R BBALK PSS ISR %1248
R¥E DCT/IDCT HE AR, 3t FE— AT HNIE X(n), ATHEY®, &

TI/BERE—D X () 2B SRR R ZE FA85, T 8 M DCT/IDCT #F#:, 4
105::

5Z B M cos—(llg- Fl cos

TE.  BTREBDTETRA B0

Ccos(x) =cos(2z +x), cos(x)= -—cos(:rz' ~x) LK cos(x) = cos(—x) ), SCFF I, bF £ R

BRMA, KESTHETOE § MNESHE, ﬁ%kwﬁg,m%% ------ ,m§§D

BT XA, %tﬂ]_ﬂaliﬁ%ﬁ?ﬁ%f”ﬁ% B HIRE, BN AR R
X(n), 7RIFRCLEZH LA RIZARBE ALY, Fl, Mttt = 8 AR
o

&uiﬁ%%ﬁ&%,ﬁﬂﬂuﬁﬂhﬁﬁﬁ%ﬂﬁﬁﬁﬁ5%#%5%%%:
ﬁﬂ?ﬁ%%&%ﬂﬂﬁ&m$ﬁ@,ﬁ#ﬁﬁ%ﬁ%&%%+ﬁﬂﬁ%ﬁﬁ %
%%&%%ﬁ@,ﬁﬁ—ﬁﬁ%ﬁﬁ%%%mmm@ﬁﬁunﬁ%u%ﬁ&%%—
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e b o ok B M+ F A B L

255~255 KM ANESXS B E N KR REMRA TS R E N, FitEN
M F - TFROMZ H, REREHIZEITMABRI R BRELER, XFAHER
ELERZBVEHBELR, MARBMEHEESFE (MSE) , MROMFIEE %
EHEEERE T BB E . KR E R RES FFPGALHL, B N/BLFPGA
CHPEE TROMELR, ATLUMLLFIAE. TZEASICH i+, KT IE— AT
FULA B R T — M ER . REREREEBERANSE, 28—
e, BB —FIHER2. 233 LIS, BNMESEMIRIZRBAIE A TS, H Y
REREARPDTFHRETIN S, ZH, HETER] L FB AT ARIE WM TR
cos(—lfﬁ-) = (1024+512+256+128+64+16+8+1)/2048 = 0.9808.

cos(?—;r-) = (256+128+64+16+8+1)/512 = (0.9238;

cos{%;—r) = {(1024+512+128+32+4+2+1)/2048 ={.83135;

cos(%) = (128+32+16+4+1)/256 ={0.7071;

cos(%) = (512+32+16+8+1)/1024 =(.5556;
o

cos(-l—é—) ={(32+16+1)/128 = 0.3827;
Tr

cos(—f(j—) =(16+8+1)/128 =0.1951;

BARLRBE T 280 n KRS 28 m KT M B HOE LT . — M el
2", AT UM AEBAEL, BLI2" IS FAREET n . SR (e B A
BRA, REBMBURRENERETEBBOREH, U LRAXE, 45T
SBNERXREEBMABOBURY, XERIFEAME. 588, e

HIREBUEE, S Fhstik (LBg) , PR B R Ak L SRR TR, thgt
BT RIR, FAEBEIER, SN, MBRRES LN DEERSE, 3t

31

G, SXA] L R — Rk 2 B sk MU BB R A B R FIER HATA]
UEH, PRORETEMEEFR, ETAAFFHATHIMEE, T, 8
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& b B H Ok F R P I B L

ZH®RELEBITRIESRINBLFES BONRTSEFHSN BTN, X8
T IRBESFRERS, MAE-LENMELRTEE—A R RER. BY, FE=
WELERRIER AT . L 47, AT LRI LA BT R MR AT iniEse, se—
TRAE R, ATCUEE EBBAAIMELBRRI, x5, x7, x17, XJL/HELE,

X3 =2x + x;

X5 =4x + x;

X7=8x-x;

x17=16x+x;

XHE, BT DB SRR R R BN A RRIE RN E H U TR

cos({%) = (17+8+64 X 3+256 X 7)/2048 = 0.9808;

cos(%) = (17+8+64 X 7)/512 = (0.9238;

cos(%g) = (7432 X 5+512X3)/2048 = 0.8315;
4z |

cus(ﬁ) = (32 X5+4 X 5+1)/256 =0.7071;

cos(%) = (17+8+32 X 7)/1024 ~ 0.5556;
67

cos(1—6—) = (32+17)/128 =0.3827;
Tr

cos(ﬁ—) =(17+8)/128 =(.1951;

EUMFEXPRATTLUE th, #0E bRk, XBRE QT T
KB, MERIREI, x5, xTHIxITRIMIESE, BEEEAG BORAEE
RRIMAR T SCITRERM. X8, FHT EPRERB, BAEEORE TE
W ERREBNINERIEE, ROBESELMNMREGE R 2, FL. B
REREERULRBLRBREAND BEOKD, HESTEEERMN, g
T IREEREVERINE . ot BB —3FR, MERTLUEY, &1t
T INER. 2 RABRNTAFESTE, AKMOHY T,
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TREETINAATE, TTREXELEREF. fli, HEAR

cos’(—;%) y orene ,»  COS(
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