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1t gives me great pleasure to learn that Prof. Hongyi Chen of Tsinghua University and his group
have worked hard to bring out a Chinese translation of the text 6ook, “VLSI Digital Signal
Processing Systems: Design and Implementation™ (John Wiley and Sons, Inc., 1999). I am
particularly pleased that many students in China will now have access to this 6ook,

VLSI implementation of signal processing systems is now a very fundamental topic. The
communications systems designed by the techniques described in this 6ook are integral parts of every
one’s daily life. Examples of a few of these systems include gigabit ethernet systems, ADSL systems,
cable modems, and other forms of broadband systems. Minimizing area and power consumption of

these systems by data-flow transformations is critical to improving performance of the
communications integrated circuits.

Chinese engineers have made significant contributions to the integrated circuit chip design all
over the world. This book will go one step further in helping them improve their designs. I can only
praise ®rof. Hongyi Chen and his group for their extraordinary efforts in undertaking an extremely
difficult task, in translating a book of this size. His leadership will inspire many generations of
students interested in working in this field!



fE&E & N

Y\ E 1 - BGE (Keshab K. Parhi) 2(3%4> 91 F19824F . 19844F F119884E 75 Ell BEFE T 2% .
(EE Y HERTREMMMKLEER >RGN TES L%+, MEmiEtea. N
19884¢42, Parhi FISEMERERFNFH L EMRLE, S ARILEIHTFELTRRN
McKinghtsg # $i% .

A RARE A ETENREERAEYE R EMVLSIAREHiIRTT. YINHRE
FA MR/ RGOSR SME/MERENERENR. SRERE/BER. BEFARLE. B4
EHRRLE SR FME/ME. hEeLRRTIS0OEEFRILL, BE TEHERH “VLSI Digital
Signal Processing Systems: Design and Implementation” (Wiley, 1999), x £ 8 2. &
2. EA. FEFEMEZMRERE. W, hER2ET ‘2HEREHRFESLR”
(Marcel Dekker, 1999) —BHHBE T 1E.

Parhi$ % ¥ 3R18 £ k%%, B1¥520034EF “IEEE Kiyo Tomiyasu” i ARSHYE. 20014 -
IEEE W.R.G. BakerB £ 30 f119994E BIEEER I 5 Z 4 th & Golden JubileedZ, 19964,
feBeiEiE H i Sl T TRI¥ & &+ (IEEE Fellow). JH4%, b #4E “IEEE Transactions
on Circuits and Systems, Circuits and Systems-II", “VLSI Systems”. “Signal Processing” .
“Signal Processing Letters” 2 RAXLEMNRESHKA. K, #hB44E “IEEE Trans. On
Circuits and Systems-1" (2004—20054E ) B9 441 “IEEE Signal Processing Magazine” )
S%E. ParhiB$HRIEEE 19954 “VLSHESCEBHTEA” 19964 “LHERL. hREHS
HEFEEZ (ASAPRIBRERSBEATH, LIR20024 “IEEEE S4B AKHITL”
ML, Y WEEERR SRS ST 1996—19984F BEAH I RIRRE



FEEGMT

BROARR. 3. IDRABMIA, 1942 AT RS, S8, MALhkS
F . WK BB R RRBEAE . Mol FETIRR AR B RS
C T B, hERTEABRAA. SERAERREE (IC) RiHR,

WA BTSN (GA). FriEIE (SC) Fzheksk (BB) % sk
EE (ASIC) Btk EFRER, RLMEN %K (System
on-a-Chip) ; RIAMBEMRH SR BAHEER BB - B rEesmt
# (VLSI-DSP) RIEZEEKES (FE. FH. BR. WL EM

16 B i 7 P %%

RRFERRILLITORG: SEHREERE (CERBE T LAY bF Tl i,
19934 (ULSIZF. k5 R4 FlgtiiRit, 20004) ; RERRAETS 2%
T AU RHGE S — SR R & T A EEEWEH 13T BN L104.
134,

HER, 5, PAEHERHEA. 1963411 HA4: . 22 ih 72
WFICRTEIEAE. 2000412 A 3R P62 FRHE k% E RIS 2 A0 2 4 )
P20, 20014 5 /E K Sk 2 TR 5E A M+ BRI 2k i
P JEHFSE, 2003457 A G BA T AR . B0 o0 b (0 45 I P B2 .
MINEDLMBOR LS EREARS. EERNIEETIHORER
X20% 5, Fa RIS SHEINGEIY (Bt A REH KA, 200042
A 2% (ERBTREEEY (Fl#Hit, 2002485 ) Htg 4. o
SMEKEAFHERGIA . “97-3" ERK E AL MPHETIS0 B 2% 5 R %S %R 5 B
Zh: REBFHERAR R Kk, REEHSFRFHES %% k. 2002491 %
2003412 A ERFERE R I WA SmEAIEE BRI (86311 %) @7, Hm=
RT3 — S I ot £ 05 F RO . B AT ARSEE R B ARE R AT E 6.

RITE, 5, AlESE. WEEFILEAN. 196942 A M4, 48T
1992426 11994412 AZRIE AL K% T 2% - R+ 247 . M 1994
FREAEFERLME T LI T, DAY EERhkSA%E
PR E FAE. 19974 F2003EMAMH EEA AU S S5RES —
REGUES PR T, REXRCI08E. B EEWEH [ bEL
%A BB LB R BT C R 5 1 HL R P41




_—}-_

Bl =

¥ fE B4 (Digital Signal Processing, DSP) BEHREZHMA, FaniliiEgs
(Video Compression). ¥ FHLINE (Digital Set-Top Box, STB). A £kiFH g3 (}Cable
Modem). #F £ B{#it (Digital Versatile Disk). {[@E#MASLATEN. BFHFH (Digital
Audio). BEAFELBARE. HFWFH (Digital Radio). HF#rikEKEHEIL (Digital
Still Camera, DSC) T4 AL, B0 . FHMASL. BAHM (Radar Imaging)., A%
HH IS (Acoustic Beamformer), £¥REfL AL (Global Positioning System, GPS) Fit:
WEYESOH, F%. DSPHIRHKLRMADSPR AMBAMEER (Very-Large-Scale-
Integrated, VLSI) S RHIFERBHI. Hit, EEMFEEHDSPR AN, SR 24k
*t FHARIDSP R S8 KBk AR , X B S B 2 S AIDSP R BB IR RAL R R LK, 1
Sb, IR G 2 ] SRR Th R,

ABYPR BT B R R AR TR BN E SIS E S VLSIR B F ik, Hdpig
HaiF 2 BABER TRHAEEHO T RESFESCERS R, ABETAE—
FHMRABEERARERBOER S, JHEVLSI DSP4EY, S VLSI. EHeEVLSIRS
BiFHIDSPE K . A3 T IRLe A BIDSPR FIE . 7:%*’]552%%&11‘3’]*’%&)\53&76—‘4:!&
HFHIZE B,

A B RHLEH (Computer Architecture) i 5DSPXFAFE SR RE—R.
DSPIHHESEMITEA TS L HHERIX H: DSPEFRE —FIHKkIER (Non-terminating) £
K, BNEDSPUHB A, MHEINIERFE - EREE FF7 -8 S 7. @Rk ImMER—% R
EEN NS EERERRIES KB, wTUURFR X R Tk (k#IME Rk R - E &R DSP A
%. mH, EDSPRELS, KKX@IKE (Critical Path) FRH| TDSPRZKMMAE, EEXMX
PR RIE AT, UIEBBIEERE. DERSIEESHNIRT. A B0E S RESHEN
A, REMEREEit S E, CARERAS/NERBE /IR, S LA SR R
SAGFENRER. B, KRAVLSIHEE I HFNAEAEHBEERZA.

DSPRIEMALEFAARFEREERE R KA, NIES A2 kHZHE X
0755 1A B EE LA R FH PP AR 500 MHz, — /> &5 %M BE 3 (High Definity Television, HDTV)
PRI 45 % S W0 1 B K £ 10GOPS % 100 GOPS (R T Jk#fE) 7. ¥ FDSPE#:
MSEELRE, REERMUHEFERTEFN, HUMERGLAR. S, £IiESNAHAS,
i1 T- (6 Filt 5> £ 8 (Time-Division Multiples) B4, ¥ % 8281 2005t 3 1H — B 4
RIER. AR, EASEN A, WS50EE Bk GRS a3 —Rngt, AREi%R
HEMTR. FHie, FFRAOGTLARE—R2EH . MR — A2 AREEY,
X AERBOE £ X 2 I R o B8 4 44

FHE My (F2EZEETE) (HRETHEROESTH, SOTTLURRSHA Rk
MR 55N, xR RAKRAS. TEEN. BIF. & fMbkEREFIEH H k. $ %9
(EREEH12%) YREBERWHEEEH, WBREMM (Strength Reduction), ##7 (Look-
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ahead) B3 ¥RABAT (Relaxed Look-ahead). 52 EHAMAE ML, T AMRIMEWIR (Finite
Impulse Response, FIR) ¥ ¥k % . B A% # (Descrete Cosine Transform, DCT) 17
B-Hri€n 8 (Rank-Order Filter) whFIRS/DFTLAIREL . ifi 48 A1 85t AR AT 40 1| R kT
Wk R HAEE A SR RS A B w08k 2% (Lattice Recursive Digital Filter). B 3& W 58 3%
(Adaptive Digital Filter) FIH4T#VI8FHE . Lo BEELIGT SRR LI 2 A
MEMEH. &8s GBIB3EFEISE) HRVLSIMNZ. REMEFIEESNEY, UkES
PEREVLSIARGIR A RAEIRE, ik e R . RIhREIEH o] s 15 S0 E B %4,

ABEIREGREFMDSPEE, HitRmMAHGHEE. FSKBAMEBRRLE R XEY
. BEIFHRENLRE (Iterative Bound), ERATLMI—FpiE IS S4B B BE R AL A
Tt ZEME TRMREERUFNEL. KN LSS ARERFES0E LN
REMIR PR, EX3TPIRAR T WK (Pipelining) F3H17408% (Parallel Processing) )
FEARE A, LA B U6 W 7E 8 5 R SR Th R B B it e A 6 P ik s oA . B4 B RN
(Retiming) ZE#, ERMALKH LM —MEALEE. Z5EIFBF (Unfolding) HA,
CATLLAR T2 . BoEMETHITLI A (Folding) HA, ATFAS/IER+LE
Einsa ViRitetor £ B 5eH. EeHiITISLERRKME (Data Flow Graph, DFG) &,
HBTEHEE TS (Systolic) it Bk NI # ik B I & .

FSHEEF 2RI IR E T RSB RN X ADSPEB OB RIRT, mBES®R. 85
SLIREAT. BT BB B P IIGEY (Scaled) M 5 A (Roud-off) Bapi, HSHEHLET
Cook-Toom (JE%-B4) FiWinograd (Hi¥khifl) HREHMILELER. 8B d, B
5B G TFIRES 28 . B BOASE T MR AT 0B - ek 28 b SR g /b T ek 3L
BARVORM M (FFT) SRt 5 TRESRESRN, R FOSEABANAS,
BIAER S FIRHAIDSPEB B LS TFFTRINA . I8 HHERRAD LAk E S
HATREH, BRESNGAEMEFEESE D, MTHEERBRIFE, TR5 LRI SN
fracE. F1oEpitdaEA, AT —W KRR (Infinite Impulse Response, IIR )
BT RERORALER. HTRENOERS, TR TRABIEA: EE (Cluster) 48
R B ARFIZ B (Scattering) BRI A. FLLFH, K BB AT AR BB R IE 37k ZX IR B o8k 28 619
ek, TIR % 5 DB 25 0 HEAT SR BLLA B ANl 76 53 S 8 5 B o 3% b I Ik 28 5 HE AT AL B 45 A
RIS ERIT . BENEBESRET T RBBIEAR LRI KSH, i 5t 1
HATHANR E THABEANELECS0R. BUETRETRE 52 KRS, BIxF
ERERDSPREMVLSILIKRE+H EEN, SARFHEHAERLR RS b1
R, X LU AR MR B . BASA (%) EEMEHEHTHLE, VAEE A
FARENAEBREA - RETR. BT MRS I8 28 77 300 57 v A B 2 0
BARMIFTR, Wit REHEBEHE AR RS AR E B EIHES FX SR, 12
BAréSchur (K/R) K. SchurBHAMERH—#, REFRIEFL (N EH
BRI A — R EE BT — AR RS B 58 b R o 3T S B A T B i i
ax YRR R AT T 1t .

FDREEFISERSHBRE (k. Rk RFEES). BHEVLSIREE
R (anifk SR . BRI MTRERFESCEEMVLSISH., B8 BERIHTET
iR ARLE RO, RATEMEBSR (EIHT. SRERESGT) RS
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(RIS . BN S KA IRE). ZEEHBToAXNEE. FUEMBTETIT
ZBEBTEHLANZEREZYE. TAKSENFERASE TN Rt HibitEikaE
MBARALF 46, hREMB &ML, MU AKSECAK Z ANHE EHbiT Tite. &
XJLEEA, R I 2 T AR bk ah ik i B ik HE ek B iiH R H . £Bo3E T A FFIRY
FHRESMTHRALHR, BERELXBHNE. FISENBERFRUBESRR,. BTE/N
BT T ERMD R E NS B T IR S BRI . 163 & M kLR,
ik, EHALMRSRAL. EELITRTERSRZE DR OHSE RN EME
RERAPHEIARNEA. XTFRIBRTOEITENAETHFELHEN T ERBEDY
R Z RS L. FI8WIHE AT TR T E BB h & Y.

HEABHER-EAMREE TH RSSO R A TEENOEERZED; ATiRiHT
BN, WETBESWIMEMS B A; Buclidian (BJLEME) REALAHEF (Greatest
Common Divisor, GCD) Hik M T Winograd&#; T i% 45 % S i ik 2 #0Schur £ =00 1E
R PaRAr Tk SRS R TR R2LNRERAR; VAR FIREE B 2% R4 R B .

ARHUBMSYRAE T EEENH AR, AV T EREE TR S
i, REKHDSPRYMEH TISHIRAIEH, WMAMER. Tk, %R S RIDSP
AGIRUEH TABNEE. SATURATENSBRIES RZ5K, MATLABC. ¥ £
S5MRAAXNIEHAEESENRR, PR ERERR—E P KRN IE, SR
@5 R M8 OB BRI 38 . /. CHFIRBUFIB I RS A HSOER. x
B EE N B T B R EN PR R BIM& R .

ABRINE R LS YRS SR I BRI TIEER > L6, XA TREBRE
EES5329: VLSI¥F {5 S4B AL L. REE5549: ﬁi{é‘%ﬁbﬂimVLSI%wo EES5329 (LLVLSI
R AR AR BIRE) BE TR 2EFRTENSHNENE3ETEI18% (K F)
&85y N . EES549 (L% REMHENEMERAEHER) B8 TE2E, B3TME4
BRSO NE. ESEZHRENLARNA, DIERETiE S VORI — 36 TS FE a5 48
MG ERINE . KRR 2B S FIRR HEM. T —1XFVLSI FiE B3
FIRERIRERUL, BERAE2EFETE. H9. 10, BREISENEINE, LARE17,
I18FEh Xt B i Je i L (655K . 245K, BUR AT LLERE AN EENEY.

A —EREMB P H R R UHE, BEEN TS, - 1hFHLmHk
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F1E HFESLEBRAERIE

11 31%

#1558 (Digital Signal Processing, DSP) 5845 S MLLERRZMA. Hidn,
BrESH TREEBMLEZEAEASENE, XFR BRI SEESNFRWTLABIE
SRSl A {Lansk, DSPHAR WA RCASS S HIERHEBRG AT, mERIUE S,
EOTMEAEAAEBKT. BFEESER LETMUACIREMETHEEESHRE . KiX SHEKLL R LR
58k, 48, H TRl EPEEAS MK EILXENRSE, BLESCEBRETRTEAR,
FES A HBESRAR /NS B R ERARMR R A TR R A B 5 3cAb 7 hAR bR Fa Y
PEHUMAE B3 R, k. (AR, ABMWERRGHRM THFLH, CIAEBRHRE.
#{E%EL (Signal to Noise Ratio, SNR) fffss, R A T EEHMREH.

DSPRGE AT LI R ELE, WAL SRR B (Very-Large-Scale-
Integrated, VLSI) HiARA: )2 GIRE 4 il LB, BoEikitiy Bbr 70 R vl et itk ak
AR R P RATT 4 . (E B AR FIR TSR, MBI Ttk MENELERE
FFIR (BI G AR ERERER) ; BITEE, XBRRTEHRMMaHE; Thie, REis

REMENMAEEFTFENLER. M TEHDSPAL, LHARFEES, AREKNH

A (ENELRAEMEARA) REEOA MR, B8 AME KBk B
R, HECARIhEE A RAFAoPE G th R ok AE .

DSPX 3T Hib@ M EMNMANBERURE: SN2 EEMBERDGR A, ¥
HEGNEER X2 El RO HRAER. ExH, %fﬁ'-ﬁﬁ/_\#ﬁbk%‘%ﬁ%&ﬁl%ﬁ
HUGHERMRTBERI AR, X5 —B0E EHHANSIEEEERREEHIGCEN SR H
K. mRAEELRETEENRER, FORABIBREEE (REF) Tk, ANTEE
TERAMRFSR. R, —BEARE T RERER, WEMLEERELETRET. &
SRBRETNE _NEERULCHRREN A, — LA NG ASERESFN, £
M —ADSPRLHMIFES R BE THT. AXHEL L, RELMEERTIERS N
PHEFTESH. X~ KAEEDSPAKITLIMAEES B4R S S B cH,

AEENSIRHBAN X TRUNDSPEL:. BRiELEAESOEP I EAUR
DSPHZEMREFFEMER. FL2WIFR T LABAWDSPE Y, $13HNE— g
f*DSPyJﬁEEi"Jﬁ‘§%¥U&§ttﬁlﬁfl\ﬂgVLSIﬁ*ﬁDSP%ﬁﬂ'ﬂ%"%ﬂﬁﬁ%ﬂ%ﬁ@ﬂ%o #14
VR THMARDSPRERIE RS #: HEE(block diagram). =SB (signal flow
graph). ¥4ElKkE(data flow graph)lA } fk #i& (dependence graph)# . FL5HEA
FHPEENHNAE.

1.2 HBFDSPH %
RL-1RSIHT —EDSPRER KB AL, £HHNEUTLHEENDSPEE,



