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Automatic Generation of IPCore for Sliding-Window Operations Based on a Parameterized
Memory Architecture

DOU Yong*, DONG Ya-Zhuo, XU Jin-Hui, WU Gui-Ming

(School of Computer, National University of Defense Technology, Changsha 410073, China)

+ Corresponding author: E-mail: yongdou@nudt.edu.en

Dou Y, Dong YZ, Xu JH, Wu GM. Automatic generation of IPCore for sliding-window operations based on a
parameterized memory architecture. Journal of Software, 2009,20(2):246-255. http://www.jos.org.cn/1000-
9825/3296.htm

Abstract: In order to deal with the memory bottleneck in high level synthesis tools for sliding-window operation,
this paper presents a parameterized memory architecture for high level synthesis to automatically generate the
hardware frames for all window processing applications. A three-level memory structure is designed to use
inner-loop and outer-loop data completely, and at the same time shifted registers are used to make hardware design
simpler. Compared with the related works, this approach can achieve a speedup of 2.13 to 3.8 times, and enhance
the execution frequency from 69MHZ to 238.7MHZ.
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TR EEA TR — A B R Ak G2 Uz I i B v AR ST 4R R el % g ), A A A T
S G B R L A4 R System: C,Handel_C™ ASC? spcl stream-Cl ROCCCPI %% 4k
T, 24T i R L5 L v SR IR BB AR S R SR A DA R G Ik R LAk T AT s R L B R AR AR
IRk b ) ),

RS BR T WA BT 6 —Fh e 2R I Y S T —— 9 20 i LN, B 30 A B S AE s S5 A T s & 2
N EUGAEL B B E S A EIUR 22 A A B A A, AT O B K T AR AR LB X B
11 I PRRE P P A% A 1 e 00 DA T A ik 6 R B o R 2 0 e R 2 1 — NPT B S LA I 4k R 4
R R TR AT AE B PP A L, B WA 78 40 10 T A 80 75 1 B0 o0 T s 85cd = P A P 77 3 2 1 il 0 9, B0 34
AHEH B SR R T ATV A N R T — RO S 4k 3 B AR R S AT A T A
IS (2 50 B3R BURUCF R B 1 20 26 Sk B L AT BT bR 78 20 T & 3 o 10 1 P o 1) 1A 2 A B R b
JEOE A T D U AR B AT A U 0 [R5 A7 RN S I R T e B v AT B A e Ak B e R IR S HURN
1P A7 2 4L, ARG 2 5 % T 48 v T A2 N B AT %6

ARSI LA A E DN e R SRS 2 W H SR AT A R R R AL S B 3
NASHAEP L 4 WA AR 3 ) A2 S0k 55 5 1 gh H SO 45 SRR RE A 28 6 TR A,

1 BsEONEAEREFRIIK
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I 2 RS PR e DX DA B 1 R b BRSO e T i B 0 B2 ) 1 K L R T N PR 4 AR
AT SR B A TR IR /N 5 T 20 i 1 TR DR /AR ) 0 3 7 A — AT B L

Data array input Template Data array output
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Fig.1 Sliding-Window operation
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SE SN A MxN RIS (i AN, O D A= (1 i B 5 S0 _di D B2 1 AE i 5 1) b R K B A AR G B
B9 _di A A 7 1) b R R R N A OGRS L)) AR IR T TR R (0,1) & | A ANEEIN ] N A
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Fig.2 Parameterized memory architecture model
2 ZHEAI A R 2R Sl R A5

FATIE (K 2 BAT i AR R G5B B 3 NP2 AN A7 it 4% DRAM I T-47-6f T A1 S A B 31

B, i AT 4 RAM T TA7 il B0 B 91 00 B0 20 AT 5081, O B A JZ A A 1K) Bt 1 %5 47 4 4 Smart buffer [ T
AEAk 88 VG, T R R0 R 10 800 3 A /2 el 3 A B8l T BERAS IR, 23 i . DRAM A7t 1 BE 4%

RAM i i #5 A1 Smart buffer i £ . Smart buffer L5z 5 510 [ 51 FLHAHIE . 25 B0 A7 il 5 F 152 204 10 e o 1 22 3
Y2 B2 Fr A RAM BRAF i SEAIE A G5 ACH 4 21 1K) K dis B 213 S8 5040 A 15l A8 1 D 1k — 2 Smart
buffer SCORAF 24T B 18R 58 1 4 RN ORI mT LA 78 73 A1 Kodfs o 71,565 2 45 U £RAIE Smart buffer AT e /).
SR il 1R 3 G500 1 5 g ] 52, HCRASR i 82 7 5 e 7 10 1 P SRV O R e, i T 4 ] LI I 20 B R,
B R BRPR E JR SR AR A S5 44 (1 2 K

3

3.1

3.2

SHIRE

Z

A 25 7 (3 B o DR H, B AR B B IR R R 2 i Y TR B PR AR IR A - LS S A

ViAE IR .

& 15 )77 17:(0,1) 8 #(1,0).

B N B 95 RN T width A height.

T B E K %R 7 buffer_width A1 buffer_height.

WS KT B 1 A IR S B buffer_span_width 1 buffer_span_height.

BEUF K RAM BEHL AN E, 7 98 1K 2 :Ram_num,Ram_width 1 Ram_depth.

AN B o ) 9 7 A ) &5 SR AN S Result_num.

MFHMERGSE DRAM L H I — AN ZEE AN LN RAM . Hi:Control _num (A h 75— 2845 00 F,
Al fE B 3 A B BB A B A RAMUGARAL 5 AN B 4h—4 RAM).

9. jRIEIRBEGIA AL BBk | ZEFRIN T RAM T 7 B2 1K I 4 i 391 45 Update_Ram.

10. FEHAT — RS DOV BE ME A — B D B0 I 7 2L 00 i R 318 Update_buffer.

SR

TH I e 2 4 T B (K NS Y 2R RIS loopj_i0. 24 loopj_inn. B HEE loopj_ip,#ME1EER )L
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loopi_i0. #if loopi_inn. LBE(E loopi_ip, 4 AFEA | 75 j 77 ) LB KAHSGEE S 1_div BAKES 1AL i J7 1A L
(R KA DGR B I_dis Ht BRSO 7 j J7 1) LB ORAHOCEE RS O_div Htli RS O 1 i T 1) L 1 5 KA G R g
O_d; FH 5G B 85 1y +oo 3 7 A7 AE X B B A1 7% A ¥ U ).

HR A B 1 7 AN R A IS N2 20 o 4 R JRATI 95 28 T — 4 fn — i ah & 1 5 1 rhom A\ el
A RE VT AF A DL, A8 T3 4 e ST AR 0 07 2 A R T R i, LA REANAE AR S PP PR A RUA .

Ch AT A5 K e 3T, B — BAE S A 45 16 Ja 2 32 AR o 1 U A8 L 40 4% £ (loopi_ip==0)&&
(loopj_ip>I1_d;) B¢ # (loopi_ip>I_d;)&&(loopj_ip>1_d;) Bt # (1_di=+0)&&(loopl_ip>I_d;) & # (loopi_ip>I_d;)
&&(I_dj=+).

C'%: FUAFAE J2 T T AN A7 A5 2 1) 55005 25 1 40 W 4% £ 4 ((loopi_ip==0)&& (loopj_ip<I_d;)) 5% # ((loopi_ip>
I_dj)&&(loopj_ip<I_d;)) 8 ((I_dj=+o0)&&(loopi_ip<I_d;)).

CO W7 48 J2 1) $ 3 & F, AN 4746 J2 9 S 30 = . 0 16 4% £F  ((loopi_ip<I_d;)&&(loopj_ip>1_d;)) 5k #
((loopi_ip<I_d;j)&&(1_d;=+x)).

C: AT 2 W H ) XA J22 ) 3 0 4 4 4 (1_djzloopi_ip) &&(1_d;zloopj_ip).

BAVFFAET 4 Fh g AT b — 4R AR RO VA 2 A AN S BRI A N (R TR, AR A R
RHAN R REAAEASC P PRI 41,58 S WIDTH i AMEAl RGN v Al 22 50 180 i N 58 1 _width %
NEH PR TC R AL BE):

Lo & BN A7 10 e i 4ER U R I R (0, 1)YH 7K~ T Tl 1 81, 1,0) v 8 1. J7 [l 1 3],

2. width=loopj_inn-loopj_i0; height=loopi_inn-loopi_i0.

3. buffer_width=max{l_d;,loopj_ip}; buffer_height=max{l_d;,loopi_jp}.

4. buffer_span_width=loopj_ip; buffer_span_height=loopi_ip.

5. Ram_num :{buffer_height =max(l _d;,loopi _ jp), C¥cC® c‘°;

0, c’
{Ioopj_inn —loopj _i0, ifI_d;#+o
loopi _inn—loopi _i0, otherwise '
0, c’
Ram_width=1_width.
6. Result_num=0_d;x0O_d;.
7. Control _num = min{| WIDTH /1 _width |, Ram_num}.

Ci¢ Cc Cic
Ram_depth! ;

0 c’,ce,ct
8. Updata_Ram{ ’ T
((Ram_num/Control _num]|-1)*Ram_depth, C"

I_d, c’
-

9. Updata_buffer =< (buffer _width —1) xbuffer _height, C°
0’ Ci¢,cic

4 RREIMEREE

AR [ B0 A A AR AN (R LA A () 2 84, B 377 A= VHDL AR AR 2 B 2 58, 0 S i 2 45 A
SRR, L 248 RAML. RAM R FZ 4% . Smart buffer [z 304 1 BEIR A5 HUATIZE SR 51 4% KAL) el 3 2 &% M S ER
Y T LA B i ) A 0 T ) s R P A A R P R S I A IR T S BT B T 1P A
WHREE ), ZE AT T AP, 85T, 2 BRI P A8 SRR AR B (7 SR AR A B A (K D0 A A i
FEAAEA SRR ). A0 JUAS T 2 BB A B SR R AT U W SR v R ARMAAR 8 00 O 23 PR 485 0 2 I 24,
AR08 AN ) A N (0 e 0 5 AR Y 2 80, T BERE R (R AT I R it o T
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4.1 DRAMIBE S

DRAM il F& 38 42 IR 7 HAT A1 FR 48 4 AR, i 502 1 R,

1. Idle:S RPIRES A5 4% 8 s A5 5 o0 20, 8 B AR P IR AT

2. RAM_initialization: }i |- RAM fIATEAHCRZS, #1440 RAM Hh i £ dts , Ram_in 2k o140 10 s W0 46 ¢ BE 1Y
RAM 1744, B 2| (Ram_in==Ram_num-Control_num+1), 574 f] RAM 1T ¥4 1k 5¢ B, Bk ¥ % SmartBuffer_
initialization JR 2.

3. SmartBuffer_initialization:#J#4 1k Smart buffer. ZE Fi 1 JLAS RAM 3R vl i1 se e fm B v B Ja — A
RAM i N B 149 7] B, k47 Smart buffer (414614, BRI 28 1 4% 1 B v % 5t 45 (smart_buffer_ok==1),
FFUR VA AL 2, Bk #L 21 Processing RZ.

4. Processing:Smart buffer H )8R 41 46 46 58 58, 1 4R AT V1 53X AN I R v A AR B0 S KA T BE
SMERE RGP A EIHRA TN RAM H AT N RAM 2441 Smart buffer, A% 33 45 v 55 5. 7T, 04T
8T8 counter_done Ic 3% 4T AT Ak 5 HE B HPE AN £, 24 RT AT A # 5E BB S (counter_done==
width—buffer_width+1), ¥ £ 4b 3~ — 47 5085, Bk % 2] SmartBuffer_initialization R#, F X 44T Smart
buffer IR4E1L. T Z#% row_counter it 3% Ab 3 58 K (1947 48, 4 (row_counter==height-buffer_height+1),4%
AFERF AT 78 52,32 ] Idle IR

ANV RS9 Bl B 1 P PO e R I S, B AR AT S AN A,

B3 1. DRAM U BE 28 AE iU,

Parameter: Ram_num, Control_num, Update_Ram, buffer_width, width, buffer_height, height.

Process whole_state (input signal: start. input channel: Ram_in, smart_buffer_ok, result_num. output signal:

finish. output channel: whole_state)

begin

repeat begin

case (whole_state)
1. Idle:
if (start==1) finish<0;
goto RAM _initialization;
else goto Idle;
2. RAM_initialization:
if (result_num==0)&&EQ(Ram_in==Ram_num-Control_num+1),
goto SmartBuffer_initialization;
/1 Ram_inic 3 1EAE AT B0 4 A\ FIRAM i
else wait Update_Ram | £ & 11, 52 i RAM 1) 55 3T,
goto SmartBuffer_initialization;
3. SmartBuffer_initialization:
if (smart_buffer_ok) //¥144k 52 Ee
goto Processing;
/1 smart_buffer_okic 3% SmartBuffer#] 51k 5¢ b2
else goto SmartBuffer_initialization;
4. Processing:
if (counter_done==width—buffer_width+1) /24§17 & 4 BE 58 e
/1 counter_doneit! 5 4 H AT 16 v 5 5 76 B Hd AN 2
row_counter<row_counter+1;
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11 row_counter it 3% b 21 5 BE (1 B 51 B 41 AT 44
if (row_counter==height-buffer_height+1) {
finish<1;
goto Idle;}  //#ENFe Fr Ak B¢ BE
else
Ram_done<Ram_done+Control_num)
{1 Ram_done#r 1 4 §if b 2 T RAM 4 5
if (Ram_done==Ram_num)
Ram_done<1;
if (Update_RAM==0),
goto SmartBuffer_initialization;
else goto RAM _initialization;
else wait Update_buffer/~ 44 & 31
goto Processing;
endcase
end
end

42 RAMiAE

RAM T £ 2% 51 50K v AME it R G P s NI 505 N IEH I RAM AT (19 IE R A7 B an 8095 2 TR .RAM
FE RS FE P AN IR
1. Idle: 55 45 iy N ECHE A7 280 HEA R X B A2 N RAM AT
2. Write_ RAMK £ 5 A AT ) RAM AT 5 A AL S RAM I BE 350 TS T B8, — N0 s 4 10 AT i
A RAM 4745 (Ram_in), % — /M0 3% 241 RAM 47 B 285 A\ B0t i 3 (wr_address). 5 5 N\ —AN 5 B, ik
I 20 2% 3 19 (wr_addressswraddress+1), 41 5 24 1 RAM 5 A 58 B (wr_address==Ram_depth), Ul $4.47 %} — 4>
RAM He 5 N 47308 Ram_in #61 f S 5 J5 — > RAM 5 A 58 B2 (Ram_in==Ram_num-—control_num+1), 1l
WA T 14 RAM B X WA TS (0 v 03 PR AR AR S U I AN W 1T AN [,
Bk 2. RAM 1 5 4% A AR
Parameter: Ram_depth, Control_num, Ram_num.
Processing data_input_state (input channel: data_in_av. output channel: wr_en, wr_address, Ram_in)
begin
repeat begin
case (data_input_state)
1. Idle: wr_en<0  //MHTRAMAT B BE 3L
if (data_in_av==1); goto Write_RAM,;
else goto Idle;
2. Write_RAM:
wr_addressswr_address+1;
I wr_addressicl 3 2 T RAMAT (1 5 Hi ik
wr_en<l; //wr_en i HETRAMATHI S GE(E 5
if (wr_address==Ram_depth) //24HTRAMAT B A 58t
Ram_in<Ram_in+Control_num;
if (Ram_in==(Ram_num-—control_num+1))
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I JG—N 5 IRAM TS N 55 e
/I Ram_in<l  /HE B P LR S IANRAMATHAT B A
if (data_in_av==1), goto Write_RAM;
else goto Idle;
endcase
end
end
4.3 SmartBufferig £ 2%
SmartBuffer i 525 — 75 [ 7 3K B N RAM AR PRt t, 5y — U5 7 AR 455 5 428 1 38 SO O 4
5 12 BELE 8 (9 IR 35 4T Smart buffer wf 1) TE A 1) 27 4728 5 7T, R 4G P /IR ik 3 T,
1. ldle: ¥R, 55 A RAM P 8l ) a6 10 58 B
2. Write_SmartBuffer: £ 3% A RAM Fh 2 H3%4E Smart buffer. 1% 4% buffer_in_num id 5% Smart buffer &
TR UG AL 5 B W) UB 4k 58 B )5 (smart_buffer_ok==1),% Smart buffer #3515 v 5 s oo AT o 5 o B s
rd_address ic 3% A RAM R H (9 854 47 B, 2 SR 1) RAM (1 8 J5 — /N il IR o AN Bk O T 46132 H e
B 3£ 3. SmartBuffer 5 2% 45 BV
Parameter: width, buffer_width.
Processing data_schedule_state (input channel: whole_state, wr_address. output channel: rd_en,
smart_buffer_ok, rd_address, Ram_en, buffer_in_num)
begin
repeat begin
case (data_schedule_state)
1. Idle: rd_en<0; smart_buffer_ok<0;
if (rd_address<wr_address)&&((whole_state==smart_buffer_initialization)||(whole_state==processing))
goto Write_SmartBuffer;
else goto Idle;
2. Write_SmartBuffer:
rd_en<l;
if (!(buffer_in_num==0)) {
buffer_in_num<buffer_in_num-1;
/1 buffer_in_num1ic 3 SmartBufferdT #1441k EE 4 1
smart_buffer_ok<0;}
else smart_buffer_ok<1;
Ram_en[Ram_current_do]<1;
rd_address<rd_address+1;
if (rd_address==(width-1))
rd_address<0;
Ram_current_do<Ram_current_do+1;
/I Ram_current_doic 3% 4 7 AL 3 T RAMAT 4 5
if (Ram_current_do==n) {
Ram_current_do<1;
buffer_in_num<buffer_width-1;}
if (wr_address>rd_address), goto Idel;
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else goto Write_SmartBuffer
endcase
end
end
4.4 HMHERFER
Bt 4 5 R P A ) 5 SR BEAT VB R A AT 58 R A 4 P it A SR R SR LR A T B
# result_counter ic s AR 1 4 SR AN EL B AR — N THELSS 3 result_counter i3 3 ;accomplish_row id 3% OV £ 4 B
58 K8 AT AN B, B B FT AT AT #B AL 31 57 B2 ) (accomplish_row==(height—buffer_height+1)), 3%/ 2 B AT 53 EE.
Bk A gl B R A AR U
Parameter: width, buffer_width, height, buffer_height.
Processing result_output_controller (input channel: result_av. output channel: accomplish)
begin
repeat begin
if (result_av==1)
result_counter<result_counter+1;
/1 result_counteric, 3% 24 iy A HAT 15 B 51 85 AN H
if (result_counter==(width—buffer_width+1));
243 2 54T AT ok S 45 21
accomplish_rows<accomplish_row+1,;
11 accomplish_rowic 5% CL 48 Ab 21 5 EE (1947 4K
if (accomplish_row==(height-buffer_height+1))
I AT AT 4k 38 58 B
accomplish<1;
end
end
T HAh — SR U RAM B AE AT . A8 XT 0%, Smart buffer H2 455244 5 I 4RF 2, 55 ZEREAT A R BUBE ) e
FRATBE T 22 AL B 0T 2 1R IS T8 AR AR R B 4.

5 FISMRELLE

e 5 AW S B O R 5-tap FIR, B %44k Image sharping,Sobel,MedianFilter A1 2D_Lowpass_filter,
F 1 e e 5-tap FIR A4l —4e S s sl & 10, 304y 4 ANFE 2 A1 56 — 4 50 4L ¥ 20 7 115286 40 A
P — E JAE VRV B IR A 1,5 B0 B T T (KR R 5 M B Dini 28 dfs T 1 7 vk A A7 ik %
Y5 FFAT A R AN PAAT I B 7 R AT LR, U W AR SCHRE 1 3 )2 A7 ity 5 A R SR P B0 A B PR A7 ik 45 4 s DA
5 50, B8 S AL P e 20 1R R, 08 30 B /D IR R P 4T 15 90 1% SE 46 7F ModelSim SE 6.2h T H EAEHISE . o —
43 J55 California k2% () ROCCCYYZR 45 76 1 1 i A5 Rl 22 4 4 A P fi 7 1 HEAT B, [T RE SR T B 1 Smiart
buffer SLILECHE T, A8 SCIAF G AR 20 48 2540 T RE 6% 1K 21 50 BRI B AR 2R % s 36 48 Xilink ISE 7.1 TR g5
SEIL, H dn e E 4 Xilinx xc2s50e-5.
5.1 5XSmart bufferfiDiniz/ 5% Y LLEL

Lbig 3 NP Image sharping(SHARP),Sobel edge detection(SOBEL)AI MedianFilter(FILTER). X7 4> il
TR BATERE 3 AR iR, 2R 1 BT 3 P IR T A7 A% A7l VEUR A FH AR AT AT 41 B b i gl R 50
2 B4 58 SRR P B AXB, Ho A Sy SN E AR 8 I ELLB 9 W IE B A8 1t .
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76 Smart buffer 1977 2B AT Hedl FIBLE] K PT AT B 50 s B AL 2R 9 RAM AR BECTESEEEDT ) A7
it 2R 40, 3RAT T AT 10 T V5 IR i D TR P 1280 22 RO A7 A 5080, 2 — g T 22 IR ) e A A7 R L TR —
Hudik, 3 BOR P PAT 47K AT R AN . Diniz. J73ER DT A SN B S RAFAE Jr A AE Gl R e b R I A T s
DRAFAE B A7 5 21 PP X 59— 1 T 25 K (10 47 fik 08 RN A 25 BEUAE, 53— g T AT B0 i K A T ML,
FEVH SIS REANAEAE A AN OB I8 5, i LA 7 250 22 (R I ) AT 1 BB A a A0 R e AT 1 4R A .

Table 1 Comparison with no data reuse and Diniz’s approach

Fz 1 HEAHYEEMA Diniz 7k R
Without smart buffer Diniz Ours

Testbench Scale Registers ('e\l/leenTeonrt)é Cycles Registers ('e\llleenTeOnrt)g Cycles Regslster gl/leer;neonré Cycles

32x8 5 256 1636 17 256 985 5 16 768

SHARP 32x16 5 512 3584 19 288 2224 5 32 1536
320x32 5 1056 71 360 19 972 45 264 5 65 30720
64x8 10 512 5505 25 512 1977 10 25 1536
SOBEL 64x16 10 1024 11 577 31 640 4973 10 48 3072
640x32 10 1024 234 420 31 1090 101 808 10 96 61 440

16x8 10 128 909 25 128 489 10 16 384

FILTER 16x16 10 256 1839 31 160 1230 10 48 768
160x32 10 1088 41 895 31 820 25032 10 96 15 360

B SoC J b R G % Ui PR:1 100 A7l 5 G K1 32 AN 2 A7 2% HLIC 761X /> IR BRI 1, 81 4 JC Smart buffer
FI Diniz 77 0 it BV T SR BRI AN BEK T A7 I i AN B4 DR A7 B IR ) RAM H BT DU I8 468 th
Jv b U BRI PR 4 BRRAT O T AR B SHARP 25 (128 3 A 1n] U, 4% MR Diniz Jy v 4 75 2L 10 240 M7
TG BA TN 64 AN 2517 2% IX N B TR R0 o0 12 A 108x9 i) BRI K 1 o] UE HY A SCHR R i
S EACAE A R 25 A BT 5 B M A P T A 0 R 2 A 8 R, () I U A R AR S, S I B KA R
A ) e 2 WA R AP 5 00, 375 B R P 004 T 38 1 AH 61 2 Smaart buffer (15 ¥, Diniz J7 45 3 4R/ T 1.54 /%5 ~2.78
£ JM S HAAAE R RS B 35 T 2,13 £5~3.81 f5.
52 5ROCCCHR4H L

B 4 AR kAT X — S2 46 :5-tap FIR,2D_Lowpass_filter,Image sharping A1 Sobel,  # ¥
2D_Lowpass_filter 5 757K A1 577 1) 43 5 AT — IROE 0 & T 0 — A B2 ¥ ) JBURASE R 256, — 44K
L) EEIR . 64x64. 255 45 R LR 2. A 5¢ ROCCC [ SE4e s >k B T SCHR[5], A A i Sk o AT my
ANTE P (R 2 SR T DU T P AR 7 R4 H T AR SO S 850 1R R 2 i B 1R AT &5 L.

Table 2 Comparison with ROCCC
%2 5 ROCCC [thig

5-tap FIR 2D_Lowpass_filter | Image sharping Sobel
ROCCC Ours ROCCC Ours Ours Ours
Smart buffer’s statues 14 5 18 4 2 3
Control area (slices) 210 262 542 484 131 216
Clock rate (MHz) 94 238.664 69 238.664 238.664 238.664
Execution time (cycles) 262 263 5980 2 057 4042 4108
Throughput (results number/cycles) 0.96 0.96 0.64 1.87 0.98 0.94

ROCCC H fg b2 2 Py i 5 T 1 A i b 282 (140040 551, 97 LA, 5 ROCCC #H Eb, A ST 1) S 54 A4 2 &5 F B
T Re 5 98D R 7 AT 15 #0138 2 T (¥ 5-tap FIR SRR 3 (R B AT 35 4013804 vk /D>, 1% 2 51 5-tap FIR &2 — 4k 3)
EIER AR AR B ANTE7E J2 W 804 T 1 .7 ROCCC 1, Smart buffer i 25 47 28 M 152 8076 4 FLI% , 75 B2 41 24 fh
AL T2 AL BATTHR 1) S B AT i 1 R 45 MR vp Smart buffer SRA] T %5 A7 45 78 & fRAE Smart
buffer L5715 #L T K B2 [8 e AR, 46 T AR 15 T8, DRk, I o330 0k 3 238.7MHZ. 4 AN RS 77 A2 B 19 B A
M 2 5 0 FLARAT A% G AR A A, 352 BR A FRATT BT 1 T 1R A 5o 3 A P09 3 o 10 N T T 1) 2 B0 A7 s 1k R 4
TR T AR 6 v, LTS TS B0, 4% PR S HLAE.
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Tl a1 EAE) T Z N T 2 AR BB A5 5 A BE 3 B 0 A P A T 3 E AEAR R AR B L 2
AN Y (K RAT PR BE AL A SO FRATT T 00 53 113 3l B 3 1 T — b 2 B A i A R M B, ST = A R
A IR IARE 3 A S0 P J2 B0 T 1k R T 2 A 4% 122 SR ORAIE. Smart buffer a5 8150 2 )& 125G R [ 3
ANAR AR T AR S 2% L 5 AR O T A AT B BRATI B Y 1 45 K 8 A0 P 452 2 PR 77 Ak B2 050 38 ) 17 S /0 1R R P AT
T AFURITSE e B I B A I 8 AR v FRATTRE 2 — 2D SRR B R TT A7 B ox P RE 14 58 i IR R BEH 25 T
Lt KA P P9 B8 IR DR P PR SR AT L
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