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Low Power Design of Router for LS-DSP
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Abstract: LS-DSP, of which the inner coprocessor is composed of process unit PE, is a Digital Signal Processor used for aerospace
image processing. Router is a special unit which interlinks PE net array, and it is also the part most frequently used for operation. How
to depress power of processor and elevate calculate efficiency is an important topic for research. Aimed at a low power improvemert in the
circuit of LS-DSP router, a design base on clock-gating was carried out, and the algorithm was taken as an example to make the power
consumption analysis and comparison of the control and operation process. The experimental results show that the improved architecture

can reduce the router power consumption by 76% .
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Fig.1 PE architecture of SIMD DSP

EEHE - EF 863 BT RI0E (200244714022) ; EAE E 5 B (41308010203)

fEE®N ERN(1966—), B, FERE L4,



ZE@IN, 4 : LS-DSP # i 3RA T RER , 53

1 BESLERESRIRRTSE

B e 8% B SR B TR 24 (bit) B R 7 2, WA B AW IR ER, RIEETGEEREELE , Bigd
AM PEL {52 B PE32, IR A 5UIBW &£ PE2, PE3, PE4,--,PE31,PE32,

RETFR, TR PEL B4RBA 3 PE4 o, R Mk s ek, B #BLIRL, - R BT, HE
2 BiiRo

Data

-----------------------------------

BUFF 1

B2 B R
Fig.2 Router transmission
R Data BH 4 G, WM RGBAB R(i +3), BEL 4 Asntsh, BATH RARSH LI, BIBfL
#HF. W R H5H, A 3 iR,

4 ALU
CPRT
—I ‘ T l::;
L_ Data Out
Dataln
=ik 2t ]
BUFF

3 TRKaBER
Fig.3 Controllable router logic

BB AR TR F TN R B (BB ) o B A—ATTER S0 ( Clock-Garing) 3 % i i 256 2
FHTEH,, SHLHLBFTLIER, Y daa A R1 B 4 (5] R4 BF, FORAEEAIE 3 R1 B Re 2 4 HBS5h,
B®HFA RBLMIE, B S, M R UE—A R.R3 EHAME SN, FREEREZ
Data In B #42 — % =415 Data Out 30, A TRE R BFERE, B 271 RL.R3.R4 M, R2 BF)
RS E3M.F4MAMLE BRARARBLFE VEFE TR, FIEEMENTE 4x4=16
KAFEIMEBRTFB 2+1+1+1=5K, TEHUBRKELEEEL N0, W LR ZE AN h 23855,
BT RH TR,



54 EEBEXEER 2007 35 4 )

2 EFRREREEMNBEHRATER

BEBEEGANE Nx N, RH SMD FRMHTAETA—BREF], 1 x N PE.
HEAXR:

4,(n)=08,(n =1+ L{a(a) - 2,(n- 1]
(1)

5.(n)=8,(n -1+~ [b(n) - b,(a-1)]

He,a(n) 1 b(n) 3 BIRAE o FEHXWRBITEEFMEHEE, 6, (n)H0 5, (n) 55105
BEEEMEGELE, WA—BENTEIR, HETLE & LRAXEN T, B

(n) [2&(i)+ﬁ(n} (lgn<32) 2
d: n} = e , )
Eld(i)+d(n)—a(n_32) (RgngN)
jan-3

HF

4,(n) = %d:(n) (1<n<32)

l 3_12d(i)+d(n)—d(n-32) (R2<ngN)
b (a)ATHEA AL BT,

R EBARA

vg(n,m>=5ﬁ[v,(n,m)—a.(n)] )

RTREADECEMEERRTIRNIRE R ——F 7, E XA R ¢, (1)K
FoRA R PIRAEBFE A B ey AR TORESMT . B SREMB T BB A REORR LT, RGN EHH
BB R HATR R RERIFT IR R, 5 V=32 W, ATLLE 5 B A5l

B 15 AB—A

PEl PE2 PE3 9 PEN

a(1) a2 &(3) - a(N)

N D 2@ - a(v-1)
-Z;a(i) _Z‘fa(t) Ela(i)

i=N-

824 BB
PEL PE2 PE3 - PEN

Zd(i) 2,80 2a6) - 3 a(i)

\ \ Ea(i) __E;ad(i)

Zl&(i) >a(i) - >3 a(i)

i=1 i=N-3

1 2
DA HE Bt 5 B Aingk, PEL, -, PER BESRERT 2 ai),, 2. a(i) B91E,



SN, %5 . 1S-DSP B ch 2R AR TEE T 55

3 MitEmHENATERE

5 FERACEE D BE 1 2%, HF 81 X I RS — b (] #2083 Bl ( Clock-gating) #2112 48 , FLAE | R A -
£ 18:(1) XM 2i (i=1,2,,16)d 4,
PE REL®H 1 BTHRIBE PE(I)>PE(i+1);
(2) £ 2i -1 (i=1,2,,16) 8 #;
TR, SRET PEQ)(i=1,2,,16);
k(1) %A 2i-1(i=1,2,,16) ,4i{i = 1,2, ,8)EFh;
PE REGH 2 BTH%BIE PE(2i)—PE(4i);
() £M 2 -1(i=1,2,,16), 4i -2(i=1,2,-- ,8) B} 4};
HETIBAE, B REFTF PE(4i)(i=1,2,-,16);
¥34. (1) RFE8i-4 (i=1,2,,16) B,
PE REHR# 4 BTi¥R{E PE(8i-4)—>PE(8i);
(2) AF)E 8i (i=1,2,3,4)65h;
TR, B RET PESIN(i=1,2,3,4);
F45: (1) AFE 8i (i=1,2,3,4)F14k;
PE R {EE® 8 £ TisHR{E PE(8)—>PE(16) ;s PE(24)—~PE(32);
(2) RIFFB 16i (i=1,2,)mt8h;
HATIORE B RFT PE(16), PE(32);
5 52:(1) RFRB PE(16)BT 8 G 16 ™EITH;
(2) AR PE(R)E$R; 34T, G5RFT PE(32).
PR AR RS BERE H LA R IR B B [T MR B BT BB AL,

4 ThEEXLLSH

HERBEZREERE, *AMBARTRZEEN S BERG R T LMY R
(N=1)+(N=2)+(N-4)+(N-8) +(N-16) = SN -31K; b4k N=32,10% 129 . BREREch#%
SEM BT 129 MRITBARE, 120 D E NEERE. BAUBRERBMMERBENE 1 xR,

»®1 ENREBLRIESE
Tab.1 Low-power move-operate table

4 MPP LT P
. PEL PE3 PES PE7 PE16 PE31 HB—fHiE 16 K5
NN N N N N NN 16 YA B vk

2

2.t N N NN N NN e e
3 4Bk
s N N NN e akin

ot S R G

M N N 2 W 2 K
. . N 16 164 BT
| AT I

T, st BB 28, SRR E HE AT 16+ 8+4+2+1=31 KETTHE, 31 N H I ; B4,
B RS B 2R T B VR L s W DIE (S R R B e 2% 49 24%

LS-DSP 3K A SMIC 0. 18um R AESLTTREBEAT IR, LS-DSP B AR A 4 B

LS-DSP B WA RE), HEERASH W T 32K 0. 18um CMOS TF ; B R L RBUE X 1000 J1 3%
3 5 B TR Smm x Smm; 34 120MHz; BUEI R F 9 F- 39 38T 325.084mW,



56 EfFHEREER 2007 E5R 4 4

5

B4 LS-DSPRYYIERRRE
Fig.4 1S-DSP layout

&
HEERERY 1S-DSP (R b SR EIVFEDET R ETh ey, Big b AT LI 4 76% B9Z0HE, X F ALK KA

SERE DSP RFERLEHAKN S, AIRMREZERE EEN, NMEDIRE BRI T REN

=
=]

TR SRS BRI R A S E A LIS — SR RIEN RE, NEBRRF HRAFE

RTL S5 , 8 AT LOR BB AR H B e — SRRt S8 ThE . T ES i — % — S UM B B, L2

#*,

(1) B i0 A FARVGEE 0 fr S TS
(2) S EHSHEF S R EEREX;
(3) HEIGAR A B BTN LRI, B LA, T MR AR AN, — T o Bk ofre] LA SE A%

—EERAE;

%

{13
(2]

{3]
(4]
(s]
(6]

(7]

(4) 3IARABE WERLANRTARREL, SRS EHFFREXEK,

% 3 Wk

W MPP A SR IO M), JE3: WA AR, 1999.

Kojima H, Tanaks S, Sasaki K. Half-swing Clocking Scheme for 75% Pawer Saving in Clocking Circuitry [J]. TEEE Joumsl of Solid-State
Circuite, 1995:432 - 435,

Momanaro J, et al. A 160 - MHz, 32~ b, 0.5 - W CMOS RISC Microprocessor{ )] . IEEE Joumal of Solid-State Circuits. 31(11): 1703 - 1714,
1996,

Mehendsle M, Sherlekar § D, Venkatesh G, Extensions ta Programmable ISP Archi for Rexhiced Power Diasipation [ C]//Intemational
conference on VLSI Design, VISI Design'98, 37 - 42,1998,

Gamett D, Stan M, Dean A. Challenges in Clockgating for a Low Power ASIC Methodology [C]/IEEE. Intemational Symposium on Low Power
Flectronics and Design, 1999,8an Diego, CA, USA:TEEE, 1999: 176 181.

Kitshara T, Minami F, Ueda T, et al. A Clock-gating Method for Low-power LS| Design [ C1//IEEE. Proceedings of the ASP-DAC’98. Yokohama,
Japan, 1998, IEEE, 1998 307 - 312,

Lahiri K. Commmication Based Power Mananement [1].IEFE Design & Test of Computers, 2002, 19(4):118 ~ 130.






http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704011.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%89%91%e5%b7%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bf%a0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%bd%a6%e5%be%b7%e4%ba%ae%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Jian-chuan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHE+De-liang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e5%be%ae%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%2c%e8%a5%bf%e5%ae%89%2c710054%3b%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e7%94%b5%e5%b7%a5%e7%a8%8b%e4%b8%8e%e8%87%aa%e5%8a%a8%e5%8c%96%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e5%be%ae%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%2c%e8%a5%bf%e5%ae%89%2c710054%3b%e5%9b%bd%e9%98%b2%e7%a7%91%e6%8a%80%e5%a4%a7%e5%ad%a6%2c%e6%9c%ba%e7%94%b5%e5%b7%a5%e7%a8%8b%e4%b8%8e%e8%87%aa%e5%8a%a8%e5%8c%96%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%2c%e9%95%bf%e6%b2%99%2c410073%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e5%be%ae%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%2c%e8%a5%bf%e5%ae%89%2c710054%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e8%a5%bf%e5%ae%89%e5%be%ae%e7%94%b5%e5%ad%90%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf%2c%e8%a5%bf%e5%ae%89%2c710054%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-gfkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b2%88%e7%bb%aa%e6%a6%9c%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704011%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kojima+H%3bTanaka+S%3bSasaki+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Montanaro+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704011%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Mehendale+M%3bSherlekar+S+D%3bVenkatesh+G%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gamett+D%3bStan+M%3bDean+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kitahara+T%3bMinami+F%3bUeda+T%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704011%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Lahiri+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-gfkjdxxb200704011%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%a1%91%e7%ba%a2%e7%9f%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b2%88%e7%bb%aa%e6%a6%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%9c%9d%e9%98%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xxwxjsjxt200112008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xxwxjsjxt200112008.aspx
http://c.g.wanfangdata.com.cn/periodical-xxwxjsjxt.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e8%b6%85%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%93%ad%e6%9b%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Chao-Feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Ming-Zeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjxb199910018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjxb199910018.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%9d%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a0%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%a7%9a%e5%ba%86%e6%a0%8b%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zjdxxb-gx200102007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zjdxxb-gx200102007.aspx
http://c.g.wanfangdata.com.cn/periodical-zjdxxb-gx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e8%b6%85%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%93%ad%e6%9b%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Chao-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Ming-Zeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjxb199908008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjxb199908008.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%a3%e6%8c%af%e6%b4%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e5%8b%87%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e6%bb%a8%e5%85%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%93%ad%e6%9b%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ji+Zhenzhou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhou+Yonglin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fang+Binxing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Hu+Mingzeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gjstx98200006018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gjstx98200006018.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gjstx98200006018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gjstx98200006018.aspx
http://c.g.wanfangdata.com.cn/periodical-gjstx98.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%bc%9f%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%97%a8%e7%88%b1%e4%b8%9c%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e8%b4%ba%e6%9e%97%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%8f%8c%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%82%85%e6%9e%97%e6%98%a5%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6093840&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6093840.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%9b%b8%e6%99%96%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b9%e7%92%9e%e7%8e%89%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_gykzjsj200805005&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_gykzjsj200805005.aspx
http://c.g.wanfangdata.com.cn/periodical-gykzjsj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22A%c2%b7Chaib%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e9%93%ad%e6%9b%be%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22A%c2%b7Chaib%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Ming-Zeng%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_jsjgcysj200006007&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_jsjgcysj200006007.aspx
http://c.g.wanfangdata.com.cn/periodical-jsjgcysj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%aa%e6%b6%b5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Han%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgxbkj200710003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgxbkj200710003.aspx
http://c.g.wanfangdata.com.cn/periodical-zgxbkj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%a3%e6%8c%af%e6%b4%b2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%b4%aa%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%96%b9%e6%bb%a8%e5%85%b4%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hljsxyxb200104008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_hljsxyxb200104008.aspx
http://c.g.wanfangdata.com.cn/periodical-hljsxyxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_gfkjdxxb200704011.aspx

