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Abstract

With the development of contemporary communication, communication scenes are more and more
extensive, and the requirements for communication networks are higher and higher. The demand
for routing equipment increases. The feature of CAM table high-speed search can be applied to
more scenes. In this paper, the application scenario of Content Addressable Memory (CAM) is de-
scribed, the design principle of traditional CAM and its performance advantages and disadvantag-
es are described, and the design scheme of a new CAM is provided. Based on the principle of CRC32
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algorithm, the traditional cache RAM is combined with the principle of CRC32. The CRC32 algo-
rithm is used as the encoding algorithm, the encoding algorithm is used for data processing, and
the processed data is regarded as the address of data RAM and conflicting RAM. Then each data
has an algorithm relationship with its corresponding address. When searching for data, the search
can be realized in the fastest cycle. Therefore, high-performance CAM lookup table can be realized
under this scheme.

Keywords
Verilog, CAM Table, CRC32, Performance Test

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

BaE BT s R 2, W IIARW T2, M 2G. 3G, 4G. FIILUNIA1H 5G, W48 AL%n I i 5
MR, EBLANA 1) 5G EMZEH, KOATERERISE S, B DA i A 2 6 b 28 5 4 R Bt R &t /R
BURRE, N T IE RIS M 2% AR B ORI, BEECRUEEOREE RS M s B, SRR
BB EHAS, ACHAINLE RS T 5 m Rk —— 7R85 TP T PR B B . AL SRR 28 AR R A
BB, HIEE A, ST E CPU MR 4HE, RS IR R R], PRI, FEE T -
Altera #1 Xilinx 1] FPGA & Fr T REBRKER &1, R R R AR BB ik, PRIk FPGA 7E W 2% 4 s
R R R SR

CAM (Content Address Memory) & —Fi 5 RAM 5 &M S IZZAFHLE], MBATEFH RAM [ i,
ANEIRAEERE— MR, SRATAE AR R, Ro bR SR, B CAM ZAHR W, HHEAH
FAHIE R TAAE, R 5 H R & X Nk AR, CRC32 &2 —F I TURI IS, 1EHHE
AR AL F R 2 2 B, 208 F TR B8 i IEaf e e B e &R A, JEH I CRC32 A it 5 —
W (LK CRC #fl, M CRC % 2B g MM 4k ¥ CRC REIZHA RN, RARIIREHER,
¥ CAM 5 CRC32 M4t , XAERELRIE, &— M7t CAM MEHEE A — 4N E T HCM CRC A, Wik
XA 1) CRC B 4 E 8 bbb i T 2247, A2 AR B CRthbl R A, XFEEH
ERIT IR 2 [1]

SCRR[2]2E T FPGA HIMKIHFET EL A Sk se B CAM,  SEHL CAM U5 ThfE, CAM IS Ihfe s %17
BB M*N FAAARE, T RARRE N, SEEUR I A ok LU BB AT 52, AR B R ThRESEa, H_2 kit
SR E K, AR, SCHER[3]— R T FPGA I %] F-hEAAE 8t it, X CAM (sl
18T BAREA , AH 2 Forh gl (1 S50 HAR U, R TGV H 7% CAM I S P A2 R0 R
2. TNEENTEE

FPGA 15 BRAM, B[l block ram, —Fifrfifat. nI LA HAR LS NE s, FF H25 Mkt 6] B
Bt o AH B, S EHEAIIE S NEAE 25, A0 R A HE R O B (R bk, IXRE AR A 4 A L2 CAM
#*, CAM REEW LUR AR B B 5 th T DL FPGA SR8, 7F FPGA A ) 72 M A RIN 1, CAM 7
FLUBEELE R R — R B B4, BB &L CPU ) cache . fieilmiX£e4E, T IR I A (1) v
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K, BRI EUCEC SR DL R e S . B B, NRAEIISEOR, O RREEH T 240X W %
HAR, 76 FPGA LAt 328l CAM I ThfE & H A fE o 26 i 10 B = 2077k

CRC & ML REZ IR . —A n B 2 Sl Z 77 Lh— KA B (an-1)*(n-1) +
(an-2)*(n-2) + ... + a0, LI HATA —1 8bit k% 737~ 4 10110100: 1*7 + 0*%6 + 1*5 + 1*4 + 0*3 +
1*2 + 0*1 + 0*0. £ WiTelpitic Hid 2 5@ AREE bz R . 2 n iz 5 e 2 9, i
VR ARBEAL . A, AN R S 4]

3. CAM H—f& 75 3%

HAT, sl CAM WIJEARZ A, (AEA R, XNARSSEHARNINE, BRI
AR, EMIIEN K E S ram BEA—E AR B A Bk B bk, 8 P T K
BEE CAM MIPRIEESE N, P I AR, 07 A ) — S i (R PR REZR A i 5. RO
BPIEHIERIR K, WAEEE Hash BEHIER™ 4, 0 A Bl 4T Hash 53k, 200 Hash Ja, KuEf7
RN EERALE B, NRE RN ot etk B, BARMOTIREHOEERUR, [ERITIVER % 7L Hash #h
9%, I H. Hash HV:TE FPGA LBl S 44, A5 MR b6, M, MIMA I 2 k8 LA
R, TR A

3.1 WiFF&ERZE

WU B SRR LR B, AR S — MO e S N — ke, /N AT AT 0 M X
AR B A T PR BRI — AR AT 5, TR AR, AN BTN, B
AR, DRI n MEOE, WUREEHR R, O RID T, B B TN B
HE, B4 SR R[]

3.2. Hash &%

Hash 5% 2 B F B2 A4k Hash 38, Hash XA p9%ds, #ELd & F Hash B, &M
A —AEE WA B, MIRATHET Hash AR, R 720/ H0E st Hash 3RS, Ersk
BER AL S, BT HEAT — WIS 1 LA R 4R B AR A 4R 5 dE . 7F Hash 250, BATTRRE NS0 E A
B 1A (Key) [6].

7F Hash A8 of 016 9% Hash eR 8, 3 WL LR Hash B30 . BENIECS 5. efkiafik. e
PRERE. BEEREY. REGSHEE. ks, B s sk,

7 Hash 48, R Hash s& 08T 7= A (OB 47 B T B < R A= Bl i B O A7 — 22 3UR NS 7,
PRI FRATTFR A Hash filfiE . & ZE Hash RS, FAT RG-Sk I3k, A LB A X B A7 r
B, 02 iE SR R R . L Hash R AR UEE T8I L

1) LMk,

2) ZAHRIE:

3) BERMYIE;

4) 4y Hash ¥[7].

3.3. itk CAM & 5%

FERATHEAT CAM RA RIS L, FATERERERIFF & HRIE R SLBUR 5, 5 Hash BHRKHE AL &
REARI R AT, AR P SCHLR R, AP SR T i, HE SR & 4R %5 CRC32 SLiJ il

o 1N
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CRC (Cyclic Redundancy Check) 2\ 4% B 4 {8 F £ 248 G247 A1 5G 18 A5 Ak, PR 9 40 R A8 1) 78
BVE, VERIIERATE Y, B DAFRATT 6 2500 — i s SR LA B I T B 72 B BRI A5 1 T VA,
CRC #H BRI Z 1. BAEN, FovEREFRRTEN, BAT5EM[8]. CRC32 B4 W H TR &L,
ERBRATM AR EHTE CAM E3kH, % 64 bit FI%HE 1T CRC32 G AL & 1 32 bit, —> 64 bit %+
BT gmA JE #2 — AN UREY 32 bit £, HJEX BLE A A AR 64 bit 28 32 bit A5 E 2 A R,
B, B FORIXFEN, REHEA 2 1 32 ROTIIEUR, A Ao, (B2 2 1 32 i —A
Z L RKMET, FPGA MEAREARKRMAZ, FrbARATEATT LR, A4 E ik CRC32 e,
H Al CRC32 #i AR AR B, BREEAE F BRI, Z L Hash 1% .

PUF R I T CRC32 Sk kil EHEAT AL CAM RE AT, Wl 1 P

| CLK——>
| RST—p!
- 1 DATA ORIGIN=P>
|_CRC_RST=—Pt
conflict calculate
| EN——> CRC32 code
| DATA——> ———0 DATA OUT—P>
<¢——0 READY
conflict level
A A
0O READY:
| DATA———>] conflict ram
| ADDR——>
| DATA=——————eeeepp> O DATA
data ram
0O READY: HITS——>

Figure 1. Architecture diagram
B 1 ZE

FLARIh e R IXFE ST -

BN AR ELK B NEAITYIG, G 0, SR K AR B g 1T CRC32 12
B, %) 32 bit IEHE, ERBATHEIL R 12 bit, A4 HEUK 12 bit e, KA 12 bit £z % ]
PAFRIE 2 1) 12 IR A7 T, FESERRRN R &2 — MR K E T, 1X 12 bit (BRI VR b 58 S
Bt , 7 conflict calculate 1 HA — M T RE, 224414 12 bit FEME I m Az Hf 4 E—> 00, &
Fl)—/ 14 AL %8 bit FIEHE « BX A EAEVE N conflict ram FIEREHIIEHEAT 2590, 1 S B HhhE 2 5
PRI, IR AAEBI A T wgE, IR AFRERAEXAS 12 bit R AT AN | 01, SRJ5 2 B 4yix Mk R 1 2
BHEEEE, A ZHhE T RRAAEREE, AR T bR, ML ELE 12 bit FAEATT A -
10, DASCZEHE, MR RTIAMEORE], BT DASCRERI T R BB A A, 12 bit 7T LERR IR Z 50, FrbhY
—ANRATA 0 S S SR LT R A2, IS ATESERRIE L T AR R AR LT 0, I HOX AR
DI AR AN S e R A DR, BRI AR R, LURAS RSN, WiE 2,
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P_MODE IDLE

P_MODE INITIAL

l_l

P_MODE SET

Figure 2. Write state machine

2. BARSH

P_MODE FIND

AR FR: WRIRA T AR CAM R & A7 /RSN A, Z0K 5 N\ 2k k305 { CRC32 1331 — /> 64
bit FI%iE, ¥ 64 bit FUEWEREEIN, BUE MK 12 bit, KX 12 bit $di k%45 conflict calculate 1 252 75
Z MRS CRC32 J5 4R 1X 12 bit £dfs, B2 R MAFIEMR, ¥IX 12 bit AT b 1 00, 2
J& 24 1E conflict ram ftthhl 23T 20, a0 B aZhhl O REEE N 1, IE CEFAE T — b, B4
AT 12 bit FEaim«h b 01 F ), iz thl T8RN 0, AR BE AE 2 girhge, B LAk
B data ram HON RRX AN HBREGA 5 RS, AR A — N R RATAE E AR AR, &2 IR

KAFRNAER, DURABHPIRESL, sl 3.

P_CS_IDLE <
/
P_CS_WAIT
\ 4
P_CS_INITIAL
v ,
P_CS_SET RD P_CS_SET WRIT

y

PCSFIND [«

P_CS_SET THRO

E

w
Figure 3. Read state machine
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4. THEEWIE
4.1. FPGA Eﬁ}E

FEFATRE design Beit Se i), — BEEREEBEAT 05 Flk,  E B DRl EANS 07 30, B0 548 12
AN I FP AN JRy A A5 1), B TR TR, a7 SOBOB A F Bk U 45 8 5 IR, Zhag
HikF], A0 E T RA modelsim. VCS 4%, Ja {2 B BATM BT & B AN i, i 512
BEH, AL RN ORER R AR EOR, A — SRR o £ e 0 O AL, e 7 EOR R Rk
FEMESAFOAT S0, RSP TARRE LT3, — AR B s AT e i R

4.2. BHiF75%

M CAM DB &SI, LANAS N D Re i B A5, DASR AR i S8 I 5 NI 48 e 34,
DM AR T RE AT 0, DR AE P IR I L T 2 4R 55 B b e o Ry A s = 2 8 K %,
AgrEA g, BrCAERWIG N R GECE E R RS, PRI SRR S O\ A R T A B e
W, ARAE MRS S50 2RI Hash B REEAT LA SE 3, DAk n] LA EOWL & AR AL R 1 Ak

BT EEE, BREIREEE, AR, SRAIMTE R MR R RRES T, 5N
R CAM TERE, RUFRM 1 BUF = ROR AL S50 R A s 434 -

HESEE N 100 A 64 bit FIEHE, X AR FENL, AR, SRS RO B RS
BNEHE R LR BAEE R, RGP AR, AR 100 A EdE:

HELE N 1000 4> 64 bit FIEHE, X EEERE N A EBENLT, RAMFEIR, SRR EdE S kS
BNBAE R LR SRR, ARG R AR, B 1000 N,

HELES N 10000 > 64 bit BFIEE, X LR N A ZBELR, RAFHER, SRS R UK EEE S R
SN R AR ER, R R IR, AR 1000 %4

DU o AR 4

task setl;
input [31:0] times;
begin
for(i =0 ;i<=times;i=i+1)begin
s={$random}%999999;
$fwrite(fol, “%6h\n” ,s);
qli]<=s;
@(posedge 1 clk);
I req=1;
I mode=P_ MODE SET;
I _valid =1;
I din=s;
I addr=];
@(posedge I clk);
I req=0;
I valid=0;
[ din=0;
I addr=0;
@(negedge O busy);
@(posedge 1 clk);
end
end
endtask
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initial begin

1 req=0;

I_mode=P_ MODE_NOP;

1 valid =0;

I din=0;

1 addr=0;

Lostpkg=0;

Rstpulse;

Init

Wait(O_done == 1);

#1000

fol=S$fopen(“datainl.txt”);

fo2=$fopen(“datain2.txt”);

fo3=8fopen(“datacompare.txt”);

set(10000);

find1(10000);

$fclose(fol);

$fclose(fo2);

$fclose(fo3);

$display(“lostpkg is %d\n”,lostpkg-1); #1000
end

4.3. FEER

B94IF T.H Questasim 10.6¢c |, @it Verilog & 37 F 3G UEIA RN CAM #2625 I DI REEAT T 58 8
IR SNEK th, X CAM R4 KERVLEL, 78R E N, Wi EEIEH R LA H CAM £ ZHIRES
MUBkH e, MBI —— Bl Fk—— i R —— 8 5 N —— 8 s i — i texs, AT L& 3
B, B RATIRAE to R LU S R A Tk St DLAR BRE DR Z T, MREE
AL Id SR, Wl 4.

REHE HERER
100 0
1000 0
10000 4

Figure 4. Test statistic

& 4. WikGeit

FATRE IR G 2R 5 EHIEA Hash ZARIELANERZ L 1350 B B, AR N, BRI
I B RIS, AT SN2 RE AP SR, S XS P A7 SRR B A Y BT B, AT B 2 B 59 0 AT R

%3 IRFE % Hash&#%i& hicEHRE

BE (1) 15224K 40113K 18991K

Figure 5. Resources compare
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e TIES=¢2473 Hash&iki% RALERE
=P NEsh 1 CLK 1CLK 1CLK
EHEH 100 CLK 1 CLK 1CLK

Figure 6. Test 1

& 6. Mk 1
£ IRFExE Hash&i#kix ik ERE
SAEH 1 CLK 1 CLK 1 CLK
B EHE 1000 CLK 1 CLK 1 CLK

Figure 7. Test 2

& 7. i 2
251 IRFERE HashZ&ikix fitbERE
=PNE3):( 1 CLK 1 CLK 1 CLK
EikEHA 10000 CLK 1 CLK 3 CLK

Figure 8. Test 3
B 8. MK 3

PATHERL I REIR AT CUR DL, T E, wnlsl 5, fitbEdiE, ML TP Bk R A 5T
SRS 2 — Lk, (HZ W]/ T Hash BHRVE R BHIE, 165 NN SR 00 L, IR 22 4R 95 75 2 —— U,
MRS AR I, SRR I A2, 5 Hash AHRVEAHE, WA AEMR RGO, wlE
6 Fnls 7, PAFEMNR, GAMERN BEIARRE, W 8 b, ERIRE T, PUVES SN KRR
i, PR TS, L ER A M & Hash BHRIEZ 4L,

i SIS AT LA 458, DAL EIRIER — R I i, BAR Iy BRIk 1
U, ABRVEREWIRIETE, AT Hash &4k, RAMEMMREILT, MRS MMER, HE2D TRZ 5
IR, IR AR5 78 4 B & AT

5. 45RiE

H FPGA ¥ 1t CAM fiAifias, JrikfifE ., i RE . DLBCIHEER, ASCHT FPGA #it CAM {25,
ARG BRI 1, JET CRC32 FAMIEH, HHMANLE CAM EIREVEMHLHIH, SOl 7 AR
P, SEPLRT R JEE, B BHRAS, 5T xilink BOFFRAR, I modelsim #E{T{H X, M verilog
systemverilog 5 testbench HEATVEREMIARK, IR AE 5E 408 B TRHARCR .
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