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Abstract: Due to the deficiency of traffic measurement capability in high-speed network, it’s valuable for
detecting large-scale network security incident to identify heavy hitters precisely in time. An algorithm of
identifying heavy hitters based on two-level replacement mechanism is proposed in this paper. In this algorithm,
LRU replacement and LEAST replacement are combined together to improve its accuracy. The heavy hitters can be
identified accurately in small constant memory space, so the data can be treated more rapidly in limited space of
SRAM. It’s unnecessary to provide more memory space for more network data, so the algorithm is scalable.
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oA 265 2 48 A O 0% A4 A IO T B 7 3, DR 43 D TSR ) 248 2 A 2 A X R 0 0 A T e ) 4 9 o 1 SR B
SY TR SE B . H AT, 3 AT B R AR G DA N RS IR 8 A Ay M A 0 G Al o % L A [l Y A AR T
o T 22 I 2 KRGS 1) 48 BBk, A M 2 {1 ity Do) 28 2 AN 0% (347 DA I 486 05 ERUBR R 81 B e B AE 10 40 Bl &2 s 1)
I ) PR JaK e I ) P R 3 B AV 55 A2 ML, I L bl 7 A DK R 1 B ST 5 55 o % A A A TR O AT
B T P2 AT MR 45, DA B I R T AT 280 sk e K A 1Y) 44 Tk

R 22 WFFOE I R A U 1) R R R TS  FS RE R  R) SR U B A R ORI AN T B R R AR
A7 B, B T (Y B S OO B S AR AR B I % M v T R AR S A A H P H kL YR
IP itk AR St ORI B0 I 11 R B D50 5 St AR ) 26 B 10 % 2 MR AT 90 e B8 00 07 A 9 A R T LA 3%
RO LA, GE AN A H R 1P Mk 37t Btk T LA sE 4 DDoS 2iki i H A%

SR 4% JRCU BT E T+ W B B B S i & I R B RN S LT B2 B TR S e s
IR L, ML A7 it R0 A R T P T8 7 AN D T, AT 5 P 55 A 7 R v e Ak B o s ) —
R AR A7 i 2 100 A 0 A5 2 0% o 77 A U 1) 3 S P ) SRAM F 5 28 il 2 A7k 8% U il K804 T — 28 R A 1)
28 2 A Ak JAT TR AR R BN G T LA T 440 DDoS Bi [ E (f H ARk i s AT B LA g DA
fR R 8 WF ST 78 T 4% 48 T e AL A 58 SO IR 260 G FR A KAt (large Flow) P, i 7637 345 (streaming data)fiff 57,
KIREN SR A heavy hitter B4 %35 (frequent entry), 2 S0 h S5k K B X 4.

AL GETE R X 5 AT LAY 4 K A7 2 ) A R S RE WS A% 724 SRAM FY Wt AT LA B i Rk b Ak 22 o
LR R T B TG OC 4 T, A e A P S SRR A 1 S 0 B R DR Bl A I AN S
oS G 38 KU BT G, T B PP RE S A 1T = R B ORI B S i B AR SC & A LRU(least recent used, fiz 1T
W AARH)FI LEAST VIR HLHIEE S T 3T = G oL B R S 481 8095 (LRU&LEAST replacement,
PR LLR), 55002 6 0% 7HE ff 1t 2 T I 4% o (1) K 5 R R S8R L 9 A R DGR R . 28 2 W5 3R I 43 7 2
F G KB R R S G 500 56 3 1l S 3 S SV AT VA e SR X A SO AT R 4

1 HX#HR

U4 i 5 AR Flowv 2 199 2% 07 B B T FL 2 Cisco 9 NetFlow!™, & it 75 RFC-2722P kR E R T 44 f¥).NetFlow
O BIE P42 R -E e AL 1 flow, R4 flow {5 B L gh 2 IR ¥ R % — 7 A7 4330 flow 15 B2 5 A K&
A7 fits 2 D 5 — 7 T 1) P J2 A 3% H A5 BT R G it jl 7R K IR g NetFlow 1728 B it ik 190 2 B35 e
) SE SR I FR G 1 i 1) B A% . Sampled NetFlow SK A T8 BA SR A 1 555 W SR 08020 P AT o FH R A 07 ) B el A e —
ol fz T 0L (R 4 R 7 3, A B 5 I T 7 A — SRR R 0 B R B EL S V2 A B A AE DL e e N = R
LA A S 5 AR5 0 AT U0 DA B 2 Aok 00 D 444 o N — o ] 20 R s

FE SR RE A8 1 R0 PR AR 3% R R 40 38, A0 R GE LG AR (0 ml T JR 4, 81 0kt o kg v IR 485 3 £ 00 s PO T 5

[7IRR T — Rl Ry A4l 7 0, 70 TR0 52 1% 4% B HE A0 12 3% el 308 3 S0 3738 2 33 0 b AR SR8 97 % 90 IR 461 SR [8THR
Pt IP S AR R T B I B A e T 0 5 5 BB 1 35 4 LU AR A DC P DA S I 2 A R SC A, HAT 38
B (7 WAL A . SRR 910 I 0 28 27 b DX St A T ) P 810026 (14 3 SR 3R AT [ 00 2 P B R BOE T DA b A 2R 1 0 Y T
U AR Ak, SORT LA ) U A 94 FE. Kodialam 25 A2 HY ) RATE 57315 i %t two-runs(45 3 & 5t b P4 3% 45
A AR DE BT Flow) IR T 250 A 1 70 28 5 S TR KN 32 125 R A A 2 /DN 14D 245 D LA 0 T DR T % R KK fH
Sof /N B S PR A AN AR SCHR 11, 120000 40 il 38 i 6 RATE 3% flow 5005 5 1 otk 358 & T S0k v
P BEAIG T O AN T 52 2% B A SR T LA R A AT T U Y RE B v R S N AR ) (E M DL T R R U
FE IR .

KH) Hash 7792 w] DL 45 B0 45 5 25 10) AEDHE /2 T T AN Hash &5 4 Tt Js a0 445 B SRR [13]
KH SCBF(space-code Bloom filter) 15 ALK Al T B 05 4 AE A A 1 38 D) 4% & 6 3 2 6 B 1R K/ vt
S (] B OC-768 28 #), (H s LA SR A3 it i ) 52 1) Se 3845 5. SCMR [ 14148 7t Hash 398 557 (1) Bloom Filter
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Reproduction J5 VAR TCP FEHE AR S i K45 B DH T 30, A AR ZE A M F vh TE 20 447 TCP Tuyn 245 2 iR s
Hash 45 5 ] DU HE A b ik it TCP & 4245 5, BEAE LA A 1K 08 U5 oy PR R 2658 v VD L 2 A ) o) ¢ S i SRR [2] W42
H 7 — Rl Hash 4509, BE A% 8 i > 516 Hash byt 4. 21 R 0 G, B A e 19 205 1) HS 46 28 Hash 5 YR AR b ik
AT P A7 2 R DR T Ak R T R 4 AR R YR A e o T SR — A ST T LG o R ) B
o0 255 B4 2 e 38 .

Estan 25 A28 1 WRUIAAHE H T 76 M 4% 90 2 0 2 o R IR T80/ (Focusing on the elephants,ignoring the
mice)” 9 S 1, LLFCFE /NI B G A R R AR B T A7 A A T R HE R R L P %, I8 H T Sample and Hold
F Multi-Stage Filters P 2. Sample and Hold 59732 75 Ji JA R AL B il b 09 o83t 6T 23 R (1) Flow, L5 8
T-1Z flow [FELI B SE it % Ak SO0 i) o A M T 4 K4 5 Multi-Stage Filters 559K F 2 4% Hash X flow
T AU R — 2 Hash R I0034 7 2090 5 B 16 Flow B A4 4 1E 238 58006 I 2% 8]/, BE 8 1k aff iR 3 Large
flow.{H i Hash EiESAEAN R H flow WS 20 A1 [7] i 48 (8, 2 =i 4% Large Flow 19 SRR &, BT LAZE Flow £ 4
KAR KA D0 BL3E 238 0 Hash 2 1) 4 DLFR AL 3 28 SCHR[15] ] trie B CRAF- I % A5 B R TE T X A
BT 5, S A B — A B I 4R 2L 1 R trie M4, i% 5035 BE IS AN [A) 2 VAl o 4 Rl — 4 R it
G AR trie B EIAFAE A LR, T HLIR AN T AR R B 2 LLGRAIE. SCHR 16142 H T F 28 B0 F D T B 4 1) LRU
FEME AN TR FEELI TR Flow, 28 J5 %o R HICA6 51 5l 0 65 by 50 0 I 57 s LA 4 T 28 3 B g v B
P R A v AF A B A N T ) BB 1 5 ) o 5 3 B VR L IR ) DR TR A G, R e A TR R S
AMEN] LT 24 K B A7 23 T 1t EL ng CAAE A A D B 5, 3 A e o B FH 7 R

2 ETFZREANH MR IHEZE

B e v ) 4% 970 e MV 92 T ) A T DA DH O 3 vl 2 T 3k SR vk 2D A B 5, — 2 R Hash 77 vk [k 4
2 [, b Ak B T 5 5 — 2 3 3 VAT IR /N U S Bk D B S T R IR AL R SR SRR SR R A 5 3 Fhi& AR,
ZEEE T LRUQR T B AR ) K HLEIRT LEAST (5 20 ) Uk WL 54 D0 3 B %h, SEBIL T 78 [ 58 KN 25 1)
A HERA S IR UL 1 0T 42
2.1 EEiik

ZRIR LA A AR G R A PN ] 58 K R B3R B L AN B SR A LRU YRR B, 58 A 0 35 1 nf
ST B BT T, 24 510 32 39 I, e A U A8 60 B0 100 6 G4 v O, T SR e v R R G T 1) s O — A T A
LEAST_LH(ARSCSE K A A 2), Ik N5 2 ANFUER, S W E B R 755 2 M HIFR A LEAST ik #il i, B4 1)
TN EF AR B N G, MR P RIS G A BAR Z N R ERREAGE 1 AR BT E T ERAT
5 1 YHIRMRAE LRU_L, 2B 2 45 £FR1/E LEAST_L.

LLR BVEEL AR IR,

1. ¥R LRU_L 1 LEAST_L;

2. LRU_L K/#=L1,LEAST_L KJ¥=L2;

3. U P Bk SO SR B T B an{ H 1P ik},

4. ifPJET LRU_L x4 F1

5. F1 aH50in 1,773 F1 8 LRU_L % iif i,
6. elseif P J& T LEAST_L "1 F2

7. F2 M50 1, A LEAST_L BUR F2 N3 LRU_L 5 31;
8. F3=H{F LRU_L # )5,

9. else

10. H P ST —ASE RN S I G LRU_L S i 1M
11. if LRU_L Ji%>L1

12. F3=E{ T LRU_L f5)i—Ji;
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13. endif;

14. endif;

15. if F3 B 50> Tk 9 {H LEAST_LH

16. 8 F3 #fi A\ LEAST_L;

17. if LEAST_L Ti%>L2

18. FEF LEAST_L &/,
19. endif;

20. endif;

BRI A7t 25 (0] AT LAAE SRAM Hp B8 tth b 31 245 I, AR B0V (0 VT B0 2% FE T AR 2 5 i) A B A0 R 11 2
TEDR B, T BRI 4 A A IR AR B AR Y — AN Bk 1 5 SRR I P B BEAE A 3R A R LI 6]
G BADN RN R TT LRI P A7 A 7 58— PR A4k A& 8 N 25 - b A7 i 45 CAM(content addressable
memory), R 1 IR Ui A5 i 8 AL R G 00 — PR B Bk A Hash A7 6ifi AL B Hash w75 22/ B EAM 1
FRAE. A LRU_L (R0 S SR W R B0 T 7 (R 9 0 88 Blfe S AL 200 WU B 4544 6F LEAST_L 11
AR AT AE N LRU_L UK R0 G RIIN BR oo 5485 v] DUAE LEAST_L 214800 — XCHEFP B LA 7 4418 1 5 LLR
S S DL S5 R P

1
'LRU_L---link list !

\VA \Vi
===
Packet 'LEAST L-binary tree |
—> |% < """"""""""
T LEAST_ROOT |...>>
Y4
4

O OO O

Fig.1 Structure of LLR algorithm
Bl 1 LLR HiksElgs iy

22 BEIREMEST

PA—ANB IR B (bt 188 1 4r4hal 1 /) o Ge vk L R U B 1 4 B PT(H 0 0.1%) LA BRI 54
KNS, LRU FER K E N LL A RECN NG A AR ECN NaA R & 1 ELBIG 4724 PT. 8 K &t
G LRU_L ¥k H 22 MR 2k P(LRU), A\ LEAST_L ¥k 22 IR 4 P(LEAST).

KRN B RN LRU_L 38K 2 MR P(LRUYN F25T A Sk MR a2 A fEiESE
M(M>L1)A RS 8 LI MEER, 4y 88 LA 73 A i 6.

ol <o
0 M M 0 L1 L1
L AR T4 4L B N AR /NS, TR JUART 43 A1 M 28 W] DA 0049 A SR s Ak 50, A

P(LRU) < (1-PT)" 2)

2 JETE PT=0.1%M 444 AR HE N (2)TH M) LRU_L K BERAS R IR R I &R B L1 76 1U/PT iIX— 4 &
g B3N B R R R IR PR T 0.
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S RSN T e onn0nton0n 000 e O
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g
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f5) F 4+
& AA& iy, raa,
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Fig.2 Relation between length of LRU_L Fig.3 Relation between packet count of LEAST_L
and replacement probability and replacement probability
of large flow (PT=0.1%) of large flow (PT=0.1%)
2 LRU_L K& RIS IR IR I R 3 LEAST_L IMEECRE HEIKER IR R

iR LEAST L K& L2,A HEN LEAST L W B4 3R ZF R A FEE R n ik A B LEAST_L
WK, MM AR N %L A BEELBEMEE g BL W >n>.>n,>n, . T
Ny Ny 4ot N+ N, <NITEL N, > (L2 +1) < n AR B, 010 A B VIR 06 58 s ny <[/ (L2 +1) |, JGME % i JL A

KB i
(V2N VN =N N
P(na<[n/(L2+1)))= > [ iA]( n—iAj/(”) 7
i=0

JITCL A #7 LEAST #E R IK A2 P(LEAST) LR

[n/(L2+1) | _
P(LEAST) < /(z )[N_A][N NAJ/[N] )
iz0 | n-iI n

K (@)TH AR N E DL BERM AR EE n Rl LEAST_L FIKE L2, i TR A E W A 5K (4)
FHEANE A SR IK R 2 8 1) 50 R, FRA T AR A R 5%

3 Ml L2 ME B0 N AR X (@) T MBS n (78 b A Bk B0 EZ FBR. AT LLG H L 7E L2=1/PT (&l
oA 1000) I, 48 15 3 IR IEAS R EF AR 50% A A7,/ T IX AN K BE A R B BR 4 Bl B0 0 g g Bt i
L2>1/PT My DA 52 2 b PR B 5 A0 45001 3 n P e B, B DAk L2>1/PT. 8] 4(a) 4 [ 52 n Bt L2(>=1/PT) I
B A BRIKMEE, B 4(b)2dL log-log K], ATLLE H K 4(b) ) i Se i 4G T L A AT IR I R A
(L2—1/PT) [H] F 9 Z AT LA ALk 3 B B0 ok 0% R AR T X LX) LEAST YAk SR 1) r T i %6 % 18 LRU_L 11
VBB AT LRU YKL HIE 40 B B AT naed, OB 52 08 2 1 LRU_L KB, KA T 0 5 4 ML o Y oK (9 1R
] DA R BRI, /& LRU_L BEM5 240 K 2 I R U &0 44, T BL LEAST_L KRS L2 AT LAZE AR 2 i ik
LRU_L #4487 (plru)% i K s %, 4 L2 KK T (1-(plru)%)x(1/PT)EI 1] .

B A T B PR G DAL T B — o BN AR U A T LRU_L, Gt SR K 2 6 G 4 v T B I B 4D i ) 3
53 WU % AT BETE I [R) B 10 i 2= 36 2 i1 1R /2 7 60 210 7K 17 Bl Vi UK 7 7 — Gy oL T, B i 5 5 ) 4k
P S R, S B R A TR LEAST _L T J8F B0 4 85 158 Vi UK (B T SR A A LEAST L, 4 SR KUt 56 5 i A 2104
IR D J5 WA TF AR 8 vh 238, 6 0T REFE RT3 B T B & 60 B 8 Mm@ Ik 20 T 5 81, T LEAST_L &
5, AN 5 T BA 2 /AL S B VIR 7E 2 IRPLE] T LRU_L 3 n] LS 3 b G2, b o JL A5 485 D T oK 22
T % A B ) 22 h ok, i 1 Se A 20N LRU_L VUK, SR J5 M LRU_L VIR, T LA B 2k v UK 0 M 2 g
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P=P(LRU)xP(LEAST).
0.57
204
-_(.; 201 _,_n=20000
§ 0.3 ;; nf40000
s 8 L n=60000
g 0.2 5 \ ——n=80000
& = 001 "
8 o1 g L.
% =]
@ 0.0 %‘ \
o 1E-3 \
1000 1500 2000 2500 ldOO 150b 2060 25|00 3600
Length of LEAST list
(a) Relation between length of LEAST_L and (b) Relation between length of LEAST_L and replacement
replacement probability of large flow probability of large flow(log-log)
(a) LEAST_L # DA RIK R 5K E 2 I K R (b) LEAST_L #§ ik 2 5 K i 2 [] {1 5% & (log-log)
Fig.4

K 4

23 HEELENW
231 W AR

22— AN EAE £ BIK, 1 2 RO 2 A FRAH R K I N G, 018 R A CAM U7 82 Hash 5, 3L B
FE3 25 O(L). b J5 (3 AF AL 56 I 5 B A8 S BE R FIHE 7 — X P & 3h. LRU_L YK 13 &5 46 A
LEAST_L BAKAE LEAST_L 25 $fie /M B0 485 06 B A% 8l A B RO R B AR LTS B2 O O(1),
T SOBY 0 25 8 5 o 44 gt B2 2% I 1) B2 24 8 O(log(L2)),L2 i LEAST L MK Ak LLR Sk Ab 3 — A3
P (I i) 52 2% 55 2 O(log(L2)).
232 ZFMEIRE

WL 2.2 T BT ERATT A, R LRU_L KJE LISUPT(PT A KU 5 G B ) 1K LR B 3 4 () 184
T 1 2 DU AR s TR (UPT) XA S RN B R R B O 280 T 0T LRU_L 28 (R 2 2% 5 2
O(L/PT). [ B I 56 2.2 T 2 M 0, Wi R LRU_L &40 7 (plru)% iy R &6 %, 84 LEAST_L K L2 ]
KT (1-plrude)x (UPT)RI AT, Ak LEAST_L i fg 2 im bt LRU_L & T — MR % T2 AL B X% (1 Hash
Fe A RN R L S B (B ) R FE) 2 R — N R 4, 23 R B2 2% FE IR AE 2 O(L/PT) I A LLR Sy i) 4 2
&2 O(L/PT),PT iy it 4 5 B AH.
233 Vil A AR

B T A fifs 25 1], S50 2 7 R 08 1 2 A BT I 4% MR 1 ) — AN LR R R O N b B — AN R B
BT ) 7785 1 O U B B HE R LT ST S 0 ) A e v B L e R,y T A T A, B AT DA 2 B 2R R
FIG U 0] B R Ui A 28 LR 1 R EEAEA TG O R AR 1 N EOR 8 U5 A7 8 N A B4 7 e 3
1) 4 B RR R AN R A I TGS A5 T U5 A7 B 35 A5 4 i AN RIS RR 8 1R U5 A2 B R LRU_L YK X 5
T AN LEAST_L, Uik ZEVR IR S5 /N O 5%, 75 BEAE Z SR B BAT PRI I8 A7 B4 IR R O 4 5 o8 B 2%
Z I 8+2xlog(L2) kA 25 Uy ), L2 /& LEAST_L MK ZEREHLIE L T LEAST_L X PP E KL R
log(L2); M 155 0 1, = SO IS AR oy B S P 3 B F K B (L2)/2, 3 KB $R K B L2, T4 N LEAST_L it
TG K NI BEALIR, T LABSEAR Ay B SR (155 o A 1R AT e AT JLA, 2 4R B2 0] LB A log(L2). BAK it /i)
ZBE PT=0.001 441 i LRU_L B B2 B E AL O/ B 90% 1 R UL 1 0 5, JUIAR 44 11 11 7 23 #r,L2>100 EP ],
JIT DASE V1) B 2 24 R 07 ) 22 IRAE Ak 3%, — X SRAM 5 i ] [ 5 /b 2 2 5ns ) 71 2.5Gbps(OC-48) k4 £%
IRBE T BT B4 K B2 2 1 000bit, I 47 far R 24 T K £ 45 400ns 10E — A3l 40, D S S 4 BE R S
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A LA AL 2.5Ghps P45 2k i (170 Ze Wl 5 75 5K AR5 3 75 rh BT DR A i AREE S B A I LR S50 1) dab PR S

45 W 3K I, PSH(packet sample and hold) 5y 31 B B — ik A5 #8537, 17 47 YR 3 /b ;Multi-Stage Filter
S PN 7 1) logao(n) K Hash 2R 1 YT Bt 532, Ay S0 B i) BBt phy 8 0 552 10 i 5, B 25 g ¢ i 1)
DR 38 0, S ORAIE S M AAG 1 ol S 10 A7 Ak 2 () R U A7 IR B AR S BI% LEAST_L — SUMHERAEIS LLR $ik 1
A IRBUR 2 AB TG 20 B s B0 AR A T 1, S ME— 52 i P 32 LEAST_L MUK EE.3R 2 2 LLR SETS Rl 77 fiff %
YHORT PSH ALK Multi-Stage Filter 032 (1) LL#%.

Table 1 Times of accessing memory of LLR
1 LLR S0 Al I8

. . 1. Modify flow entry F1.(3)
tﬁgi:gr\]/v Iffkt)c: IfFLis located in LRU_L 2. Modify the pointer of the first one in LRU_L.(1) 5
entry entry 1. Delete F1 from LEAST_L.(log(L2))
- ; . . 2. Modify flow entry F1.(2)
F1
Wtf;]lgh fourllfj If F1 is located in LEAST_L 3. Discard the last one of LRU_L F2.(1) 2xlog(L2)+6
packet 4. Insert F2 into the LEAST_L.(log(L2)+2)
beilopgs If no 1. Crea?e a new'flow entry.(1) 1fE2 > = Téié?zlirl(tlzg(u)ﬂ)
t(\)/vI: Z:ﬁ\rlv 2. t/lgglf{t(qe; firt one of LEAST_LH 2. Delete the minimum flow entry 2xlog(L2)+8
: iy RU_L of LEAST_L.(log(L2)+2)
lists. is 3. Discard the last one of TE2 <
(1) found LRU_L F2.(1) T 1. Discard F2.(1) 5

Table 2 Times of accessing memory of different algorithms
F 2 ARIEEYT MAE R R

Algorithm LLR Multi-Stage filters PSH
Min memory accesses 5 logio(n) 1
Max memory accesses 8+2xlog(L2) 1+logio(n) 1

2.4 REFEXNEZRIZNT
AT 45 2.2 1 LR BB 0T T LLR SIESIRR AU VE 2 [0 (0 0G 3R, 45 T Bl 212 A L 1R AR 1 4
R TR KU 0 G R (10 b B ) 296 3 1) 2 A O Al 58 A BB IKD, 3K AT BE 200 530 AR BUOR R L T TR W
P9 244 e B 14 9 A LA /D G R 0 o S 4 U () 28 T R A O R 9 R L T 3 M 4 A S T
XS JUHE TR RS R 5 ez RS U A P T A B et Gerh LR SR R K B 0 S AT 5 5,
T [ 52 A7t 225 18] 1, BE W 3% 21 5 i 0 AE A M, 008 3

= 1.0 3 AR [7] AR 1 1 75 22 5 2> PR £ 5 ).
s AT NLANR 15 1 P 0 (00 1 2 3
5 08 (1953 A RRAE AT S5 90 43 HT,— 412 Auckland K% b
2 el [z ocee Al H1 11 OC-3c 22 A1 1 7 Auckland-1V, {1
g | (9 2001 4 2 J 21 H A R8s 4, 53 — 414t OC-48¢
S 04- i IPLS-CLEV [y % i i Abilene- 1, {8 F i 22
§ o] 2002 4 8 f1 14 [ 10:00 ) 10 4) i it Kodin 4.
§ ] ARS8 IS B B 20 SRR 20 3 199 2% Bl £, oK
ool AT FILE 1 1P ik} SOM %, JUA s SR 0 5 1 L
0 1000 2000 3000 4000 ~ 5000 B A, A SCAN T3 A 23t AT A 0 B 4% A/ 2K

Object id in increasing order by packet count
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Table 3 The accuracy of different algorithms

F3 HIEAEFTER L

Category >0.1% 0.1%~0.01% 0.01%-~0.001%
ARER (%) | FN (%) | ARER (%) | FN (%) | ARER (%) | FN (%)
LLR (2000,2000) 0.0016 0 0.0192 0 5.877 3.551
LLR (3800,200) 0.012 0 0.56 0 62.45 40.56
LRU 11.78 441 23.53 10.47 70.81 4431
LEAST 3.7 3.68 6.47 6.39 31.8 31.75
PSH 4.75 0 21.2 0.2 58.31 22.92
Multi-Stage filters 0.089 0 2.36 0 79.38 46.58
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