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Abstract:

tween contexts in the MQ-encoder has been extracted; and an improved mechanism has been proposed to acquire indexes by separat-

MQ-encoder is a key bottleneck in the JPEG2000 image compression system. In this paper, the dependence be-

ing the "start-up” states and remaining states. Besides, a prediction method has been proposed to resolve the stall problem when the
current context is the same as the previous context. Also the probabilities of MPS and LPS coding events in the renormalization pro-
cedure have been analyzed; and either of the MPS and LPS coding events has been optimized. Based on this improved arithmetic, a
VLSI architecture for Two-context MQ-encoder is proposed. Synthesis result shows that the processing speed of the MQ-encoder
could reach as high as 286.80MHz with a throughput of 573.60Msymbols/sec . Compared with the ”Brute force with modified byte-
out” architecture, the throughput obtained in this work has been improved by 35% and the area has been reduced by 78 % .
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{2548 A SCHE TSMC 0. 18pm CMOS ARM 723 7] HD A5 ifE
FAITEE 5T, {8 H Synopsys /A Fl [ Design-Compiler
THIER T PERETHAL . 45 5 R I SCIR 1 1 MQ 4w 2%
TAEHA Jy 286.80MHz, 7 %4 573.60 Msymbols/sec,
F . Brute Force with Modified Byteout ZERy, Ak IR T
29 35% , H.I AR/ 78 % .

2 MQ ZESESHEiA

2.1 MQ 4R mAE %A

MQ 45348 IR A A9 1= F3C CX ARSI (Deci
sion, D) JIr 25 1 1) 7 471 e S35 1l B A s 46 19 B4 9 ( Com-
pressed Data, CD) , {155 1 FR5-71

k1 MQH&REX

1:initial: A = 0 x 8000, C =0, CT =12 // MQ 4% %5 41]
ik

2:Qe=Qe(1(CX)), A=A~ Qe

3:if D=MPS(CX) // RAEFRGIGIREE

4: if A=0x8000,C=C+ Qe

5: elseif A< Qe, A= Qe

6: else C=C+ Qe

7: ICCX)NMPS(I(CX)) /BB GHA

8: DO/ EH—k

9: A=2A4,C=2C,CT=CT-1

10: if CT =0, ByteOut// J8 ] byteout, % H % i

11: while 4 <0 x 8000
12:else if A< Qe,C=C+ Qe
13: else A= Qe

14: MPS(CX) = MPS( CX) @SWITCH(I( CX)) // Z&3cH%
15:  1(CX)=NLPS(I(CX)) //HHxR51MH

16: DO, //EIH—fk

17: A=24,C=2C,CT=CT-1

18: if CT =0, ByteOut// ¥ byteout i i i i

19:  while A <0 x 8000
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2.2 WBHLAMIADTRIAFHERHAR

MOQ i i) o BEE 7F: FEL g A 1o o 22 iy K LA 4 T, 32 32
WPE A -7 A A B LT SCE AT — A B SO A,
MQ it #7558 BCH FT_E R ST St e, A REAL BER
— AR ERSC E EHR E ARK LR, MR 51 R AE
TR I BB {68 5 2 AP CXOAS RER I A
5 IR 2T MQ G A7 E 2 9 BN 2 2R 241
A, T MQ i it A I S B AR TS

DT B MOQ S Tl 1 45 A4 A ik A B STk
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(1) FEBLRERS HF- AT AL BEZ A R 3 MQ Zi i 4

WNSCHR(8 ~ 12]. SCHR[8 ] 4~ 2- 5 B BB AL AR I
SERL, RS RCR B CRR[9 2 R A eI =, S5
YA T AR . SCHR[10 )6 F 1 K& Y FIFO, LAXS
R SCHEATHE BN, DT $E AL IE Az AL AL BE A R S
L, S BOR R EAR, FLT AR K. STk 11 ] 24~ %47
A AR AT B M E 0 — 1k, 5 80 k2 AR, STk
[12J48 H T —FP AL Y byte-out Z544 , {H Z X412 MQ
S T 255 11 8 TR 500 P ARE 23 A (SR S 8 43 0 0 — A6 B
S IEEAE AT

(2) 32 =5 B AT MQ Zm A% 25 (1 R, W SCik (3,13 ~
16 . SCHR[ 13 19 2 XAk Ak 1101 SR e 350 4 A 82 9 — 1k
WA UEAT AL . H R T e A B S ST
AN D, T EOE B8 IR B R Sk [ 14145 SCik
(15 IVEE A I, B A 1 3800 33 SRR A 28 — i K P 58
B, RS ME R MERAR AR 27 A7 48 A
H—1k, FEOHE AR IR F UK. Sk (16 1P T AR
B AR 5 — AN 0 28bit ALU 52 3, RV e/
T LR TR (R AT K T S B B AR 9 AR . SCRik [ 3]
Y SR Y R SCAH SR 2 G S 6 A5 {5
IRER SR 2R 5 A Y B8 58 0, BEAIR T 4 B 2 19 A ik
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3.1 ETXXFRRER

EX A I CX,, KR ex, MR5ME
T AR CX,_ Fl index,_,, 2 KM 5| {H L 2 48
A R R R B, = (CX,_, = CX,)+ f(in-
dex;_ ), HAEREL f TR RGBT

HHE LA CX = CX,_ 1, A B = f(index,_,), T
MQ it #s HREEAT R AT i . 45 CX, % CX,_,, B =
0,80 CX,_  TE IS 52 2 5, HR S & 7 88 5 xt
CX,, Rt FETCC , BUR AT R4 T2R A% 2 4~ B F SO &R
SIME. HIL, & X CX, F CX, - Z [8] 19 56 R AT B, 4R
Je X AHSE G BLHEATORAE AT MQ SRS 28 26 A 5] i 155
BT #RRE ST AT S

HER 1 PRy ECE AT, CX, = CX, o IR 2
46.3% .5 T HATAE LIS AL AR SCER LT A~ |
T3C(CX,  CXyyy CX, 5 CX, D ZIRIIE R B 4G, A
SCREIN M /T R SC X, feX,, 2RI R, R G
B, DAY BT RR AL BEAY 2 A R SC2 AR A A B
HWR KW 2 Fi AT — A R SCS R — KA R S0
FF LI AT — K 1R SO R 5 A K i 2 75 52
METRTHER TR, ORI 2 x 22 Fh % 7 IE T AN
oAb il 29 47 A Ab B 45 7™ 25 ) 0, AH EE STk [9, 101,
FEARIT MQ Jifihs i B R
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#1 FTXZAEMEREEME LPS(MPS(index; _,))
. I;T CX 5 CX CX, = CX;_, _ {fndexkq,ISslnde'xk_]sZO,lndexk_] =46 5)
SCRB | % JAOBUR MRS | % S B MR index, | — 1,21 <index, ;<45
Lena | 512x512 | 1831388 | 1066263(58.2% )| 764869(41.8% ) LPS(LPS(index; ;)
index;,_; — 1,index, _; = 15
pentagon | 1024 x 1024| 8414691 |4541745(54.0% ) | 3871922(46.0% ) index, | — 2. 16<index,, <20
airport 1024 x 1024| 8500955 |4488418(52.8% )|4011513(47.2% ) =<index,_; — 3,2l <index,_; <22 (6)
bike | 512x640 | 2666095 |1419730(53.3% )| 1246039(46.7% ) index;, | - 4,23 <index; ;<45
bridge | 1024 x 1024| 9158161 |4602823(50.3% )|4554314(49.7% ) 46, index,, ., = 46
T X .3% 1% 5 N N
# SCik[ 9] [14]FI[ 16 1R X R IMER S KB XK H
P | - - - - | 6114258 |3223796(53.7% )| 2889731(46.3% ) SIS MEAE S A AT 8, R s A b B 2T TG
FUEE 500 A5 L4 i R 5 MER i R B P &5 24
3.2 FR3IRHMHK B, HEAD 0 X h a8 KRENEARZFEHRE

MRS 1AL A CX, = Xy, U] index, HU(E AT
AEN :MPS(index, ;) .LPS(index;_,).index,_,;#r CX,.,
=CX, = CX,_,, il indexkﬂﬁl{ﬁﬂﬁﬁyﬂ: index,,_; , MPS
(index, _; ), LPS (index, _, ), MPS ( MPS (index, _,)), MPS
(LPS (index; _,)), LPS(LPS (index, _,)) Fll LPS(MPS (in-
dex;_ 1)) . #2085 LA _EIH 408 pREL £ (index,, _, ) , A 35K
o index;, 5 index , ;.

MQ Fifh g RS F L Kb IRZ index = 0 FPIRE in-
dex =13 M A hidf o, WA R 2%, HBCAH ML, A SO &
FRF LM index = 14 F| index = 46 NIAERF & H 4y, H
W MPS GG R G ME index #34 . LPS 512 R 5 {H in-
dex BB, (EUETE LPS BER 2 1/4 b (index = 21) , 34 U
SRl 128 2 R AR RS T, A 30K index, 5
index;, , SRRV R 0 H 2250, Fo index = 14 I, LPS
BA G IERARSRTARA, PRI A SO HAHRRR .

MPS(index, ;)

index;_; + 1,15<index, _, <44
- {indexk_l,indexk_l — 45,46 )
LPS(index; _;)
index; _; — 1,15<index; _; <20
= {indexk_l -2,21 <index; _ <45 (2)
index; _;,index; _, =46

MPS(MPS(index, _;))
index, _; +2,15<index; _; <43

= {45,indexk1 =44 (3)
46,index; _, =45,46

MPS(LPS(index;_,))
index; _;,15<index,_; <19,index;_, =46

= {indexk_l -1,20<index; _, <44 (4)
43, index; _; =45
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3.3 ZIERMBRL

A7 bR 3 index;, _ Hifid 5 R 5 ME & AR THT, A SC
INAREGMERFERECH 0547 b F 3C index, A% )5 R
SHEARHE, WA R MER KRR AR 1. 4] 15 . 45
CXy 1 = CX; = CX, -, IR G HMEAR SRR BT iE N 0.1.2.
W, B 3.2 AN, CX,, RS IMEA 7 R RE. N T
AT EG S 15 3 B b R B R A R RF R R , AR SOR
T 53010 AR S iR R 1R S2 6], gt 245 R an
1.
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Bl R5MERFHER

BT AR, R G E AR R R BOIE T R 2
36.94% . NI, 5 BE B AT HH 28 5 (ELAS) DR 08, U
AT A A B B M AT A T R R 5 1EL P H IR A I R 5
151

H MQ AR HERIE WA, 45 CX, = CX,_y, W3l 23 5
(7)1 o7, RT3t IE B 9 2R 5 EL index,,.
Aj—2 = Qe =0x8000 (7)
AL, U8 A, — Qe, =0x8000, 1[5 | F 3C
CX, Mt 25 7 2R 51ME index, FHEH. #L CX, &
SUE SRR AH T AN THES A _ - Qe = (A,
- Qep_1) = Qep_y = Ay 5 —2Qe, . B, AT (8),
BE B3 Cx, M gRiS R A5 TR 5 E index, HH
.
Ay_»—2Qe; 1 =0x8000 (8)
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%L,% CXk+1 = CX;; = CX};-f]vztijC%%Hj T%glﬁ
7 AL 2 Bk

Bik2 H5EWMMAZE
(A, = 2Qe;_, =0x8000) ,index, , | = index, _,
Else if ((A,_, — Qe,_; = 0x8000) & (A,_, — 2Qe;_,
< 0x8000)),
index, , ; = (index, _;)'

Else index, , | = (inolexk_,)2

=R (indexk,l)] TR MPS(index, _;), LPS(in-
dex; _,); (index, _, )2 FE R MPS ( MPS ( index, _; )), MPS
(LPS (index; _;)), LPS(LPS (index, _,)) # LPS(MPS (in-
dex;_ 1)) . AR 4 24 Hi T A0 19 2 A5 BR 5%, BIATBE M (in-
dex;,_ )" H1 (index, _;)* IF 8 ME. 45 0 7 %, B X
CX, A WRTHERT S X, MEIH—L I35 A H ST
Mk[3.8,9,10], AT/ MQ 4525 AT . [RlHsf, B ff
TSR R SCRISE , MQ gt A2 H BAEE
3.4 EA—ik
AR 1 AT, MQ 4 35035538 23 do-while” PR £HOR
SERCE I — Ak, kAR BRI T K (9) 5 (10) i 1
BEER A, BT E N (leading zero, 17) .
MPS: A’y = Ay - Qe, €', = Cp_y + Qe (9)
IPS: A", =Qe,C',=C,_, (10)
FREHE AL 1 2 PET v] 1, max( Qe) = 045601,
N A=0x8000, % min(A - Qe) = 0529 FF, BI7E/A 3 (10)
BHATHEDL T, BT 2 F AL max(LZ) = 2. 1M index €
[43,44,45 ], Qe <0x0009 H. min( Qe) = 020001, HJ} max
(LZ') = 15. FIAEAT A () B, X S /i b F ST il
AN—RE SR AN 0. FE AT A K (10) B 1
BAAFENGE A — K EIF— (LRI AT {800 0 AT RE, B
Al REA L 1 AN HE 2 N ESERSH CD.
wmE 2 s, 23X (10) B AT 19 T 48 R 5
25.1% . PR, AR SOy ) B A X (10) A=t (9) 3R 4%
R A WETSENLZ, R LZ X E RS CX,
100% = ROPITHEE = RA0O)PATHEF
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B2 ROMR10)PATHER

— A2 R T T A DA R S CX L R TR
H—A i 3447 F LR X e, s IH—Ak. [ A, Al
HEARBE SN, EIH b B AR — ks
RP] 5 A%, [R) SCHk [ 14 1A B, AR T2 R GEAR. A, 48 SC
W27 7% C /i 28bit 78 K 43bit, §I FFE AN EAK T 12
Nt R T e N O O S IV s G s 0 D Ol s TR N
SO EIA— R EIEIEAT T4k, W5k 3 Fis.

Bix3 BER—HEZE
MBI A<-0x8000, C<—0
If (D, =MPS[ CX,])
Ay = (A2 = Q)< LZy, G = (Cp_y + Qo)< LZ,
H(Dk+1=MPS[CXk+1D
A= <(Ak—1 - Qek)<<LZ] - Qek+1)<<LZZ’
Cri1=((Cooy + Qep)< LZ + Qe )< L2,y
Else
Ap1= 01, Gy = G
Else
Ay = Qe G = G
If (D,,,=MPS[ CX,,,])
Api1= Qo< L2 - Qey )< LZ' 5,
Cri1=(Croy + Qo)< L2y
Else
A= Qe Gy = G

KA IR 5k F EE SRR 11 ], 78— i Aol
JAIIZ AT AT S8 B 2 A b SCE A — AR A
T LB N AT AR I R RCRAET
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4.1 MZimKkEE

FETU LA G BB 2, ARS8t T —Fh a9
IKIZ E R SCHEAT MQ gt g, tniE 3 fis .

B TE R T SO R AR, RS SRR, W]
RERTME L AT RE MR AG THE R A% . o | U R 2
HURRAE 3.1 7R AT RE R T ME A HRAR I 3.2 4 ih
BB EE B T RRKCR I 3.3 A R R IE AR Y in-
dexk 5 indexkﬂﬂl Qek 5 Qek+1;ﬁi% 3.4 %%EE'L'H E/‘J%
2, X TR A FRA,, AT E IH Ak 2R =K R
3.4 W SR FAAA € C L EIH—1E. 5
KK i, TR E AR kg B
P Z o B A0 iz BT, B IZ BRI R ]
AR TR S IR H fE



922 M + i 2013 4E

g

] ]
] ]
»—D Q | i
(CX,.D) i _ 1, _u - _
‘FD - EFx | B | wema % 3 | i
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| > | H|c 1
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| =3 ®SIEK ) fE2IE i 4 i
WEfakm = : — |t
T ! "L
T f — index, — i — i —
Bk Ry | m=govk | BNGRA
] ]
E3 MQZiZ2EVLSI# 45
4.2 F—RimKBIREN (€X)) SWITCH(I( CX))F1 LZ( Qe ), Hr LZ(Qe) 2l Qe

WA 4 R, A SCR I S AN HLEER AT 2 A4S DFF 3280 IIRTSZAN 0 BT Qe S DL LR 2N 1760, PR AR SCKE
ERSCZEBRER, AT (DB Gk P al 6t LR OLAF I SWITCH(1( CX)). R 5 1E 5 38 4 18
BIZBIME ; Q) ZAAEEEE K L IEF RS IME.  RAMGIEA 19 x 6) 528, HIh B [ F 1(CX) % HL %
[, AR 4 3.2 7 $2 A9 5 2, B s SRR A AL STE T (D T 2 R SOMT RS IHE R
ROMOHUEE A 15 x 36) SEELA R R A Al LB AR M A HER AR AR , (15 s BEIR/N T 30HR 8,915 (2) )3
Syiad 3.2 FrHR I A PR B I MESRA TR AR A ShASTIEHER A B RS AR A T SO E A i R
FH ROM (BILAR Ky 47 x 20) SR, FoSh BE N eR % Qe (1 SE3 53X AH L STHRL9, 14 19/ T Fl B R AR AL K ZEIR .

CXyy M o |
DFF
»| DFF

cx,
~@4— W W Mo

\L
G w4
—>
L indexk ~
. 1 QOe, .
—SLS (.mdexk) o = (Qe,‘)l >
mdex,m d 'ﬁ!‘lﬁ' thl » DFF
: (index,.) o [0 4
| ROM (Oe,..)
(index,,,)’ T '_> :
.
R |fERAM D,
MPS(CX,)
index D,,,
MPS(CX, )
B4 F—RAKEBRLEH
4.3 FE_RimKBIREN T YT R SCA R E AR A, AR SCER M T — 4y

B 3.3 RS L AT MRS EEAT I RS S50, AL S B,
Bf— 5 AR A 0 B R SCROTTH S5 2R A F Qe hy
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[ e ] | CX,, mH— |
l(l Qekl
HE || [ | ! =
index,,, > |
| I EA@ g (index,, )t ———*]
"4 ; (index,,,)? DFF
Qe = DFF |
[ | (©e,.)
_ | — — | (Qe,.) ﬂ |

indexk — DFF
(index,)! >

|
|
|
0., |
I
|
|

BT

—\AB

[T
% oe, |
[ —=— |
J 1
|_ Y cxmnt | |

Bs5 HEoHAHKHEBEEH

ST

(DA CX, = CX,_ UK A FR Qe SPHLSS TR
3CCX, W R BTEAE CX, 5 = CX,_ 1, CX, o M5
gk FH X Cx, LW, & CX, = CX,_, H CX, =
CXk_l,)rllJ)I% Ak_zﬂ] Qe;, 2] \@E J:ch CXA

)4 CXjo1 = CX, = CXk—l’m\lJ’H‘ A M Qek-lﬁ’
[ o S .

HAEOIILL ET7 ik B FC Cx, feX,, 5
B — Wi S i R 3C CX, M CX,_ TTATATEC &
DUPAR A 56 — g /K b AR B ) 8 A LR AT R 5 1 E A
AGTHE LI 15 2 E 6 M ABRRAT T HEZ G, K 3.
475 3.5 WERI M E 0 L SR AT AEAS A
A — b

AT MQ bt a5 1Y OCHRE PR AR A RN Qe
@‘5?@ Apor . S53CHRI8 - 11,14, 1514 I, ZISiE’Ja‘é%E%

B FRUER L BT S AN A AR R AR

i %ﬁm%ﬁ%ﬁ?ﬁmﬁﬁﬁ&ﬁ%%ﬁ?%ﬁ.E*Etl:
SCHR[10], Jo 7 HEBA , 8508 5 5 . AH b Sk (8, 11], F I
— AT

5 KWERS

A VerilogHDL X $2 Hi (9 MQ Zii L #5F H 2 25
FHEAT T A3, I B H A A £ 3R M 9 58 R 2 1) 25 245
FEAT T PEREXT HE, W3 2 K.

%2 SIRATIX E&MRERTEL
it

s/sec)
k[ 15] 1 153 153 0.90 | 279
k[ 14] 1 145.9 | 145.9 | 0.85 824
SCHk[16] 1 | 50.05 | 57.05 | 0.34 761
SCHk[9] 2 | 48.30 | 96.60 | 0.57 | 12649

Brute force with
modified byteout“oJ
Bruteforce! ') 2 36.90 | 73.80 0.43 2265

2 48.85 | 97.70 0.57 1596

3CXD hypothesis' ') 3 | 45.53 | 60.78 | 0.36 1259

3CXD hypothesis
[10]

3 49.50 | 71.48 0.42 1744

with queue
k[ 12] 2 58.56 | 117.12 | 0.69 1488
SCHRL7] 2 | 50.10 | 100.2 | 0.59 1596
AL 2 | 85.40 | 170.80 1 1554

SCHR[ 14,15 145 BT A7 B2 2% B8 S0 4L T e 28 — iRt
AKH L HIZ T MQ b i TAESR SO HeSciik [ 141,
ARSI T 15% A4 M HESCHR 15 ], AR SC ik
HIEE T 10% . SCER[ 1038 th Z MR b B 24 B F
SCH MQ G, HJ2 BT HOR T & 24 0 B0 454
HAIAT BRI BLG X R SCat A7 HEBA , fof 75 5 1 B 4
K, HAR K. A B SOk (10 ] 75 ik & 5% &5 1 Brute
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force with modified byteout £ #4) , A SCH) & bk fE $2 /1 1
43% , GEIFALE HIAEms /N T 3CHR[10] . SCHR[9 Ty R 5 HELK
ittt AT T K= W AR I8 BT, TR B R Al R
B AR SCHRL9], AR SO R S 4R 3 T 43% , BE R ]
FAUN I 129% . SCHR[12 ] 1 FIFRIEAL MQ Zi 45 ¥
IR L, PR G A e D AR SO 69%

A CAE TSMC 0.18pm CMOS ARM 73 7] HD F 7 .
JCEERY 254 T, 18 Synopsys 23 Al BY Design-Compile T
HLSE TR MQ Jii i1 4% 19 PEREPEAL . 40 3 i, SCik
(B3] TIIA THAMY R K, BRI MQ g b5 85 19 1
RETRSTHEA T LA , DRI A ki Sy A S 729% . 48 3
BR[3 ] ARSI 5 A SC (H 2 th T HAEAb P 22 R
SCRR TR A1 I, Ut 7K 2 45 , DR OHG 32 SRR ) A ok
WAR T A S AH FESCHR [10 ] Dyer 42 H Y9 Brute force with
modifid byteout £ 18] , A SCHY Ak i 42 T+ 29 35% , H. T AR
WS 8% .

&3 TSMC 0.18um TEfAERT L

Throu, .
., Symbol| I §i4 | mnba | R
H 4 hput(Msym U
/Clk |%&(MHz) A1t | FFR])
bols/sec)
SCHik[13] 1 413 413 0.72 | 88K
Two Symbol™! 2 | 220.10 | 440.20 | 0.77 | 24955
SCHR[17] 1 110 110 0.19 | 9.8K
SCHik[3] 1 578 520 0.91 | 7.8K
Brute force with
i b o) 2 | 211.86 | 423.72 | 0.74 | 29608
modifid byteout
Bruteforce! ¥’ 2 | 194.17 | 388.34 | 0.50 | 29877
3CXD hypothesis!™™ | 3 | 201.61 | 268.14 | 0.48 | 19257
3CXD hypothesis
. o) 3 | 205.34 | 301.85 | 0.53 | 20862
with queue
A3 2 | 286.80 | 573.60 1 16614
6 it

ARSCHE N —Fh 2 EF SORAT A IR MQ S i £
VLSI 548, H A AE T (D)X B R SCZ E A6 &
HEAT T SRR, [A] X AN 6] 5C R TR BT SO TR] AR
HEAT T 0005 () Uil T &R 51 3R, 4 Hodh i1 8 g SRR
BISIE (B)FE M 1 —Fh I R SIE 1) J5 v, 15 A
SCHE S b T SO [R] It AN S 15 /K 45 (4) X B
H— Az 5 e B M5 SRR R A AT
B AR AT R IR AT A BRI AN B AL £ A A R R,
AT B MQ 2 4% BB LA 7E 286. 80MHz, 47t ¢
A 573.60 Msymbols/sec, fH E Brute Force with Modified
Byteout Z5 44 , 4% 3C ) A k& 38 T+ 44 35% , H. T AL sk /)
78% .
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