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010 oOo

1-1 04

00000000000 0000000D00000000O000000DO0O0od
0000000000000 000000000000000000000000
0000000000000 JPEG(Joint Photographic Experts Group) U 0 0 0O
0000000000000 000O00000000O00DO00OOoDooOooDon
0000000000 0O0O0oooUooooo]

1-20000

000000JPEGOOOODO (COmpression / DECompression) 0000000
00000000 oooOoJpEGODOOODOODOOODOOOODOOOODOOOO
000000000000 0000000 VEDL(VHSICHDL)ODOOOOOOOO
HDL(OOOOOOOOOO : Hardware Description Language) 000000 00O
0000000000458

1-300un

OOooboooooboobboobboobobooboboooo 200JPEGOOODOO
000000030 000000000000JPEGUOOUDO (DODDOOODOO
00 0000DCT(Discrete Cosine Transform) 00 0 0)00000000 400
ooooboo veEDbLOODOO0O0obooboobuoobboobobosuboon
OoOooo0obOOoooooobooboooobooooboooboobo veEDLOODOC
00000000000 []



020 JPEGOOO

-1 goooooboboon

00000000 (0O000)0000000000000000000000
000000000000000000000000000000000000
(pixe) 000000000000 2048000000000 15360000000
0000000000000000D0 2048x 1536pixel(2048x 1536 0 3.14Mpixel)
000314000000000000 1hit000000000003.14Mbit(3.14+
80 0.39MB)0000000000000000000000000000000O
00000000000000000000000000000 RGBOOOO 24
000000000000000O0RGBOO Red(D)0 Green(O )0 Blue(D ) 0 O
0000000000000000000000000000000000000
000000 RGBOOOOO 128000 (25600)0000000000256(0)
x 256(0)x 256(0)0 2240 16772160 (24000000)000000000
0000000000000000000000000000002048x% 1536 %
(24+ 8)0 943MBO000O0O0O000O00000016MBOOOOOONOOO0O
1000000000000000000000000000000000000
000 [1][2)[3]

2-2 JPEG(000OD0)

0000000000000 00 JPEGOOOOJPEGOO ” Joint Photographic
Experts Group” 0 U 0 O O O ISO(International Organization for Standardization)
0 CCITT(Consultative Committee for International Telegraph and Telephone) O
0o0o0ooodooooooooooooonooooooooonoooogn
000000000000 0000D00000000d ™ Digital compression and
coding of continuous-tone still images” OO0 00000000 OOOOOOOOO
0o0o0oooooooooiooonoooooooooooonooooogn
JPEGUOU0U0D0O00O0DO0O0DO0O0O0O00ODOOOOO0oooog JFIF(JPEG
File Interchange Format) 0 0000000 00O [1)[2]



2.3 JPEGUDOOO0OODOOODODOO

JPEGOO000000D00000000000000000000000000
0000000000000 00000000000000000000000
00JPEGOOOOOOOO0O00O0O0O0O00O0DO0000000000000
0000000000210000JPEGOOO0O0O00000000O000000
00012

JPEG
— DCTFHZ
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— LB AT A GRIRKERE)
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‘EiIfEE—F =l VERIITT 0Ly T
st —G Bt T B ERITERG B
— Spatial 7=
(I35
DPCM 7=

I— AT AT o MERE STHERE)
« NJTEMGE B 2~16Evk
‘EEE—F =l )V
s hat G5t NI F e b ERIIENE B
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2-3-1 DCT OO O Spatial O O

JPEGUOU0O0O0O00O0O0O0OOOOODOOoOobOoooooooooobooboDo
goodoododoooooooooooobobbobbbbobbbbn
OO000000D00OD00OD0Ob0OnD SpatialDODOODOOOOODOODO DCTODO
gobobooogn

OOoOoooooDbCTooooobobobooooooboooobboobooooog
OoobOoooobooooboJepEGUOODODODOOOODODODOOO
0000000 (0000)b0000oo0o00D0DoOoOooooooOooooooO
0000000000000 0 (D0O00)0D000000satiallD0O0OO0OOO
DPCM(Differential PCM) 000 000000000000 OOODCTOOOO
000000000000 00U000U0O0DU0O0UOO0 (boboo)oooooo

[1][2]

2- 3200000 bbobogooooon

JPEGOUOODO0O0OO0ODOOO0OO0ODOOObOOooooboboobboooooDo
gbogogbbobobobobboobooboobobboobobboobodn
gbobouogbogbbobboobbodobuooboooboooooboboon
OO00O00b00O00boOoobooboobooobDoOWebOODOooooooD O
gboboodgpooogobogobogobogobogogbooobogoggbd
gbooobboogoobobogobooboboobooboooboooboan
gboboubgobooboobboobbobbuogbobboboooboon
O00000O0OWebOOOOOOOOODOOOODOOOODOOODOOOOONZ

2-3-3uuuubnoogagd

000000000000000000000000000000000000
000000000000000000000000000000 Spatial 000
0000000000000000000000000000000000000
0ol



2-4 JPEGOO0OO0 (DCTOO)

DCTOUOOOOODOODOOODOOODLOUOD 222000000000DOJPEG
OOoOooooooobOobJPEGOOUODOODOODO DCTOOODOOODODO
OO0bO0ooboobobobooboboooboobooooooooooobCcTODOO DCT
00000000000 000000UooOoooooooon

DCTR—ZXDFF 5

> DCTERE > BFEE > aaiet P |

EHETF—4
RE®T—4 A A
EFiE IvrOoE—
F—TN FELT—TN

DCTR—ZADEEER

| H sabms > #ETFEE > 2ciens -
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2-4-1 DCTOOO DCTOODO

DCTOO (DOOOOOOO : Discrete Cosine Transform) 0 00000000
O00ooo0ooOoooooobDoOJPEGO DCTOOOOODOOO 8% 800
O00000000000000000 MCU(Minimum Coded Unit) 00O OO0
00000000000 0000000002000000 sy(y,z=0,1,---,70O
DCTOOOOO Sp(v,u=0,1,---,7)00000DCTOOOOODCTOOOO
O0o00o00ooooon]

DCTODO:
77
1 2z + Dur 2y + lorw
— ZO”OU ; y;o Syz COS 16 cos 16 (2-1)
DCTOOO:
77
1 2z + Dur 2y + 1lorw
Tz — u“oPvy 2-2
Sy 4;;005 cos 16 cos 16 ( )

OOooobCTOOO DCTOOOOO C,C,0u,v0000
Omov:{l/\/? for u,v =0

2—-3
1 otherwise ( )

gooo

DCTOOO00 S, 0000000000000640 (S~ S7)000000
2-30 JPEGOO00DCTOOOO0O00000000000000000S,00
00000000000000000000000000000000000 Sy
0000000000000000000000000000000000000
000000000000D000000000000008,0DCO000000
0000 (Se~Sr) 0 ACODOOOOO[2

127 127 127 127 127 127 127 12] 15 0 0 0 0 0 0 0
=123 -123 -123 -123 -123 -123 -123 -123 180 0 0 0 0 0 0 0
127 127 127 127 127 127 127 12] 0 0 0 0 0 0 0 0
=123 -123 -123 -123 -123 -123 -123 -123 212 0 0 0 0 0 0 0
127 127 127 127 127 127 127 12] 0 0 0 0 0 0 0 0
=123 -123 -123 -123 -123 -123 -123 -123 318 0 0 0 0 0 0 0
127 127 127 127 127 127 127 12] 0 0 0 0 0 0 0 0
=123 -123 -123 -123 -123 -123 -123 -123 906 0 0 0 0 0 0 0
200000 sy DCTOOOO S,

O2-3JPEGOUODOO DCTOOOO



2-4-200000u0u0non

DCTOOOOCOOOCOOOOODOONDOONDONONOONONOONONoOooon
000000000000000000000000000006400 DCTOO
S,.00000000000000000000000000200DCTOOO
00000000000 Quuv,u=0,1,---,7\ 0000000 200 DCTOODO
Squ(v,u=0,1,---,7)000000000000000000000000O0
0ooooof)
ooo:

S’U'LL
SGpu = round 2—-4
q (Qm> (2—-4)

gobo:
Ruw =St Q. (29
OO0OOroundD 0000000 OOOO0ODOODOOOOODOODCTOOO
gooooooubooboboougooooaobooobobobbobbobbn
0000000000000 0U0oOoooooOoon]

0< S — Busf < 2

(2-6)

000000000000000000000000000000000000
000000O00JPEGOOOOOOOOOODO0O0000000O0OJPEGOODO
Amex KOOOODOOOOO240000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000240000000000000
0000000000000000000000000000JPEGOOO000
0000000000000000000000000000000000000
0000000000000024000000000000000000000
00o0o00000o0f]

BHRBFERT v T4 X BHRARFLERT v T4 X
> >
16 11 10 16 24 40 51 61
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 62
22 37 56 68 109 103 77

24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 92 9 98 112 100 103 99 99 99 99 99 99 99 99 99

() JOO000O0O0OOOO0oo (b DOOODDOOOOOOO

BFERATFYTHA4X
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030 JepeGODUOOOOOOO

OOoboooJPpEGUOOOOODOOOOOOODOOOOOODCTOOOOOO
OOooooooooooooopCrooboooobobobooD 3-1o03-200
300uggn

-100gggoon

DCTOOOODODOOOOOYOOOoOoouvoooooobooobooooboo
gboboboooobbobooooboboooon

3-1-1ggouon

0000000000000 3-1000000000 (Quantization) J O ODCTO
000000 /0000000 600 RAM(Random Access Memory)O(DCT_k_RAM
k=1,2,---,6)000000000000000/0000000 600 RAM(QDCT_k_RAM
ck=1,2,---,6)000000000000000000O000O0O0OALU(Arithmetic
and Logic Unit : 0000000 0)0000ALUOOOO 3-1-4000DCTOO
OO0 RAMOODOO3-1-50000000000 RAMOOODO 3-1-6000000
0O000DOoo 9l

3-1-20000

gboboggboggbbogoobboboobboobboobbooboobg
00000000000 (fixed point number) 000000000000 DOOO
0000000000 (MSB : Most Significant Bit)) 000000 (000000
00’'’00000000)0o00-00000 (sign-magnitude representation) O
gbobouggbbooboooboobbouoobboobooboooboon
ooool



goo

goo

CLK

RESET

START_QUANTIZATION

SCALE

DCTZ.1,DCTZ.2

DCTZ.3,DCTZ.4

DCTZ.5,DCTZ_6

QDCTZ_1,QDCTZ2

QDCTZ_3,QDCTZ.4

QDCTZ_5,QDCTZ.6

START_DCTZ_IN

DONE_OUT_QDCTZ_K

DONE_QUANTIZATION

1000
gboboogoobbobooooobog
(0DOO0DOUoooUoooon)

1000
gboboogoobbobooooobog
(00O0D0’roo00oooooooon)
1000
ooboo’roobooooboboooboog
gbobouogooboboooobboagn
U000 (004000000 4000)
ogbroobOoobOobObOobobOobOoobOoon
13000

DCTOOOOUOOOUOOO (DO YODO)
13000

DCTOOOOUOOOUOOO (DO YODO)
13000

DCTOOOUOOOUODODOO (DO uvon)

13000

000000000 ooOoO0Oo (boyono)
13000

000000000 ooOoO0Oo (boyono)
13000

O000000o0o0oooooOo (oouvoo)
1000

OOooO0’roboboogogoobo bcronon
gboooogooooo

1000
OOooooooooooborooboboo
1000
gbboogoobbobbouooooboooan
oooogoo
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CLK
RESET >
START_QUANT | ZAT ION >
8
SCALE >
13
DCTZ_1 1; >
DCTZ_2 1; >
DCTZ_3 +!
13
DCTZ_4 +»
13
DCTZ_5 ]
13
DCTZ_6 ]
— (LK ——>»]
<— WP_DCTZ_1 —
<— WP_DCTZ_2 —
<— WP_DCTZ_6 —
— RP_DCTZ_1 —
— DCTZ_1_RAM |«€— RP_DCTZ_2 —
DCTZ_2_RAM :
: «— RP_DCTZ_6 —
DCTZ_6_RAM 6
< AD_DCTZ_1
6
< AD_DCTZ_2
6 H
< AD_DCTZ_6
13
< IN_DCTZ_1
13
< [N_DCTZ_2
13 :
<~ IN_DCTZ_6
OUT_DCTZ_1
OUT_DCTZ_2
OUT_DCTZ_6

Quantization

GDCTZ_ K  DCTZ K

DCTZ K

» START_DCTZ_IN

»- DONE_OUT_QDCTZ_K

> DONE_QUANTIZATION

— CLK —>»]
— WP_QDCTZ_1 —»
— WP_QDCTZ_2 —»

— WP_QDCTZ_6 —»

— RP_QDCTZ_1 —»
— RP_QDCTZ_2 —»

— RP_QDCTZ_6 —»

6
AD_QDCTZ_1 —+ >

6
AD_QDCTZ_2 —+ >

) 6
AD_QDCTZ_6 —+ >

13
IN_QDCTZ_1 =]

13
IN_QDCTZ_2 =)

) 13
IN_QDCTZ_6 —+ >

13'> aDCTZ_1
13'> aDCTZ_2
13'> aDcTZ_3
1§> aDCTZ_4
1§> aDCTZ_5
1§> aDCTZ_6

GDCTZ_1_RAM
GDCTZ_2_RAM

GDCTZ_6_RAM

—— CLK — >
—— START_ALU —>»1
— L_G_TABLE —5->
SCALE —5->
SIGN —3->
—— DCTZK E—)

13
<€+ QDCTZ_K

ALU

<— DONE_ALU

g3-1000ggobooood

10



3-1-3404gag

googuoobobbiodg 200000000000 boobobobboo
O0030000000000000D0000D000 INITOO II.LDCTZ_RAM_UP
0000000000000 0DCTOUOO DCTOOOO RAM(DCT_A_RAM
k=1,2,---,6)0000000000000K.VALUEOO KUPOOOOOODCT
0000000000000 0000000000000QDCTZ.OUTII_.VALUE
OO0 QDCTZ.OUTII.UPOOOO0OD0OO0OOOODOODOOOO0ODLOOOO0ODO
gbobobooogoobobooobbobooogbobbboooag

o INIT
O00000D0O00O0O0START QUANTIZATIONO'I'0dnDoOoOoooonoO
0000000000000 0UooO0 (Koo ooooooooooo

e MAKE_DCTZ_RAM
0000 I(000630000000000000)000000000600
DCTO OO0 RAMDCT A RAM : k=1,2,---,6)000000

e [F DCTZ_RAM
600 DCTOOUOO RAMDCTERAM : k=1,2,---,6)000000 8x80
OOoo0DCTOOODOOOOODOODO

e [I DCTZ_RAM_UP
0000 nO0oD10000600 DCTOOUOO RAMOOOOODOOODOO
0d

e K VALUE
O00D0K(Q1OOe6eOOOUOOOODDOOOOODOO)DoODOODOOOOOO

e I[I VALUE
oboooIlIgouooboooboood

e MAKE_ALU
START ALUO’’00000ALUOOCOOOOOCODOO0ODOODOOOALUO

0000000000 DONEALUD'1’ODOODOOODOOODODOODOOODOO
11



OO00ALUOODOOOODOOOO

e MAKE_ QDCTZK
0000000006000000000 RAM(QDCT_k.RAM :k=1,2,---,6)
00000000 KOOORAMOOODOOODINIOOOOOOOOOOOO0O

o [F_II
§x8O OO0 DCTHOUOOODOOODODUOODODODODLDObDOOoDOoo

o [T UP
0000000 100000000 KoObooooooooo RAMOODO
oboooobooboIinooog

o [F K
600 8x0 000000000 0O0O0O0OO0OOOODOODOODOOO0

e K UP
O000KOOO10O0ODOeOOOUODOOUODO RAMODOOOOOOO
O RAMODOO RAMOOOO

e QDCTZ_OUT_II_.VALUE
RAMOOOOOOOODDOOOOOOOOOOODOOOODOOOOOoOIIgo
goboooboooggn

e QDCTZ_OUT
6000000000 RAMOOOOOOOOIOODO0OO0O0ON0O0OO0ODO
0000000000000

o [F QDCTZ_OUT._II
gxgUbuouobbobuooggobuooobbbooooobod

e QDCTZ_OUT_II.UP
OO000loo01000dde000OOOOOOORAMOOODOOOOODOO
oogoIinoood

12



START_QUANTIZATION = others

INIT <€
START_QUANTIZATION = '1'l DONE_ALU = others
MAKE _
DCTZ_RAM »1 MAKE_ALU
% dDONE_ALU
=1
IF_ MAKE_
DCTZ_RAM QDCTZ_K
RS
+ Il = others
I1_DCTZ_
RAM_UP K_VALUE IF_I1
| 1< 11"
Il = others
I1_VALUE I1_UP IF_ K
| K< 110" |
+ K = others
QDCTZ_OUT_
K_UP | |_VALUE
QDCTZ_0UuT
IF_QDCTZ_
out_I1
1< A1 | |
+ Il = others
QDCTZ_0UT_
I1_UP
03200000000000

13




3-1-4 ALUO OO

DCTOOOUOOOU0DOOOODOOOUOOOUOOOOoooOlT

3-1-4-1 ALUO DO O

ALUOOO0O0O0O0ODO 330000ALUO0OD-O0DO0O000O0OO0O0OO
Oo0O00O0OoOOoOooOoMULOODOOOODOOD ADbDODOOOOODIVOOOOO
O0000000oO0ooOo0oooooooOoOoMULOADDODIVOOOOODOOO
10000000b00oooooo0oooOoooobobo ALUbOboooooooo
OOoooOooooooooMULODOOO 3-144000ADDOOODO 3-1-4-50
O,DIVO000 3-14-600000000017]

3-1-4-2 ALUODODOODO

ALUOO0O0ODOOODOCOO0ODOO0O0ODOoOObDboOoOoo

OO0 CLK 1000
gobobouoooobooooobo
(DOOO0O0DoooOooooon)

START_ALU : 1000
000010000000 ALuOd
gboboboooobboooobobon

L.C.TABLE : 8000
gobobooboooggoood

oooogoo
SCALE : 8000 (004000000 4000)
oobroobooobOobobOobobOoobooboobon
SIGN 2000

ALUOODOOOODCTOOOOO OODOODOODO 4100
obooobob -10o0obbooboonbbn

DCTZ_K 13000
DCTUOOODOOODOODOODO

14



OO0 QDCTZK : 13000
goboboogobbobogn
DONE_ALU : 1000
ALUOO0O0ODODOOO0ODOOOOO0OODOOOoboboOoo

1ooooon
CLK ————» CLK —>>]
START_ALU ——— —— START_MUL —>]
L_C_TABLE —§—> —— MUL_IN_A —§—> MUL
SCALE —§—> —— MUL_IN_B —§—>
SIGN —3—>
DCTZ_K —13—> 4—15— MUL_OUT
<—— DONE_MUL
apcTZ K 4—1‘3—
DONE_ALU €————
CLK — ]
—— START_ADD — >
ALU Ao iNA—]  ADD
—— ADD_IN_B —17—>
4—18— ADD_OUT
<€—— DONE_ADD
CLK >
—— START_DIV — >
—Dlv_|N_A—36—> DIV
— DIV_IN_B —15—>
<—1~3— DIV_ouT
<—— DONE_DIV

033ALUODOOOOO

15



3-1-4-3 ALUODODOODO

ALUDOOO0ODOO0OO0OD 3400000000000 00DOODOODOOO

o INIT
ALUOOCOODOOSTART ALUOVO0DOOODOOO0ODOOODODOOOOOO

o MAKE_STEPSIZE

0000000000000000000000000000000000000
0000000000000000000000000000000000000
ooooof]

e MAKE_MUL_SIGN
OOoOooooobooogsiGNOboobooooo

e MAKE_ADD DCTZ_K
MAKEMULSIGNOOOOODOO DCTOOOODOO

e MAKE_DIV_STEPSIZE
MAKEADD DCTZKOOOOOOO2000000000000O0DOO0COO
gbobobooooobboooobbboooon

e MAKE DIV_.OUT
ALUDOOO0O0ODOO0OO0ODOOOOObOOO0Doooo

START_ALU = others
P MAKE_
INIT < ADD_DCTZ K t'
DONE_ADD
START_ALU = "1’ DONE_ADD = ' 1’ = othors
. 4
MAKE_ MAKE_DIV_
STEPSIZE tl STEPSIZE 1—|
DONE_MUL DONE_DIV
DONE_MUL = ' 1’ - others | DONEDIV="T = others
. \ 4
MAKE_ MAKE_
MUL_SIGN DIV_OUT

034ALUODOOOOO
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3-1-4-4 MUL O O O

ALUOO0O00DOO0OO00s80oooooooboooooobogoooobo-0boooo
gbobogoboboooboaglbougbbouobbouooboboooboan
[7]

3-1-4-4-1 MULO OO OO

MULOOOOOOOO 3-s00obooboobbooboboboboooboon
god

OO0 CLK 1000
MULODOODOOOooDOobDOooo
(0DOOO0O0DooOoOoooooo)
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OOoOoooooboobobboooooboovHDLOOODOD cooooooooog
OOVHDLODOOUOODODO Xilinx O O WebPackISE 4.200 000 0 O O ModelSim
XEbHbeODOUODOODOOOOCODOOODOOOODO BCC Developer 1.1.160 000
0000 Borland C++ Compiler 5,500 0000

2) 00000000
2-1) L.C_.TABLESO OO

library IEEE;
use IEEE.STD_LOGIC_1164.all;

package L_C_TABLES is

subtype LUMINANCEQTABLE_WORD is std_logic_vector(? downto 0);

type LUMINENCEQTABLE_ARRAY is array(0O to 63) of LUMINANCEQTABLE_WORD;
subtype CHROMINANCEQTABLE_WORD is std_logic_vector(? downto 0);

type CHROMINANCEQTABLE_ARRAY is array(0 to 63) of CHROMINANCEQTABLE_WORD;

constant LUMINANCEQTABLE : LUMINENCEQTABLE_ARRAY :=
(

"00010000", "00001011", "00001010", "00010000", -- 0 1 2 3
"00011000", "00101000", "00110011", "00111101", -- 4 5 6

"00001100", "00001100", "00001110", "00010011", -- 8 9 10 11
"00011010", "00111010", "00111100", "00110111", -- 12 13 14 15
"00001110", "00001101", "00010000", "00011000", -- 16 17 18 19
"00101000", "00111001", "01000101", "00111000", -- 20 21 22 23
"00001110", "00010001", "00010110", "00011101", -- 24 25 26 27
"00110011", "01010111", "01010000", "00111110", -- 28 29 30 31
"00010010", "00010110", "00100101", "00111000", -- 32 33 34 35
"01000100", "01101101", "01100111", "01001101", -- 36 37 38 39
"00011000", "00100011", "00110111", "01000000", -- 40 41 42 43
"01010001", "01101000", "01110001", "01011100", -- 44 45 46 47
"00110001", "01000000", "01001000", "01010111", -- 48 49 50 51
"01100111", "01111001", "01111000", "01100101", -- 52 53 54 55
"01001000", "01011100", "01011111", "01100010", -- 56 57 58 59
"01110000", "01100100", "01100111", "01100011" -- 60 61 62 63

1



constant CHROMINANCEQTABLE :

(
"00010001",
"01100011",
"00010010",
"01100011",
"00011000",
"01100011",
"00101111",
"01100011",
"01100011",
"01100011",
"01100011",
"01100011",
"01100011",
"01100011",
"01100011",
"01100011",

)

end L_C_TABLES;

"00010010", "00011000",
"01100011", "01100011",
"00010101", "00011010",
"01100011", "01100011",
"00011010", "00111000",
"01100011", "01100011",
"01000010", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",
"01100011", "01100011",

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

use work.L_C_TABLES.ALL;

entity Quantization is
Port ( CLK,RESET :

START_QUANTIZATION :

SCALE :
DCTZ_1

DCTZ_2 :
DCTZ_3 :
DCTZ_4 :

DCTZ_5

DCTZ_6 :

in
in
in
in
in
in

in std_logic;

std_logic_vector(12
std_logic_vector(12
std_logic_vector(12
std_logic_vector(12
std_logic_vector(12
std_logic_vector(12

in std_logic;

downto
downto
downto
downto
downto
downto

2

CHROMINANCEQTABLE_ARRAY :

in std_logic_vector(7 downto 0);

0);
0);
0);
0);
0);
0);

"00101111", --
"01100011", --
"01000010", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011", --
"01100011" --

8
12
16
20
24
28
32
36
40
44
48
52
56
60

9
13
17
21
25
29
33
37
41
45
49
53
57
61

15
19
23
27
31
35
39
43
a7
51
55
59
63



QDCTZ_1 : out std_logic_vector(12 downto 0);
QDCTZ_2 : out std_logic_vector(12 downto 0);
QDCTZ_3 : out std_logic_vector(12 downto 0);
QDCTZ_4 : out std_logic_vector(12 downto 0);
QDCTZ_5 : out std_logic_vector(12 downto 0);
QDCTZ_6 : out std_logic_vector(12 downto 0);
START_DCTZ_IN : out std_logic;
DONE_OUT_QDCTZ_K : out std_logic;
DONE_QUANTIZATION : out std_logic);

end Quantization;

architecture Behavioral of Quantization is

component DCTZ_1_RAM
Port ( CLK : in std_logic;

WP_DCTZ_1 : in std_logic;
RP_DCTZ_1 : in std_logic;
AD_DCTZ_1 : in std_logic_vector(5 downto 0);
IN_DCTZ_1 : in std_logic_vector(12 downto 0);
OUT_DCTZ_1 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_2_RAM
Port ( CLK : in std_logic;

WP_DCTZ_2 : in std_logic;
RP_DCTZ_2 : in std_logic;
AD_DCTZ_2 : in std_logic_vector(5 downto 0);
IN_DCTZ_2 : in std_logic_vector(12 downto 0);
OUT_DCTZ_2 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_3_RAM
Port ( CLK : in std_logic;
WP_DCTZ_3 : in std_logic;
RP_DCTZ_3 : in std_logic;
AD_DCTZ_3 : in std_logic_vector(5 downto 0);
IN_DCTZ_3 : in std_logic_vector(12 downto 0);
OUT_DCTZ_3 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_4_RAM
Port ( CLK : in std_logic;
WP_DCTZ_4 : in std_logic;
RP_DCTZ_4 : in std_logic;
AD_DCTZ_4 : in std_logic_vector(5 downto 0);
IN_DCTZ_4 : in std_logic_vector(12 downto 0);
OUT_DCTZ_4 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_5_RAM
Port ( CLK : in std_logic;
WP_DCTZ_5 : in std_logic;



RP_DCTZ_5 : in std_logic;

AD_DCTZ_5 : in std_logic_vector(5 downto 0);
IN_DCTZ_5 : in std_logic_vector(12 downto 0);
OUT_DCTZ_5 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_6_RAM
Port ( CLK : in std_logic;
WP_DCTZ_6 : in

RP_DCTZ_6 : in

AD_DCTZ_6 : in

IN_DCTZ_6 : in

std_logic;
std_logic;
std_logic_vector(5 downto 0);
std_logic_vector(12 downto 0);

OUT_DCTZ_6 :

end component;

component QDCTZ_1_RAM
Port ( CLK :

0UT_QDCTZ_1
end component;

component QDCTZ_2_RAM
Port ( CLK :

end component;

component QDCTZ_3_RAM
Port ( CLK :

end component;

component QDCTZ_4_RAM
Port ( CLK :

end component;

component QDCTZ_5_RAM

out std_logic_vector(12 downto 0));

in std_logic;
WP_QDCTZ_1 :
RP_QDCTZ_1 :
AD_QDCTZ_1 :
IN_QDCTZ_1 :

in std_logic;
in std_logic;
in std_logic_vector(5 downto 0);
in std_logic_vector(12 downto 0);

: out std_logic_vector(12 downto 0));

in std_logic;
WP_QDCTZ_2 :
RP_QDCTZ_2 :
AD_QDCTZ_2 :
IN_QDCTZ_2 :
0UT_QDCTZ_2 :

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);

in std_logic_vector(12 downto 0);
out std_logic_vector (12 downto 0));

in std_logic;
WP_QDCTZ_3 :
RP_QDCTZ_3 :
AD_QDCTZ_3 :
IN_QDCTZ_3 :
0UT_QDCTZ_3 :

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);

in std_logic_vector(12 downto 0);
out std_logic_vector (12 downto 0));

in std_logic;
WP_QDCTZ_4 :
RP_QDCTZ_4 :
AD_QDCTZ_4 :
IN_QDCTZ_4 :
0UT_QDCTZ_4 :

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);

in std_logic_vector(12 downto 0);
out std_logic_vector (12 downto 0));



Port ( CLK : in std_logic;
WP_QDCTZ_5 : in std_logic;
RP_QDCTZ_5 : in std_logic;
AD_QDCTZ_5 : in std_logic_vector(5 downto 0);
IN_QDCTZ_5 : in std_logic_vector(12 downto 0);
OUT_QDCTZ_5 : out std_logic_vector(12 downto 0));
end component;

component QDCTZ_6_RAM
Port ( CLK : in std_logic;

WP_QDCTZ_6 : in std_logic;
RP_QDCTZ_6 : in std_logic;
AD_QDCTZ_6 : in std_logic_vector(5 downto 0);
IN_QDCTZ_6 : in std_logic_vector(12 downto 0);
OUT_QDCTZ_6 : out std_logic_vector(12 downto 0));

end component;

component ALU
Port ( CLK : in std_logic;

START_ALU : in std_logic;
L_C_TABLE : in std_logic_vector(7 downto 0);
SCALE : in std_logic_vector(7 downto 0);
SIGN : in std_logic_vector(l downto 0);
DCTZ_K : in std_logic_vector(12 downto 0);
QDCTZ_K : out std_logic_vector(12 downto 0);
DONE_ALU : out std_logic);

end component;

type STATE is (INIT,MAKE_DCTZ_RAM,IF_DCTZ_RAM,II_DCTZ_RAM_UP,
K_VALUE,II_VALUE,MAKE_ALU,MAKE_QDCTZ_K,IF_II,II_UP,IF_K,K_UP,
QDCTZ_OUT_II_VALUE,QDCTZ_OUT,IF_QDCTZ_OUT_II,QDCTZ_OUT_II_UP);

signal CURRENT_STATE,NEXT_STATE : STATE;

signal K : std_logic_vector(2 downto 0);

signal II : std_logic_vector(5 downto 0);

signal WP_DCTZ_1,WP_DCTZ_2,WP_DCTZ_3 : std_logic;

signal WP_DCTZ_4,WP_DCTZ_5,WP_DCTZ_6 : std_logic;

signal RP_DCTZ_1,RP_DCTZ_2,RP_DCTZ_3 : std_logic;

signal RP_DCTZ_4,RP_DCTZ_5,RP_DCTZ_6 : std_logic;

signal WP_QDCTZ_1,WP_QDCTZ_2,WP_QDCTZ_3 : std_logic;

signal WP_QDCTZ_4,WP_QDCTZ_5,WP_QDCTZ_6 : std_logic;

signal RP_QDCTZ_1,RP_QDCTZ_2,RP_QDCTZ_3 : std_logic;

signal RP_QDCTZ_4,RP_QDCTZ_5,RP_QDCTZ_6 : std_logic;

signal OUT_DCTZ_1,0UT_DCTZ_2,0UT_DCTZ_3 : std_logic_vector(12 downto 0);
signal OUT_DCTZ_4,0UT_DCTZ_5,0UT_DCTZ_6 : std_logic_vector(12 downto 0);
signal IN_QDCTZ_1,IN_QDCTZ_2,IN_QDCTZ_3 : std_logic_vector(12 downto 0);
signal IN_QDCTZ_4,IN_QDCTZ_5,IN_QDCTZ_6 : std_logic_vector(12 downto 0);
signal START_ALU : std_logic;

signal L_C_TABLE : std_logic_vector(7 downto 0);

signal SIGN : std_logic_vector(l downto 0);

signal DONE_ALU : std_logic;

signal QDCTZ_K : std_logic_vector (12 downto 0);
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signal DCTZ_K : std_logic_vector(12 downto 0);

U_DCTZ_1_RAM : DCTZ_1_RAM

port map(CLK,WP_DCTZ_1,RP_DCTZ_1,II,DCTZ_1,0UT_DCTZ_1);
U_DCTZ_2_RAM : DCTZ_2_RAM

port map(CLK,WP_DCTZ_2,RP_DCTZ_2,II,DCTZ_2,0UT_DCTZ_2);
U_DCTZ_3_RAM : DCTZ_3_RAM

port map(CLK,WP_DCTZ_3,RP_DCTZ_3,II,DCTZ_3,0UT_DCTZ_3);
U_DCTZ_4_RAM : DCTZ_4_RAM

port map(CLK,WP_DCTZ_4,RP_DCTZ_4,II,DCTZ_4,0UT_DCTZ_4);
U_DCTZ_5_RAM : DCTZ_5_RAM

port map(CLK,WP_DCTZ_5,RP_DCTZ_5,II,DCTZ_5,0UT_DCTZ_5);
U_DCTZ_6_RAM : DCTZ_6_RAM

port map(CLK,WP_DCTZ_6,RP_DCTZ_6,1I,DCTZ_6,0UT_DCTZ_6);

U_QDCTZ_1_RAM : QDCTZ_1_RAM

port map(CLK,WP_QDCTZ_1,RP_QDCTZ_1,II,IN_QDCTZ_1,QDCTZ_1);
U_QDCTZ_2_RAM : QDCTZ_2_RAM

port map(CLK,WP_QDCTZ_2,RP_QDCTZ_2,II,IN_QDCTZ_2,QDCTZ_2);
U_QDCTZ_3_RAM : QDCTZ_3_RAM

port map(CLK,WP_QDCTZ_3,RP_QDCTZ_3,II,IN_QDCTZ_3,QDCTZ_3);
U_QDCTZ_4_RAM : QDCTZ_4_RAM

port map(CLK,WP_QDCTZ_4,RP_QDCTZ_4,II,IN_QDCTZ_4,QDCTZ_4);
U_QDCTZ_5_RAM : QDCTZ_5_RAM

port map(CLK,WP_QDCTZ_5,RP_QDCTZ_5,II,IN_QDCTZ_5,QDCTZ_5);
U_QDCTZ_6_RAM : QDCTZ_6_RAM

port map(CLK,WP_QDCTZ_6,RP_QDCTZ_6,II,IN_QDCTZ_6,QDCTZ_6) ;

U_ALU : ALU port map(CLK,START_ALU,L_C_TABLE,SCALE,SIGN,DCTZ_K,QDCTZ_K,DONE_ALU);

process (CLK,RESET)begin



if (RESET="1’)then
CURRENT_STATE <= INIT;
elsif (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT _STATE, START_QUANTIZATION,DONE_ALU,K,II)begin
case CURRENT_STATE is
when INIT =>
if (START_QUANTIZATION = ’1’)then
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= MAKE_DCTZ_RAM;
else
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°;
NEXT_STATE <= INIT;
end if;
when MAKE_DCTZ_RAM =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= IF_DCTZ_RAM;
when IF_DCTZ_RAM =>
if (IT < "111111")then
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°;
NEXT_STATE <= II_DCTZ_RAM_UP;
else
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= K_VALUE;
end if;
when ITI_DCTZ_RAM_UP =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= MAKE_DCTZ_RAM;

when K_VALUE =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= II_VALUE;
when II_VALUE =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= MAKE_ALU;
when MAKE_ALU =>



if (DONE_ALU = ’1°)then
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°;
NEXT_STATE <= MAKE_QDCTZ_K;
else
START_ALU <= ’17;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= MAKE_ALU;
end if;
when MAKE_QDCTZ_K =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= IF_II;
when IF_II =>
if (IT < "111111")then
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°;
NEXT_STATE <= II_UP;
else
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= IF_K;
end if;
when II_UP =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= MAKE_ALU;
when IF_K =>
if (K < "110")then
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°;
NEXT_STATE <= K_UP;
else
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= QDCTZ_OUT_II_VALUE;
end if;
when K_UP =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= II_VALUE;

when QDCTZ_OUT_II_VALUE =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= QDCTZ_0UT;

when QDCTZ_OUT =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= IF_QDCTZ_0UT_II;

when IF_QDCTZ_OUT_II =>
if (IT < "111111")then



START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0’;
NEXT_STATE <= QDCTZ_0UT_II_UP;
else
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’1°;
NEXT_STATE <= INIT;
end if;
when QDCTZ_OUT_II_UP =>
START_ALU <= ’0’;
DONE_QUANTIZATION <= ’0°’;
NEXT_STATE <= QDCTZ_0UT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = MAKE_DCTZ_RAM)then
START_DCTZ_IN <= ’17;
WP_DCTZ_1 <= ’17;
WP_DCTZ_2 <= ’17;
WP_DCTZ_3 <= ’17;
WP_DCTZ_4 <= ’17;
WP_DCTZ_5 <= ’17;
WP_DCTZ_6 <= ’17;

else
START_DCTZ_IN <= ’07;
WP_DCTZ_1 <= ’0’;
WP_DCTZ_2 <= ’0’;
WP_DCTZ_3 <= ’0’;
WP_DCTZ_4 <= ’0’;
WP_DCTZ_5 <= ’0’;
WP_DCTZ_6 <= ’0’;

end if;

end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = II_VALUE
or CURRENT_STATE = IF_K or CURRENT_STATE = QDCTZ_OUT_II_VALUE)then
II <= "000000";



elsif (CURRENT_STATE = II_DCTZ_RAM_UP or CURRENT_STATE = II_UP
or CURRENT_STATE = QDCTZ_OUT_II_UP)then
II <= II + 1;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = K_VALUE
or CURRENT_STATE = QDCTZ_QUT_II_VALUE)then
K <= "001";
elsif (CURRENT_STATE = K_UP)then
K <= K + 1;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU <= ’1’)then
if (K = "001")then
RP_DCTZ_1 <= ’17;
DCTZ_K <= QOUT_DCTZ_1;
elsif (K = "010")then
RP_DCTZ_2 <= ’17;
DCTZ_K <= OUT_DCTZ_2;
elsif(K = "011")then
RP_DCTZ_3 <= ’17;
DCTZ_K <= QOUT_DCTZ_3;
elsif (K = "100")then
RP_DCTZ_4 <= ’17;
DCTZ_K <= QOUT_DCTZ_4;
elsif(K = "101")then
RP_DCTZ_5 <= ’17;
DCTZ_K <= OUT_DCTZ_5;
elsif(K = "110")then
RP_DCTZ_6 <= ’17;
DCTZ_K <= OUT_DCTZ_6;
end if;
else
RP_DCTZ_1 <= ’0’;
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RP_DCTZ_2 <= ’0’;
RP_DCTZ_3 <= ’0’;
RP_DCTZ_4 <= ’0’;
RP_DCTZ_5 <= ’0’;
RP_DCTZ_6 <= ’0’;

end if;

end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU <= ’1’)then
if (K = "101" or K = "110")then
L_C_TABLE <= CHROMINANCEQTABLE(CONV_INTEGER(II));
else
L_C_TABLE <

end if;

LUMINANCEQTABLE (CONV_INTEGER(II));

end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU <= ’1’)then
if (DCTZ_K = "0000000000000") then

SIGN <= "00";
elsif (DCTZ_K(12) = ’0’)then
SIGN <= "01";
else
SIGN <= "11";
end if;
end if;

end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
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if (CURRENT_STATE = MAKE_QDCTZ_K)then
if (K = "001")then
WP_QDCTZ_1 <= ’1’;
IN_QDCTZ_1 <= QDCTZ_K;
elsif (K = "010")then
WP_QDCTZ_2 <= ’1’;
IN_QDCTZ_2 <= QDCTZ_K;
elsif (K = "011")then
WP_QDCTZ_3 <= ’1’;
IN_QDCTZ_3 <= QDCTZ_K;
elsif (K = "100")then
WP_QDCTZ_4 <= ’1’;
IN_QDCTZ_4 <= QDCTZ_K;
elsif (K = "101")then
WP_QDCTZ_5 <= ’1’;
IN_QDCTZ_5 <= QDCTZ_K;
elsif (K = "110")then
WP_QDCTZ_6 <= ’1’;
IN_QDCTZ_6 <= QDCTZ_K;
end if;
else
WP_QDCTZ_1 <= ’0°;
WP_QDCTZ_2 <= ’0°;
WP_QDCTZ_3 <= ’0°;
WP_QDCTZ_4 <= ’0°;
WP_QDCTZ_5 <= ’0°;
WP_QDCTZ_6 <= ’0°;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = QDCTZ_OUT)then
RP_QDCTZ_1 <= ’1’;
RP_QDCTZ_2 <= ’1’;
RP_QDCTZ_3 <= ’1’;
RP_QDCTZ_4 <= ’1’;
RP_QDCTZ_5 <= ’1’;
RP_QDCTZ_6 <= ’1’;
DONE_QOUT_QDCTZ_K <= ’1°;

else
RP_QDCTZ_1 <= ’0’;
RP_QDCTZ_2 <= ’0’;
RP_QDCTZ_3 <= ’0’;
RP_QDCTZ_4 <= ’0’;
RP_QDCTZ_5 <= ’0’;

12



RP_QDCTZ_6 <= ’0’;
DONE_OUT_QDCTZ_K <= ’0’;
end if;
end if;
end process;

end Behavioral;

2-3) ALUO OO

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ALU is
Port ( CLK : in std_logic;

START_ALU : in std_logic;
L_C_TABLE : in std_logic_vector(7 downto 0);
SCALE : in std_logic_vector(7 downto 0);
SIGN : in std_logic_vector(1l downto 0);
DCTZ_K : in std_logic_vector(12 downto 0);
QDCTZ_K : out std_logic_vector(12 downto 0);
DONE_ALU : out std_logic);

end ALU;

architecture Behavioral of ALU is

component MUL
Port ( CLK : in std_logic;
START_MUL : in std_logic;
MUL_IN_A : in std_logic_vector(7 downto 0);
MUL_IN_B : in std_logic_vector(7 downto 0);
MUL_OUT : out std_logic_vector (14 downto 0);
DONE_MUL : out std_logic);

end component;

component ADD
Port ( CLK : in std_logic;
START_ADD : in std_logic;
ADD_IN_A : in std_logic_vector(16 downto 0);
ADD_IN B : in std_logic_vector(16 downto 0);
ADD_OUT : out std_logic_vector(17 downto 0);
DONE_ADD : out std_logic);

end component;

component DIV
Port ( CLK : in std_logic;
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START_DIV : in std_logic;
DIV_IN_A : in std_logic_vector (25 downto 0);
DIV_IN B : in std_logic_vector(14 downto 0);
DIV_OUT : out std_logic_vector(12 downto 0);
DONE_DIV : out std_logic);

end component;

type STATE is (INIT,MAKE_STEPSIZE,MAKE_MUL_SIGN,MAKE_ADD_DCTZ_K,
MAKE_DIV_STEPSIZE,MAKE_DIV_0UT);

signal CURRENT_STATE,NEXT_STATE : STATE;

signal MUL_IN_A,MUL_IN_B : std_logic_vector(7 downto 0);
signal MUL_OUT : std_logic_vector (14 downto 0);

signal MUL_SIGN : std_logic_vector(14 downto 0);

signal ADD_IN_A,ADD_IN_B : std_logic_vector (16 downto 0);
signal ADD_OUT : std_logic_vector (17 downto 0);

signal DIV_IN_A : std_logic_vector(25 downto 0);

signal DIV_IN_B : std_logic_vector(14 downto 0);

signal DIV_OUT : std_logic_vector (12 downto 0);

signal START_MUL,START_ADD,START_DIV : std_logic;

signal DONE_MUL,DONE_ADD,DONE_DIV : std_logic;

U_MUL : MUL port map(CLK,START_MUL,MUL_IN_A,MUL_IN_B,MUL_QUT,DONE_MUL);
-- S8 X S8 0OUT S15

U_ADD : ADD port map(CLK,START_ADD,ADD_IN_A,ADD_IN_B,ADD_QUT,DONE_ADD);
-- S17 X S17 OUT S18

U_DIV : DIV port map(CLK,START_DIV,DIV_IN_A,DIV_IN_B,DIV_QUT,DONE_DIV);
-- S26 X S15 OUT S13

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_ALU,DONE_MUL ,DONE_ADD,DONE_DIV)begin
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case CURRENT_STATE is
when INIT =>
if (START_ALU = ’1’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_STEPSIZE;
else
START_MUL <= ’0’;
START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_STEPSIZE =>
if (DONE_MUL = ’1°)then
START_MUL <= ’0’;
START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_MUL_SIGN;
else
START_MUL <= ’17;
START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_STEPSIZE;
end if;
when MAKE_MUL_SIGN =>
START_MUL <= ’0°’;
START_ADD <= ’0’;
START_DIV <= ’0°’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_ADD_DCTZ_K;
when MAKE_ADD_DCTZ_K =>
if (DONE_ADD = ’1’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_DIV_STEPSIZE;
else
START_MUL <= ’0’;
START_ADD <= ’17;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_ADD_DCTZ_K;
end if;
when MAKE_DIV_STEPSIZE =>
if (DONE_DIV = ’1’)then
START_MUL <= ’0’;
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START_ADD <= ’0’;
START_DIV <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_DIV_0UT;
else
START_MUL <= ’0’;
START_ADD <= ’0’;
START_DIV <= ’17;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_DIV_STEPSIZE;
end if;
when MAKE_DIV_OUT =>
START_MUL <= ’0°’;
START_ADD <= ’0’;
START_DIV <= ’0°’;
DONE_ALU <= ’17;
NEXT_STATE <= INIT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_STEPSIZE)then
MUL_IN_A <= L_C_TABLE;
MUL_IN_B <= SCALE;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_MUL_SIGN)then
if (SIGN(0) = ’0’)then
MUL_SIGN <= "000000000000000";
elsif (SIGN(1) = ’0’)then
MUL_SIGN <= MUL_OUT;
elsif (SIGN(1) = ’1’)then
MUL_SIGN <= (not MUL_OUT(14)) & MUL_QOUT(13 downto 0);
end if;
end if;
end if;

end process;
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_ADD_DCTZ_K)then
if (MUL_SIGN(0) = ’0’)then
ADD_IN_A <= MUL_SIGN(14) & "00" & MUL_SIGN(O) & MUL_SIGN(13 downto 1);
ADD_IN_B <= DCTZ_K & "0000";
else
ADD_IN_A <= MUL_SIGN(14) & "000" & MUL_SIGN(13 downto 1);
ADD_IN_B <= DCTZ_K & "0000";
end if;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_DIV_STEPSIZE)then
DIV_IN_A <= ADD_OUT(17) & "00000000" & ADD_O0UT(16 downto O0);
DIV_IN_B <= MUL_OUT;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_DIV_OUT)then
QDCTZ_K <= DIV_OUT;
end if;
end if;
end process;
end Behavioral;

17



2-3-1) MULOOO

-- S8 X 88 0UT Si15

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity MUL is
generic( IN_A_BIT : integer :=7;
IN_B_BIT : integer :=7;
OUT_BIT : integer := 14);

Port ( CLK : in std_logic;
START_MUL : in std_logic;
MUL_IN_A : in std_logic_vector (IN_A_BIT downto 0);
MUL_IN_B : in std_logic_vector (IN_B_BIT downto 0);
MUL_QUT : out std_logic_vector (OUT_BIT downto 0);
DONE_MUL : out std_logic);
end MUL;

architecture Behavioral of MUL is

type STATE is (INIT,MAKE_OUT_SIGN,
MAKE_OUT_SUM,MAKE_MUL_QUT) ;

signal CURRENT_STATE,NEXT_STATE : STATE;
signal OUT_SUM : std_logic_vector (OUT_BIT - 1 downto 0);
signal OUT_SIGN : std_logic;

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

process (CURRENT_STATE, START_MUL) begin
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case CURRENT_STATE is
when INIT =>
if (START_MUL = ’1’)then
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SIGN;
else
DONE_MUL <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_OUT_SIGN =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SUM;
when MAKE_QOUT_SUM =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_MUL_QUT;
when MAKE_MUL_OUT =>
DONE_MUL <= ’17;
NEXT_STATE <= INIT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_Q0UT_SIGN)then

if ((MUL_IN_A(IN_A_BIT) = ’0’ and MUL_IN_B(IN_B_BIT)
(MUL_IN_A(IN_A_BIT) = ’1’ and MUL_IN_B(IN_B_BIT)
OUT_SIGN <= ’0’;

else
OUT_SIGN <= ’1’;

end if;

’0’) or
’1’))then

end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_QUT_SUM) then
OUT_SUM <= MUL_IN_A(IN_A_BIT - 1 downto O0) * MUL_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;

end process;
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_MUL_OUT)then
if (QUT_SUM = O)then

MUL_OUT <= "000000000000000"; -- OUT_BIT + 1
else
MUL_OUT <= OUT_SIGN & QOUT_SUM;
end if;
end if;

end if;
end process;

end Behavioral;

2-3-2) ADDO OO

-- S17 X S17 OUT S18

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ADD is
generic( IN_A_BIT : integer := 16;
IN_B_BIT : integer := 16;
OUT_BIT : integer := 17);

Port ( CLK : in std_logic;
START_ADD : in std_logic;
ADD_IN_A : in std_logic_vector(IN_A_BIT downto 0);
ADD_IN_B : in std_logic_vector (IN_B_BIT downto 0);
ADD_OUT : out std_logic_vector (QUT_BIT downto 0);
DONE_ADD : out std_logic);
end ADD;

architecture Behavioral of ADD is

type STATE is (INIT,MAKE_NOSIGN_IN_AB,MAKE_RE_NOSIGN_IN_AB,
MAKE_OUT_SUM,MAKE_RE_OUT_SUM,MAKE_ADD_OUT) ;

signal CURRENT_STATE,NEXT_STATE : STATE;
signal NOSIGN_IN_A : std_logic_vector(IN_A_BIT downto 0);
signal RE_NOSIGN_IN_A : std_logic_vector (IN_A_BIT downto 0);
signal NOSIGN_IN_B : std_logic_vector(IN_B_BIT downto 0);
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signal RE_NOSIGN_IN_B : std_logic_vector (IN_B_BIT downto 0);
signal OUT_SUM : std_logic_vector (OUT_BIT downto O0);
signal RE_OUT_SUM : std_logic_vector (OUT_BIT downto 0);

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_ADD) begin
case CURRENT_STATE is
when INIT =>
if (START_ADD = ’1’)then
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_NOSIGN_IN_AB;
else
DONE_ADD <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_NOSIGN_IN_AB =>
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_RE_NOSIGN_IN_AB;
when MAKE_RE_NOSIGN_IN_AB =>
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_OUT_SUM;
when MAKE_QOUT_SUM =>
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_RE_QUT_SUM;
when MAKE_RE_OUT_SUM =>
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_ADD_QUT;
when MAKE_ADD_OUT =>
DONE_ADD <= ’17;
NEXT_STATE <= INIT;
end case;

end process;

-- MAKE_NOSIGN_IN_AB
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_NOSIGN_IN_AB)then
NOSIGN_IN_A <= ’0’ & ADD_IN_A(IN_A_BIT - 1 downto 0);
NOSIGN_IN_B <= ’0’ & ADD_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_RE_NOSIGN_IN_AB)then
if (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’1’)then
RE_NOSIGN_IN_A <= not NOSIGN_IN_A;
RE_NOSIGN_IN_B <= not NOSIGN_IN_B;

elsif (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’0’)then
RE_NOSIGN_IN_A <= not NOSIGN_IN_A;
RE_NOSIGN_IN_B <= NOSIGN_IN_B;

elsif (ADD_IN_A(IN_A_BIT) = ’0’ and ADD_IN_B(IN_B_BIT) = ’1’)then

RE_NOSIGN_IN_A <= NOSIGN_IN_A;
RE_NOSIGN_IN_B <= not NOSIGN_IN_B;

else
RE_NOSIGN_IN_A <= NOSIGN_IN_A;
RE_NOSIGN_IN_B <= NOSIGN_IN_B;

end if;

end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_Q0UT_SUM) then
OUT_SUM <= (°0’ & RE_NOSIGN_IN_A) + (°0’ & RE_NOSIGN_IN_B);
end if;
end if;

end process;

-- MAKE_RE_OUT_SUM
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process (CLK)begin

if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = MAKE
if (OUT_SUM(OUT_BIT)

_RE_OUT_SUM) then

= ’1’)then

if (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’1’)then

RE_QUT_SUM <=
else
RE_QUT_SUM <=
end if;
else
if (ADD_IN_A(IN_A
RE_QUT_SUM <=
else
RE_QUT_SUM <=

end if;

end if;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)t

’1’ & (not (OUT_SUM(OUT_BIT - 1 downto 0) + 1));

>0’ & (OUT_SUM(OUT_BIT - 1 downto 0) + 1);

BIT) = 0’ and ADD_IN_B(IN_B_BIT) = ’0’)then

0UT_SUM;

’1’ & (not (OUT_SUM(OUT_BIT - 1 downto 0)));

hen

if (CURRENT_STATE = MAKE_ADD_QUT) then

if (RE_OUT_SUM(OUT_BI

T - 1 downto 0) = O)then

ADD_QUT <= "000000000000000000"; --0UT_BIT + 1

else

ADD_OUT <= RE_OUT_SUM;

end if;
end if;
end if;
end process;

end Behavioral;

2-3-3) DIVO OO

-- 526 X S15 0OUT S13

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
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entity DIV is
generic( IN_A_BIT : integer := 25;
IN_B_BIT : integer := 14;
OUT_BIT : integer := 12);

Port ( CLK : in std_logic;
START_DIV : in std_logic;
DIV_IN_A : in std_logic_vector(IN_A_BIT downto 0); -- dividend
DIV_IN_B : in std_logic_vector(IN_B_BIT downto 0); -- divisor
DIV_OUT : out std_logic_vector (OUT_BIT downto 0);
DONE_DIV : out std_logic);
end DIV;

architecture Behavioral of DIV is

type STATE is (INIT,MAKE_DD_DASH,MAKE_PR,MAKE_PQ,
MAKE_REO2_PR,IF_N,N_MINUS,OQUT_PQ);

signal CURRENT_STATE,NEXT_STATE : STATE;

signal PR : std_logic_vector (IN_B_BIT - 1 downto 0);

signal DS : std_logic_vector (IN_B_BIT - 1 downto 0);

signal RE_PR : std_logic_vector(IN_B_BIT downto 0);

signal REO2_PR : std_logic_vector (IN_B_BIT - 1 downto 0);

signal DD_DASH : std_logic_vector(IN_A_BIT - IN_B_BIT - 1 downto 0);

signal PQ : std_logic_vector (IN_A_BIT - IN_B_BIT downto 0);

signal N : integer range O to 11; -- IN_A_BIT - IN_B_BIT

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT _STATE,START_DIV,N)begin
case CURRENT_STATE is
when INIT =>

if (START_DIV = ’1’)then
DONE_DIV <= ’0’;
NEXT_STATE <= MAKE_DD_DASH;

else
DONE_DIV <= ’0’;
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NEXT_STATE <= INIT;
end if;
when MAKE_DD_DASH =>
DONE_DIV <= ’0’;
NEXT_STATE <= MAKE_PR;
when MAKE_PR =>
DONE_DIV <= ’0’;
NEXT_STATE <= MAKE_PQ;
when MAKE_PQ =>
DONE_DIV <= ’0’;
NEXT_STATE <= MAKE_REO2_PR;
when MAKE_REO2_PR =>
DONE_DIV <= ’0’;
NEXT_STATE <= IF_N;
when IF_N =>
if (N > O)then
DONE_DIV <= ’0’;
NEXT_STATE <= N_MINUS;
else
DONE_DIV <= ’0’;
NEXT_STATE <= QUT_PQ;
end if;
when N_MINUS =>
DONE_DIV <= ’0’;
NEXT_STATE <= MAKE_PR;
when OUT_PQ =>
DONE_DIV <= ’17;
NEXT_STATE <= INIT;
end case;

end process;

process (CLK) begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_DD_DASH) then
DD_DASH <= DIV_IN_A(IN_A_BIT - IN_B_BIT - 1 downto 0);
DS <= DIV_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;

end process;

process (CLK) begin
if (CLK’event and CLK=’1’)then
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if (CURRENT_STATE = MAKE_PR)then

if (N = 11)then -—- IN_A_BIT - IN_B_BIT
PR <= DIV_IN_A(IN_A_BIT - 1 downto IN_A_BIT - IN_B_BIT);
else
PR <= REO2_PR;
end if;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_PQ)then
if (DS > PR)then
RE_PR <= ’0’ & PR;

PQ(N) <= ’07;
else
RE_PR <= (0’ & PR) + (0’ & (not DS)) + 1;
PQ(N) <= ’17%;
end if;
end if;

end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_REO2_PR)then
if (N > O)then
REO2_PR <= RE_PR(IN_B_BIT - 2 downto 0) & DD_DASH(N-1);
else
REO2_PR <= RE_PR(IN_B_BIT downto 2) & DD_DASH(O);
end if;
end if;
end if;
end process;

process (CLK)begin

26



if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = MAKE_DD_DASH)then

N <= 11;

elsif (CURRENT_STATE = N_MINUS)then

N<=0N-1;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = OUT_PQ)then

-- IN_A_BIT - IN_B_BIT

if (DIV_IN_A(IN_A_BIT) = ’1’ and DIV_IN_B(IN_B_BIT) = ’1’)then

DIV_OUT <= ’0’ & PQ;

elsif (DIV_IN_A(IN_A_BIT) = 0’ and DIV_IN_B(IN_B_BIT) = ’0’)then

DIV_OUT <= ’0’ & PQ;
else
DIV_OUT <= ’1’ & PQ;
end if;
end if;
end if;
end process;
end Behavioral;

2-4) DCTZXkRAM (k=1,---,6)000

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity DCTZ_k_RAM is
Port ( CLK : in std_logic;
WP_DCTZ_k : in std_logic;
RP_DCTZ_k : in std_logic;

AD_DCTZ_k : in std_logic_vector(5 downto 0);
IN_DCTZ_k : in std_logic_vector(12 downto 0);
OUT_DCTZ_k : out std_logic_vector(12 downto 0));

end DCTZ_k_RAM;

architecture Behavioral of DCTZ_k_RAM is

subtype DCTZ_k_WORD is std_logic_vector(12 downto 0);
type DCTZ_k_ARRAY is array(0 to 63) of DCTZ_k_WORD;



signal DCTZ_k : DCTZ_k_ARRAY;
signal AD : std_logic_vector(5 downto 0);

process (CLK)begin
if (CLK’event and CLK = ’1’)then
if (WP_DCTZ_k = ’1’)then
DCTZ_k (CONV_INTEGER(AD_DCTZ_k)) <= IN_DCTZ_k;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK = ’1’)then
if (RP_DCTZ_k = ’1’)then
AD <= AD_DCTZ_k;
end if;
end if;
end process;
OUT_DCTZ_k <= DCTZ_k(CONV_INTEGER(AD));

end Behavioral;

2-5) QDCTZkRAM (k=1,---,6)0 00

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity QDCTZ_k_RAM is
Port ( CLK : in std_logic;

WP_QDCTZ_k : in std_logic;
RP_QDCTZ_k : in std_logic;
AD_QDCTZ_k : in std_logic_vector(5 downto 0);
IN_QDCTZ_k : in std_logic_vector(12 downto 0);
OUT_QDCTZ_k : out std_logic_vector(12 downto 0));

end QDCTZ_k_RAM;
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architecture Behavioral of QDCTZ_k_RAM is
subtype QDCTZ_k_WORD is std_logic_vector (12 downto 0);
type QDCTZ_k_ARRAY is array(0 to 63) of QDCTZ_k_WORD;
signal QDCTZ_k : QDCTZ_k_ARRAY;
signal AD : std_logic_vector(5 downto 0);

process (CLK)begin
if (CLK’event and CLK = ’1’)then
if (WP_QDCTZ_k = ’1’)then
QDCTZ_k (CONV_INTEGER(AD_QDCTZ_k)) <= IN_QDCTZ_k;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK = ’1’)then
if (RP_QDCTZ_k = ’1’)then
AD <= AD_QDCTZ_k;
end if;
end if;
end process;
OUT_QDCTZ_k <= QDCTZ_k (CONV_INTEGER(AD));

end Behavioral;

3) 0DODooooooo

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

use work.L_C_TABLES.ALL;
entity DeQuantization is

Port ( CLK,RESET : in std_logic;
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START_DEQUANTIZATION : in std_logic;
SCALE : in std_logic_vector(7 downto 0);
QDCTZ_1 : in std_logic_vector (12 downto 0);
QDCTZ_2 : in std_logic_vector (12 downto 0);
QDCTZ_3 : in std_logic_vector (12 downto 0);
QDCTZ_4 : in std_logic_vector (12 downto 0);
QDCTZ_5 : in std_logic_vector (12 downto 0);
QDCTZ_6 : in std_logic_vector (12 downto 0);
DCTZ_1 : out std_logic_vector (12 downto 0);
DCTZ_2 : out std_logic_vector (12 downto 0);
DCTZ_3 : out std_logic_vector (12 downto 0);
DCTZ_4 : out std_logic_vector (12 downto 0);
DCTZ_5 : out std_logic_vector (12 downto 0);
DCTZ_6 : out std_logic_vector (12 downto 0);
START_QDCTZ_IN : out std_logic;
DONE_OUT_DCTZ_K : out std_logic;
DONE_DEQUANTIZATION : out std_logic);

end DeQuantization;

architecture Behavioral of DeQuantization is

component DCTZ_1_RAM
Port ( CLK : in std_logic;

WP_DCTZ_1 : in std_logic;
RP_DCTZ_1 : in std_logic;
AD_DCTZ_1 : in std_logic_vector(5 downto 0);
IN_DCTZ_1 : in std_logic_vector(12 downto 0);
OUT_DCTZ_1 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_2_RAM
Port ( CLK : in std_logic;

WP_DCTZ_2 : in std_logic;
RP_DCTZ_2 : in std_logic;
AD_DCTZ_2 : in std_logic_vector(5 downto 0);
IN_DCTZ_2 : in std_logic_vector(12 downto 0);
OUT_DCTZ_2 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_3_RAM
Port ( CLK : in std_logic;

WP_DCTZ_3 : in std_logic;
RP_DCTZ_3 : in std_logic;
AD_DCTZ_3 : in std_logic_vector(5 downto 0);
IN_DCTZ_3 : in std_logic_vector(12 downto 0);
OUT_DCTZ_3 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_4_RAM
Port ( CLK : in std_logic;
WP_DCTZ_4 : in std_logic;
RP_DCTZ_4 : in std_logic;
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AD_DCTZ_4 :
IN_DCTZ_4 :

OUT_DCTZ_4 :

end component;

component DCTZ_5_RAM
Port ( CLK :
WP_DCTZ_5 :

RP_DCTZ_5 :

AD_DCTZ_5 :

IN_DCTZ_5 :

OUT_DCTZ_5 :

end component;

component DCTZ_6_RAM
Port ( CLK :
WP_DCTZ_6 :

RP_DCTZ_6 :

AD_DCTZ_6 :

IN_DCTZ_6 :

OUT_DCTZ_6 :

end component;

component QDCTZ_1_RAM
Port ( CLK :

0UT_QDCTZ_1
end component;

component QDCTZ_2_RAM
Port ( CLK :

end component;

component QDCTZ_3_RAM
Port ( CLK :

end component;

component QDCTZ_4_RAM
Port ( CLK :

in std_logic_vector(5 downto 0);
in std_logic_vector(12 downto 0);

out std_logic_vector(12 downto 0));

in std_logic;

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);
in std_logic_vector(12 downto 0);

out std_logic_vector(12 downto 0));

in std_logic;

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);
in std_logic_vector(12 downto 0);

out std_logic_vector(12 downto 0));

in std_logic;
WP_QDCTZ_1 :
RP_QDCTZ_1 :
AD_QDCTZ_1 :
IN_QDCTZ_1 :

in std_logic;
in std_logic;
in std_logic_vector(5 downto 0);
in std_logic_vector(12 downto 0);

: out std_logic_vector(12 downto 0));

in std_logic;
WP_QDCTZ_2 :
RP_QDCTZ_2 :
AD_QDCTZ_2 :
IN_QDCTZ_2 :
0UT_QDCTZ_2 :

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);

in std_logic_vector(12 downto 0);
out std_logic_vector (12 downto 0));

in std_logic;
WP_QDCTZ_3 :
RP_QDCTZ_3 :
AD_QDCTZ_3 :
IN_QDCTZ_3 :
0UT_QDCTZ_3 :

in std_logic;

in std_logic;

in std_logic_vector(5 downto 0);

in std_logic_vector(12 downto 0);
out std_logic_vector (12 downto 0));

in std_logic;
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WP_QDCTZ_4 : in std_logic;

RP_QDCTZ_4 : in std_logic;

AD_QDCTZ_4 : in std_logic_vector(5 downto 0);

IN_QDCTZ_4 : in std_logic_vector(12 downto 0);

OUT_QDCTZ_4 : out std_logic_vector(12 downto 0));
end component;

component QDCTZ_5_RAM
Port ( CLK : in std_logic;

WP_QDCTZ_5 : in std_logic;
RP_QDCTZ_5 : in std_logic;
AD_QDCTZ_5 : in std_logic_vector(5 downto 0);
IN_QDCTZ_5 : in std_logic_vector(12 downto 0);
OUT_QDCTZ_5 : out std_logic_vector(12 downto 0));

end component;

component QDCTZ_6_RAM
Port ( CLK : in std_logic;

WP_QDCTZ_6 : in std_logic;
RP_QDCTZ_6 : in std_logic;
AD_QDCTZ_6 : in std_logic_vector(5 downto 0);
IN_QDCTZ_6 : in std_logic_vector(12 downto 0);
OUT_QDCTZ_6 : out std_logic_vector(12 downto 0));

end component;

component ALU
Port ( CLK : in std_logic;

START_ALU : in std_logic;
L_C_TABLE : in std_logic_vector(7 downto 0);
SCALE : in std_logic_vector(7 downto 0);
QDCTZ_K : in std_logic_vector (12 downto 0);
DCTZ_K : out std_logic_vector (12 downto 0);
DONE_ALU : out std_logic);

end component;

type STATE is (INIT,MAKE_QDCTZ_RAM,IF_QDCTZ_RAM,II_QDCTZ_RAM_UP,
K_VALUE,II_VALUE,MAKE_ALU,MAKE_DCTZ_K,IF_II,II_UP,IF_K,K_UP,
DCTZ_OUT_II_VALUE,DCTZ_O0UT,IF_DCTZ_OUT_II,DCTZ_OUT_II_UP);

signal CURRENT_STATE,NEXT_STATE : STATE;

signal K : std_logic_vector(2 downto 0);

signal II : std_logic_vector(5 downto 0);

signal WP_QDCTZ_1,WP_QDCTZ_2,WP_QDCTZ_3,WP_QDCTZ_4,WP_QDCTZ_5,WP_QDCTZ_6 : std_logic;
signal RP_QDCTZ_1,RP_QDCTZ_2,RP_QDCTZ_3,RP_QDCTZ_4,RP_QDCTZ_5,RP_QDCTZ_6 : std_logic;
signal WP_DCTZ_1,WP_DCTZ_2,WP_DCTZ_3,WP_DCTZ_4,WP_DCTZ_5,WP_DCTZ_6 : std_logic;
signal RP_DCTZ_1,RP_DCTZ_2,RP_DCTZ_3,RP_DCTZ_4,RP_DCTZ_5,RP_DCTZ_6 : std_logic;
signal OUT_QDCTZ_1,0UT_QDCTZ_2,0UT_QDCTZ_3 : std_logic_vector(12 downto 0);

signal OUT_QDCTZ_4,0UT_QDCTZ_5,0UT_QDCTZ_6 : std_logic_vector(12 downto 0);

signal IN_DCTZ_1,IN_DCTZ_2,IN_DCTZ_3 : std_logic_vector(12 downto 0);

signal IN_DCTZ_4,IN_DCTZ_5,IN_DCTZ_6 : std_logic_vector(12 downto 0);

signal START_ALU : std_logic;

signal L_C_TABLE : std_logic_vector(7 downto 0);
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signal DONE_ALU : std_logic;
signal DCTZ_K : std_logic_vector(12 downto 0);
signal QDCTZ_K : std_logic_vector (12 downto 0);

U_QDCTZ_1_RAM : QDCTZ_1_RAM

port map(CLK,WP_QDCTZ_1,RP_QDCTZ_1,II,QDCTZ_1,0UT_QDCTZ_1);
U_QDCTZ_2_RAM : QDCTZ_2_RAM

port map(CLK,WP_QDCTZ_2,RP_QDCTZ_2,II,QDCTZ_2,0UT_QDCTZ_2);
U_QDCTZ_3_RAM : QDCTZ_3_RAM

port map(CLK,WP_QDCTZ_3,RP_QDCTZ_3,II,QDCTZ_3,0UT_QDCTZ_3);
U_QDCTZ_4_RAM : QDCTZ_4_RAM

port map(CLK,WP_QDCTZ_4,RP_QDCTZ_4,II,QDCTZ_4,0UT_QDCTZ_4);
U_QDCTZ_5_RAM : QDCTZ_5_RAM

port map(CLK,WP_QDCTZ_5,RP_QDCTZ_5,II,QDCTZ_5,0UT_QDCTZ_5) ;
U_QDCTZ_6_RAM : QDCTZ_6_RAM

port map(CLK,WP_QDCTZ_6,RP_QDCTZ_6,II,QDCTZ_6,0UT_QDCTZ_6) ;

U_DCTZ_1_RAM : DCTZ_1_RAM

port map(CLK,WP_DCTZ_1,RP_DCTZ_1,II,IN_DCTZ_1,DCTZ_1);
U_DCTZ_2_RAM : DCTZ_2_RAM

port map(CLK,WP_DCTZ_2,RP_DCTZ_2,II,IN_DCTZ_2,DCTZ_2);
U_DCTZ_3_RAM : DCTZ_3_RAM

port map(CLK,WP_DCTZ_3,RP_DCTZ_3,II,IN_DCTZ_3,DCTZ_3);
U_DCTZ_4_RAM : DCTZ_4_RAM

port map(CLK,WP_DCTZ_4,RP_DCTZ_4,II,IN_DCTZ_4,DCTZ_4);
U_DCTZ_5_RAM : DCTZ_5_RAM

port map(CLK,WP_DCTZ_5,RP_DCTZ_5,II,IN_DCTZ_5,DCTZ_5);
U_DCTZ_6_RAM : DCTZ_6_RAM

port map(CLK,WP_DCTZ_6,RP_DCTZ_6,II,IN_DCTZ_6,DCTZ_6) ;

U_ALU : ALU port map(CLK,START_ALU,L_C_TABLE,SCALE,QDCTZ_K,DCTZ_K,DONE_ALU);
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process (CLK,RESET)begin
if (RESET="1’)then
CURRENT_STATE <= INIT;
elsif (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_DEQUANTIZATION,DONE_ALU,K,II)begin
case CURRENT_STATE is
when INIT =>
if (START_DEQUANTIZATION = ’1°’)then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= MAKE_QDCTZ_RAM;
else
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= INIT;
end if;
when MAKE_QDCTZ_RAM =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= IF_QDCTZ_RAM;
when IF_QDCTZ_RAM =>
if (IT < "111111")then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= II_QDCTZ_RAM_UP;
else
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= K_VALUE;
end if;
when II_QDCTZ_RAM_UP =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= MAKE_QDCTZ_RAM;

when K_VALUE =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= II_VALUE;
when II_VALUE =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
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NEXT_STATE <= MAKE_ALU;
when MAKE_ALU =>
if (DONE_ALU = ’1°)then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= MAKE_DCTZ_K;
else
START_ALU <= ’17;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= MAKE_ALU;
end if;
when MAKE_DCTZ_K =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= IF_II;
when IF_II =>
if (IT < "111111")then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= II_UP;
else
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= IF_K;
end if;
when II_UP =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0’;
NEXT_STATE <= MAKE_ALU;
when IF_K =>
if (K < "110")then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= K_UP;
else
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°’;
NEXT_STATE <= DCTZ_OUT_II_VALUE;
end if;
when K_UP =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0’;
NEXT_STATE <= II_VALUE;

when DCTZ_OUT_II_VALUE =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= DCTZ_O0UT;

when DCTZ_0UT =>
START_ALU <= ’0°’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= IF_DCTZ_0UT_II;
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when IF_DCTZ_OUT_II =>
if (IT < "111111")then
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= DCTZ_OUT_II_UP;
else
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’1°;
NEXT_STATE <= INIT;
end if;
when DCTZ_OUT_II_UP =>
START_ALU <= ’0’;
DONE_DEQUANTIZATION <= ’0°;
NEXT_STATE <= DCTZ_O0UT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = MAKE_QDCTZ_RAM)then
START_QDCTZ_IN <= ’17;
WP_QDCTZ_1 <= ’17;
WP_QDCTZ_2 <= ’17;
WP_QDCTZ_3 <= ’17;
WP_QDCTZ_4 <= ’17;
WP_QDCTZ_5 <= ’17;
WP_QDCTZ_6 <= ’17;

else
START_QDCTZ_IN <= ’07;
WP_QDCTZ_1 <= ’07;
WP_QDCTZ_2 <= ’0’;
WP_QDCTZ_3 <= ’0’;
WP_QDCTZ_4 <= ’0’;
WP_QDCTZ_5 <= ’07;
WP_QDCTZ_6 <= ’07;

end if;

end if;
end process;

process (CLK) begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = II_VALUE
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or CURRENT_STATE = IF_K or CURRENT_STATE = DCTZ_OUT_II_VALUE)then
IT <= "000000";
elsif (CURRENT_STATE = II_QDCTZ_RAM_UP or CURRENT_STATE = II_UP
or CURRENT_STATE = DCTZ_OUT_II_UP)then
IT <= II + 1;

end if;

end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = K_VALUE
or CURRENT_STATE = DCTZ_OUT_II_VALUE)then
K <= "001";
elsif (CURRENT_STATE = K_UP)then
K <= K + 1;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU <= ’1’)then

if (K = "001")then
RP_QDCTZ_1 <= ’1’;
QDCTZ_K <= 0OUT_QDCTZ_1;

elsif (K = "010")then
RP_QDCTZ_2 <= ’1’;
QDCTZ_K <= 0OUT_QDCTZ_2;

elsif (K = "011")then
RP_QDCTZ_3 <= ’1’;
QDCTZ_K <= 0OUT_QDCTZ_3;

elsif (K = "100")then
RP_QDCTZ_4 <= ’1’;
QDCTZ_K <= 0OUT_QDCTZ_4;

elsif (K = "101")then
RP_QDCTZ_5 <= ’1’;
QDCTZ_K <= 0OUT_QDCTZ_5;

elsif (K = "110")then
RP_QDCTZ_6 <= ’1°;
QDCTZ_K <= 0OUT_QDCTZ_6;

end if;
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else
RP_QDCTZ_1 <= ’0’;
RP_QDCTZ_2 <= ’0’;
RP_QDCTZ_3 <= ’0’;
RP_QDCTZ_4 <= ’0’;
RP_QDCTZ_5 <= ’0’;
RP_QDCTZ_6 <= ’0’;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU <= ’1’)then
if (K = "101" or K = "110")then
L_C_TABLE <= CHROMINANCEQTABLE(CONV_INTEGER(II));
else
L_C_TABLE <= LUMINANCEQTABLE(CONV_INTEGER(II));
end if;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_DCTZ_K)then
if (K = "001")then
WP_DCTZ_1 <= ’17;
IN_DCTZ_1 <= DCTZ_K;
elsif (K = "010")then
WP_DCTZ_2 <= ’1°’;
IN_DCTZ_2 <= DCTZ_K;
elsif (K = "011")then
WP_DCTZ_3 <= ’1°’;
IN_DCTZ_3 <= DCTZ_K;
elsif (K = "100")then
WP_DCTZ_4 <= ’1’;
IN_DCTZ_4 <= DCTZ_K;
elsif (K = "101")then
WP_DCTZ_5 <= ’1’;
IN_DCTZ_5 <= DCTZ_K;
elsif (K = "110")then
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WP_DCTZ_6 <= ’1°;
IN_DCTZ_6 <= DCTZ_K;
end if;
else
WP_DCTZ_1 <= ’0’;
WP_DCTZ_2 <= ’0’;
WP_DCTZ_3 <= ’0’;
WP_DCTZ_4 <= ’0’;
WP_DCTZ_5 <= ’0’;
WP_DCTZ_6 <= ’0’;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = DCTZ_0UT)then
RP_DCTZ_1 <= ’1°;
RP_DCTZ_2 <= ’17;
RP_DCTZ_3 <= ’17;
RP_DCTZ_4 <= ’17;
RP_DCTZ_5 <= ’17;
RP_DCTZ_6 <= ’17;
DONE_OUT_DCTZ_K <= ’17;

else
RP_DCTZ_1 <= ’0’;
RP_DCTZ_2 <= ’0’;
RP_DCTZ_3 <= ’0’;
RP_DCTZ_4 <= ’0’;
RP_DCTZ_5 <= ’0’;
RP_DCTZ_6 <= ’0’;
DONE_OUT_DCTZ_K <= ’07’;

end if;

end if;
end process;

end Behavioral;

3-2) ALUOOO

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;



use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ALU is
Port ( CLK : in std_logic;

START_ALU : in std_logic;
L_C_TABLE : in std_logic_vector(7 downto 0);
SCALE : in std_logic_vector(7 downto 0);
QDCTZ_K : in std_logic_vector (12 downto 0);
DCTZ_K : out std_logic_vector (12 downto 0);
DONE_ALU : out std_logic);

end ALU;

architecture Behavioral of ALU is

component MUL
Port ( CLK : in std_logic;
START_MUL : in std_logic;
MUL_IN_A : in std_logic_vector (12 downto 0);
MUL_IN_B : in std_logic_vector (12 downto 0);
MUL_OUT : out std_logic_vector (24 downto 0);
DONE_MUL : out std_logic);

end component;
type STATE is (INIT,MAKE_STEPSIZE,MAKE_DCZ_K,OUT_DCTZ_K) ;

signal CURRENT_STATE,NEXT_STATE : STATE;

signal MUL_IN_A,MUL_IN_B : std_logic_vector (12 downto 0);
signal MUL_OUT : std_logic_vector (24 downto 0);

signal START_MUL : std_logic;

signal DONE_MUL : std_logic;

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;
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- ALU MAIN CIRCUIT

process (CURRENT_STATE, START_ALU,DONE_MUL)begin
case CURRENT_STATE is
when INIT =>
if (START_ALU = ’1’)then
START_MUL <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_STEPSIZE;
else
START_MUL <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_STEPSIZE =>
if (DONE_MUL = ’1’)then
START_MUL <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_DCZ_K;
else
START_MUL <= ’17;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_STEPSIZE;
end if;
when MAKE_DCZ_K =>
if (DONE_MUL = ’1’)then
START_MUL <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= OUT_DCTZ_K;
else
START_MUL <= ’17;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_DCZ_K;
end if;
when OUT_DCTZ_K =>
START_MUL <= ’0’;
DONE_ALU <= ’17;
NEXT_STATE <= INIT;
end case;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_STEPSIZE)then
MUL_IN_A <= L_C_TABLE(7) & "00000" & L_C_TABLE(6 downto 0);
MUL_IN_B <= SCALE(7) & "00000" & SCALE(6 downto 0);
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elsif (CURRENT_STATE = MAKE_DCZ_K)then
MUL_IN_A <= MUL_OUT(24) & MUL_OUT(11 downto 0);
MUL_IN_B <= QDCTZ_K;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = OUT_DCTZ_K)then
if (MUL_OUT (23 downto 16) = 1)then
DCTZ_K <= MUL_OUT(24) & MUL_OUT(15 downto 12) &
(MUL_OUT (11 downto 4) and MUL_OUT(23 downto 16));
else
DCTZ_K <= MUL_OUT(24) & MUL_OUT(15 downto 4);
end if;
end if;
end if;
end process;

end Behavioral;

3-2-1) MULOOO

-- S13 X S13 0UT 825

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity MUL is
generic( IN_A_BIT : integer := 12;
IN_B_BIT : integer := 12;
OUT_BIT : integer := 24);

Port ( CLK : in std_logic;
START_MUL : in std_logic;
MUL_IN_A : in std_logic_vector (IN_A_BIT downto 0);
MUL_IN_B : in std_logic_vector (IN_B_BIT downto 0);
MUL_OUT : out std_logic_vector (OUT_BIT downto 0);
DONE_MUL : out std_logic);
end MUL;
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architecture Behavioral of MUL is

type STATE is (INIT,MAKE_OUT_SIGN,
MAKE_OUT_SUM,MAKE_MUL_QUT) ;

signal CURRENT_STATE,NEXT_STATE : STATE;
signal OUT_SUM : std_logic_vector (OUT_BIT - 1 downto 0);
signal OUT_SIGN : std_logic;

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_MUL) begin
case CURRENT_STATE is
when INIT =>
if (START_MUL = ’1’)then
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SIGN;
else
DONE_MUL <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_OUT_SIGN =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SUM;
when MAKE_QUT_SUM =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_MUL_0UT;
when MAKE_MUL_OUT =>
DONE_MUL <= ’17;
NEXT_STATE <= INIT;
end case;
end process;
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_Q0UT_SIGN)then

if ((MUL_IN_A(IN_A_BIT) = ’0’ and MUL_IN_B(IN_B_BIT)
(MUL_IN_A(IN_A_BIT) = ’1’ and MUL_IN_B(IN_B_BIT)
OUT_SIGN <= ’0’;

else
OUT_SIGN <= ’1’;

end if;

’0’) or
’1’))then

end if;
end if;

end process;

process (CLK) begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_QUT_SUM) then
OUT_SUM <= MUL_IN_A(IN_A_BIT - 1 downto 0) * MUL_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_MUL_OUT)then
if (QUT_SUM = O)then

MUL_OUT <= "0000000000000000000000000"; -- OUT_BIT + 1
else
MUL_OUT <= OUT_SIGN & QOUT_SUM;
end if;
end if;

end if;
end process;

end Behavioral;
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4) DCTOOOOOOO
4-1) coMOOO

library IEEE;
use IEEE.STD_LOGIC_1164.all;

package COM is

component DCTZ_1_RAM
Port ( CLK : in std_logic;

WP_DCTZ_1 : in std_logic;
RP_DCTZ_1 : in std_logic;
AD_DCTZ_1 : in std_logic_vector(5 downto 0);
IN_DCTZ_1 : in std_logic_vector(12 downto 0);
OUT_DCTZ_1 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_2_RAM
Port ( CLK : in std_logic;

WP_DCTZ_2 : in std_logic;
RP_DCTZ_2 : in std_logic;
AD_DCTZ_2 : in std_logic_vector(5 downto 0);
IN_DCTZ_2 : in std_logic_vector(12 downto 0);
OUT_DCTZ_2 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_3_RAM
Port ( CLK : in std_logic;

WP_DCTZ_3 : in std_logic;
RP_DCTZ_3 : in std_logic;
AD_DCTZ_3 : in std_logic_vector(5 downto 0);
IN_DCTZ_3 : in std_logic_vector(12 downto 0);
OUT_DCTZ_3 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_4_RAM
Port ( CLK : in std_logic;

WP_DCTZ_4 : in std_logic;

RP_DCTZ_4 : in std_logic;

AD_DCTZ_4 : in std_logic_vector(5 downto 0);
IN_DCTZ_4 : in std_logic_vector(12 downto 0);
OUT_DCTZ_4 : out std_logic_vector(12 downto 0));
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end component;

component DCTZ_5_RAM
Port ( CLK : in std_logic;

WP_DCTZ_5 : in std_logic;
RP_DCTZ_5 : in std_logic;
AD_DCTZ_5 : in std_logic_vector(5 downto 0);
IN_DCTZ_5 : in std_logic_vector(12 downto 0);
OUT_DCTZ_5 : out std_logic_vector(12 downto 0));

end component;

component DCTZ_6_RAM
Port ( CLK : in std_logic;

WP_DCTZ_6 : in std_logic;
RP_DCTZ_6 : in std_logic;
AD_DCTZ_6 : in std_logic_vector(5 downto 0);
IN_DCTZ_6 : in std_logic_vector(12 downto 0);
OUT_DCTZ_6 : out std_logic_vector(12 downto 0));

end component;

component YUV_1_RAM
Port ( CLK : in std_logic;

WP_YUV_1 : in std_logic;
RP_YUV_1 : in std_logic;
AD_YUV_1 : in std_logic_vector(5 downto 0);
IN_YUV_1 : in std_logic_vector(8 downto 0);
OUT_YUV_1 : out std_logic_vector(8 downto 0));

end component;

component YUV_2_RAM
Port ( CLK : in std_logic;

WP_YUV_2 : in std_logic;
RP_YUV_2 : in std_logic;
AD_YUV_2 : in std_logic_vector(5 downto 0);
IN_YUV_2 : in std_logic_vector(8 downto 0);
OUT_YUV_2 : out std_logic_vector(8 downto 0));

end component;

component YUV_3_RAM
Port ( CLK : in std_logic;

WP_YUV_3 : in std_logic;
RP_YUV_3 : in std_logic;
AD_YUV_3 : in std_logic_vector(5 downto 0);
IN_YUV_3 : in std_logic_vector(8 downto 0);
OUT_YUV_3 : out std_logic_vector(8 downto 0));

end component;
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component YUV_4_RAM
Port ( CLK : in std_logic;

WP_YUV_4 : in std_logic;
RP_YUV_4 : in std_logic;
AD_YUV_4 : in std_logic_vector(5 downto 0);
IN_YUV_4 : in std_logic_vector(8 downto 0);
OUT_YUV_4 : out std_logic_vector(8 downto 0));

end component;

component YUV_5_RAM
Port ( CLK : in std_logic;
WP_YUV_5 : in std_logic;
RP_YUV_5 : in std_logic;
AD_YUV_5 : in std_logic_vector(5 downto 0);
IN_YUV_5 : in std_logic_vector(8 downto 0);
OUT_YUV_5 : out std_logic_vector(8 downto 0));

end component;

component YUV_6_RAM
Port ( CLK : in std_logic;
WP_YUV_6 : in std_logic;
RP_YUV_6 : in std_logic;
AD_YUV_6 : in std_logic_vector(5 downto 0);
IN_YUV_6 : in std_logic_vector(8 downto 0);
OUT_YUV_6 : out std_logic_vector(8 downto 0));

end component;

component ALU
Port ( CLK : in std_logic;

START_ALU_SUM : in std_logic;
START_ALU_DCTZ_K : in std_logic;
FORWARDDCT_COS_TABLE_XU : in std_logic_vector(Q downto 0);
FORWARDDCT_COS_TABLE_YV : in std_logic_vector(Q downto 0);
CUCV : in std_logic_vector(9 downto 0);
YUV_K : in std_logic_vector(8 downto 0);
IN_SUM : in std_logic_vector(26 downto 0);
OUT_SUM : out std_logic_vector(26 downto 0);
OUT_DCTZ_K : out std_logic_vector(12 downto 0);
DONE_ALU : out std_logic);

end component;

end COM;
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4-2) FORWARDDCT_COS_TABLESO OO

library IEEE;
use IEEE.STD_LOGIC_1164.all;

package FORWARDDCT_COS_TABLES is

subtype FORWARDDCT_COS_WORD is std_logic_vector(9 downto 0);
type FORWARDDCT_COS_ARRAY is array(O to 63) of FORWARDDCT_COS_WORD;

constant FORWARDDCT_COS : FORWARDDCT_COS_ARRAY :=

(
"0100000000", "0100000000", - 0 1
"0100000000", "0100000000", - 2 3
"0100000000", "0100000000", -- 4 5
"0100000000", "0100000000", - 6 7
"0011111011", "0011010100", -- 8 9
"0010001110", "0000110001", -- 10 11
"1000110001", "1010001110", -- 12 13
"1011010100", "1011111011", -- 14 15
"0011101100", "0001100001", -- 16 17
"1001100001", "1011101100", -- 18 19
"1011101100", "1001100001", -- 2021
"0001100001", "0011101100", -- 22 23
"0011010100", "1000110001", -- 24 25
"1011111011", "1010001110", -- 26 27
"0010001110", "0011111011", -- 28 29
"0000110001", "1011010100", -- 30 31
"0010110101", "1010110101", -- 32 33
"1010110101", "0010110101", -- 34 35
"0010110101", "1010110101", -- 36 37
"1010110101", "0010110101", -- 38 39
"0010001110", "1011111011", -- 40 41
"0000110001", "0011010100", -- 42 43
"1011010100", "1000110001", -- 44 45
"0011111011", "1010001110", -- 46 47
"0001100001", "1011101100", -- 48 49
"0011101100", "1001100001", -- 50 51
"1001100001", "0011101100", -- 52 53
"1011101100", "0001100001", -- 54 55
"0000110001", "1010001110", -- 56 57
"0011010100", "1011111011", -- 58 b9
"0011111011", "1011010100", -- 60 61



"0010001110",  "1000110001" -- 62 63
)

end FORWARDDCT_COS_TABLES;

4-3) ForwardDct O O O

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

use work.FORWARDDCT_COS_TABLES.ALL;
use work.COM.ALL;

entity ForwardDct is
Port ( CLK,RESET : in std_logic;

START_FORWARDDCT : in std_logic;
YUV_1 : in std_logic_vector(8 downto 0);
YUV_2 : in std_logic_vector(8 downto 0);
YUV_3 : in std_logic_vector(8 downto 0);
YUV_4 : in std_logic_vector(8 downto 0);
YUV_5 : in std_logic_vector(8 downto 0);
YUV_6 : in std_logic_vector(8 downto 0);
DCTZ_1 : out std_logic_vector(12 downto 0);
DCTZ_2 : out std_logic_vector(12 downto 0);
DCTZ_3 : out std_logic_vector(12 downto 0);
DCTZ_4 : out std_logic_vector(12 downto 0);
DCTZ_5 : out std_logic_vector(12 downto 0);
DCTZ_6 : out std_logic_vector(12 downto 0);
START_YUV_IN : out std_logic;
DONE_OUT_DCTZ_K : out std_logic;
DONE_FORWARDDCT : out std_logic);

end ForwardDct;

architecture Behavioral of ForwardDct is

type STATE is (INIT,MAKE_YUV_RAM,IF_YUV_RAM,II_YUV_RAM_UP,
K_VALUE,UV_VALUE,II_VALUE,
MAKE_ALU_SUM,IF_II,II_UP,
MAKE_ALU_DCTZ_K,MAKE_DCTZ_K,
IF_UV,UV_UP,IF_K,K_UP,
DCTZ_OUT_UV_VALUE,DCTZ_0UT, IF_DCTZ_0OUT_UV,DCTZ_OUT_UV_UP);

signal CURRENT_STATE,NEXT_STATE : STATE;
signal K : std_logic_vector(2 downto 0);
signal II : std_logic_vector(5 downto 0);
signal UV : std_logic_vector(5 downto 0);
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signal WP_YUV_1,WP_YUV_2,WP_YUV_3,WP_YUV_4,WP_YUV_5,WP_YUV_6 : std_logic;
signal RP_YUV_1,RP_YUV_2,RP_YUV_3,RP_YUV_4,RP_YUV_5,RP_YUV_6 : std_logic;
signal WP_DCTZ_1,WP_DCTZ_2,WP_DCTZ_3,WP_DCTZ_4,WP_DCTZ_5,WP_DCTZ_6 : std_logic;
signal RP_DCTZ_1,RP_DCTZ_2,RP_DCTZ_3,RP_DCTZ_4,RP_DCTZ_5,RP_DCTZ_6 : std_logic;
signal OUT_YUV_1,0UT_YUV_2,0UT_YUV_3 : std_logic_vector(S downto 0);

signal OUT_YUV_4,0UT_YUV_5,0UT_YUV_6 : std_logic_vector(S downto 0);

signal IN_DCTZ_1,IN_DCTZ_2,IN_DCTZ_3 : std_logic_vector(12 downto 0);

signal IN_DCTZ_4,IN_DCTZ_5,IN_DCTZ_6 : std_logic_vector(12 downto 0);

signal START_ALU_SUM : std_logic;

signal START_ALU_DCTZ_K : std_logic;

signal FORWARDDCT_COS_TABLE_XU : std_logic_vector(Q downto 0);

signal FORWARDDCT_COS_TABLE_YV : std_logic_vector(Q downto 0);

signal DONE_ALU : std_logic;

signal DCTZ_K : std_logic_vector(12 downto 0);

signal YUV_K : std_logic_vector(8 downto 0);

signal IN_SUM : std_logic_vector(26 downto 0);

signal OUT_SUM : std_logic_vector (26 downto 0);

signal CUCV : std_logic_vector(9 downto 0);

U_YUV_1_RAM : YUV_1_RAM port map(CLK,WP_YUV_1,RP_YUV_1,II,YUV_1,0UT_YUV_1);
U_YUV_2_RAM : YUV_2_RAM port map(CLK,WP_YUV_2,RP_YUV_2,II,YUV_2,0UT_YUV_2);
U_YUV_3_RAM : YUV_3_RAM port map(CLK,WP_YUV_3,RP_YUV_3,II,YUV_3,0UT_YUV_3);
U_YUV_4_RAM : YUV_4_RAM port map(CLK,WP_YUV_4,RP_YUV_4,II,YUV_4,0UT_YUV_4);
U_YUV_5_RAM : YUV_5_RAM port map(CLK,WP_YUV_5,RP_YUV_5,II,YUV_5,0UT_YUV_5);
U_YUV_6_RAM : YUV_6_RAM port map(CLK,WP_YUV_6,RP_YUV_6,II,YUV_6,0UT_YUV_6) ;

U_DCTZ_1_RAM : DCTZ_1_RAM port map(CLK,WP_DCTZ_1,RP_DCTZ_1,UV,IN_DCTZ_1,DCTZ_1);
U_DCTZ_2_RAM : DCTZ_2_RAM port map(CLK,WP_DCTZ_2,RP_DCTZ_2,UV,IN_DCTZ_2,DCTZ_2);
U_DCTZ_3_RAM : DCTZ_3_RAM port map(CLK,WP_DCTZ_3,RP_DCTZ_3,UV,IN_DCTZ_3,DCTZ_3);
U_DCTZ_4_RAM : DCTZ_4_RAM port map(CLK,WP_DCTZ_4,RP_DCTZ_4,UV,IN_DCTZ_4,DCTZ_4);
U_DCTZ_5_RAM : DCTZ_5_RAM port map(CLK,WP_DCTZ_5,RP_DCTZ_5,UV,IN_DCTZ_5,DCTZ_5);
U_DCTZ_6_RAM : DCTZ_6_RAM port map(CLK,WP_DCTZ_6,RP_DCTZ_6,UV,IN_DCTZ_6,DCTZ_6);

U_ALU : ALU port map(CLK,START_ALU_SUM,START_ALU_DCTZ_K,
FORWARDDCT_COS_TABLE_XU, FORWARDDCT _COS_TABLE_YV,
CUCV,YUV_K,IN_SUM,0UT_SUM,DCTZ_K,DONE_ALU) ;
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process (CLK,RESET)begin
if (RESET=’1’)then
CURRENT_STATE <= INIT;
elsif (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

process (CURRENT_STATE, START _FORWARDDCT ,DONE_ALU,K,UV,II)begin
case CURRENT_STATE is
when INIT =>
if (START_FORWARDDCT = ’1°)then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0’;
NEXT_STATE <= MAKE_YUV_RAM;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= INIT;
end if;
when MAKE_YUV_RAM =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= IF_YUV_RAM;
when IF_YUV_RAM =>
if (IT < "111111")then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= II_YUV_RAM_UP;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= K_VALUE;
end if;
when II_YUV_RAM_UP =>
START_ALU_SUM <= ’0’;
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START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0’;
NEXT_STATE <= MAKE_YUV_RAM;

when K_VALUE =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= UV_VALUE;

when UV_VALUE =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= II_VALUE;

when II_VALUE =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= MAKE_ALU_SUM;

when MAKE_ALU_SUM =>

if (DONE_ALU = ’1’)then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= IF_II;

else
START_ALU_SUM <= ’1°;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= MAKE_ALU_SUM;

end if;

when IF_II =>

if (IT < "111111")then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= II_UP;

else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;

NEXT_STATE <= MAKE_ALU_DCTZ_K;

end if;

when II_UP =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= MAKE_ALU_SUM;

when MAKE_ALU_DCTZ_K =>
if (DONE_ALU = ’1°’)then
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START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0’;
NEXT_STATE <= MAKE_DCTZ_K;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’1°;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= MAKE_ALU_DCTZ_K;
end if;
when MAKE_DCTZ_K =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= IF_UV;

when IF_UV =>
if (UV < "111111")then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= UV_UP;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0’;
NEXT_STATE <= IF_K;
end if;
when UV_UP =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= II_VALUE;
when IF_K =>
if (K < "110")then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0’;
NEXT_STATE <= K_UP;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= DCTZ_OUT_UV_VALUE;
end if;
when K_UP =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= UV_VALUE;

when DCTZ_OUT_UV_VALUE =>
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START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= DCTZ_O0UT;
when DCTZ_0UT =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= IF_DCTZ_0UT_UV;
when IF_DCTZ_OUT_UV =>
if (UV < "111111")then
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= DCTZ_OUT_UV_UP;
else
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’17;
NEXT_STATE <= INIT;
end if;
when DCTZ_QOUT_UV_UP =>
START_ALU_SUM <= ’0’;
START_ALU_DCTZ_K <= ’0’;
DONE_FORWARDDCT <= ’0°’;
NEXT_STATE <= DCTZ_OUT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = MAKE_YUV_RAM)then
START_YUV_IN <= ’17;
WP_YUV_1 <= ’17;
WP_YUV_2 <= ’17;
WP_YUV_3 <= ’17;
WP_YUV_4 <= ’17;
WP_YUV_5 <= ’17;
WP_YUV_6 <= ’17;

else
START_YUV_IN <= ’0’;
WP_YUV_1 <= ’0’;
WP_YUV_2 <= ’0’;
WP_YUV_3 <= ’0’;
WP_YUV_4 <= ’0’;
WP_YUV_5 <= ’0’;
WP_YUV_6 <= ’0’;
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end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = II_VALUE
or CURRENT_STATE = MAKE_ALU_DCTZ_K)then
II <= "000000";
elsif (CURRENT_STATE = II_YUV_RAM_UP or CURRENT_STATE = II_UP)then
II <= II + 1;

end if;

end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = UV_VALUE
or CURRENT_STATE = IF_K or CURRENT_STATE = DCTZ_QOUT_UV_VALUE)then
UV <= "000000";
elsif (CURRENT_STATE = UV_UP or CURRENT_STATE = DCTZ_QUT_UV_UP)then
UV <= UV + 1;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = INIT or CURRENT_STATE = K_VALUE
or CURRENT_STATE = DCTZ_OUT_UV_VALUE)then
K <= "001";
elsif (CURRENT_STATE = K_UP)then
K <= K + 1;
end if;
end if;
end process;
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU_SUM <= ’1’)then
if (K = "001")then
RP_YUV_1 <= ’1’;

YUV_K <= QUT_YUV_1;

elsif (K = "010")then
RP_YUV_2 <= ’17;
YUV_K <= QUT_YUV_2;

elsif (K = "011")then
RP_YUV_3 <= ’17;
YUV_K <= QUT_YUV_3;

elsif (K = "100")then
RP_YUV_4 <= ’17;
YUV_K <= QUT_YUV_4;

elsif (K = "101")then
RP_YUV_5 <= ’1’;
YUV_K <= QUT_YUV_5;

elsif (K = "110")then
RP_YUV_6 <= ’1’;
YUV_K <= QUT_YUV_6;

end if;

else

RP_YUV_1 <= ’0’;

RP_YUV_2 <= ’0’;

RP_YUV_3 <= ’0’;

RP_YUV_4 <= ’0’;

RP_YUV_5 <= ’0’;

RP_YUV_6 <= ’0’;

end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU_SUM <= ’1’)then

FORWARDDCT_COS_TABLE_XU

<= FORWARDDCT_COS
(8*CONV_INTEGER (UV(2 downto

FORWARDDCT_COS_TABLE_YV

<= FORWARDDCT_COS
(8*CONV_INTEGER (UV(5 downto

0) )+CONV_INTEGER(II(2 downto 0)));

3) )+CONV_INTEGER(II(5 downto 3)));
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end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (II = "000000" and START_ALU_DCTZ_K <= ’0’)then
IN_SUM <= "000000000000000000000000000" ;
else
IN_SUM <= QUT_SUM;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (START_ALU_DCTZ_K <= ’1’)then
if (UV = "000000")then
CUCV <= "0010000000";
elsif (UV(5 downto 3)="000" or UV(2 downto 0)="000")then
CUCV <= "0010110101";
else
CUCV <= "0100000000";
end if;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_DCTZ_K)then
if (K = "001")then
WP_DCTZ_1 <= ’17;
IN_DCTZ_1 <= DCTZ_K;
elsif (K = "010")then
WP_DCTZ_2 <= ’1°’;
IN_DCTZ_2 <= DCTZ_K;
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elsif (K = "011")then
WP_DCTZ_3 <= ’1°;
IN_DCTZ_3 <= DCTZ_K;

elsif (K = "100")then
WP_DCTZ_4 <= ’1°;
IN_DCTZ_4 <= DCTZ_K;

elsif (K = "101")then
WP_DCTZ_5 <= ’1°;
IN_DCTZ_5 <= DCTZ_K;

elsif (K = "110")then
WP_DCTZ_6 <= ’1°;
IN_DCTZ_6 <= DCTZ_K;

end if;

else

WP_DCTZ_1 <= ’0’;

WP_DCTZ_2 <= ’0’;

WP_DCTZ_3 <= ’0’;

WP_DCTZ_4 <= ’0’;

WP_DCTZ_5 <= ’0’;

WP_DCTZ_6 <= ’0’;

end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then

if (CURRENT_STATE = DCTZ_0UT)then
RP_DCTZ_1 <= ’17;
RP_DCTZ_2 <= ’17;
RP_DCTZ_3 <= ’17;
RP_DCTZ_4 <= ’17;
RP_DCTZ_5 <= ’17;
RP_DCTZ_6 <= ’17;
DONE_OUT_DCTZ_K <= ’17;

else
RP_DCTZ_1 <= ’0’;
RP_DCTZ_2 <= ’0’;
RP_DCTZ_3 <= ’0’;
RP_DCTZ_4 <= ’0’;
RP_DCTZ_5 <= ’0’;
RP_DCTZ_6 <= ’0’;
DONE_OUT_DCTZ_K <= ’0’;

end if;

end if;
end process;

end Behavioral;



4-4) ALUO OO

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ALU is
Port ( CLK : in std_logic;

START_ALU_SUM : in std_logic;
START_ALU_DCTZ_K : in std_logic;
FORWARDDCT_COS_TABLE_XU : in std_logic_vector(Q downto 0);
FORWARDDCT_COS_TABLE_YV : in std_logic_vector(Q downto 0);
CUCV : in std_logic_vector(9 downto 0);
YUV_K : in std_logic_vector(8 downto 0);
IN_SUM : in std_logic_vector(26 downto 0);
OUT_SUM : out std_logic_vector(26 downto 0);
OUT_DCTZ_K : out std_logic_vector(12 downto 0);
DONE_ALU : out std_logic);

end ALU;

architecture Behavioral of ALU is

component MUL
Port ( CLK : in std_logic;
START_MUL : in std_logic;
MUL_IN_A : in std_logic_vector (13 downto 0);
MUL_IN_B : in std_logic_vector (13 downto 0);
MUL_OUT : out std_logic_vector (26 downto 0);
DONE_MUL : out std_logic);

end component;

component ADD
Port ( CLK : in std_logic;
START_ADD : in std_logic;
ADD_IN_A : in std_logic_vector (26 downto 0);
ADD_IN B : in std_logic_vector (26 downto 0);
ADD_OUT : out std_logic_vector(27 downto 0);
DONE_ADD : out std_logic);

end component;

type STATE is (INIT,IF_START,MAKE_FORWARDDCT_COS,MAKE_MUL_YUV,MAKE_ADD_SUM,
MAKE_QOUT_SUM,MAKE_MUL_CUCV,MAKE_QUT_DCTZ_K) ;

signal CURRENT_STATE,NEXT_STATE : STATE;
signal MUL_IN_A,MUL_IN_B : std_logic_vector(13 downto 0);
signal MUL_OUT : std_logic_vector(26 downto 0);
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signal ADD_IN_A,ADD_IN_B : std_logic_vector (26 downto 0);
signal ADD_OUT : std_logic_vector (27 downto 0);

signal START_MUL,START_ADD : std_logic;

signal DONE_MUL,DONE_ADD : std_logic;

begin

--  port map
U_MUL : MUL port map(CLK,START_MUL,MUL_IN_A,MUL_IN_B,MUL_OUT,DONE_MUL); -- S14 X S14 OUT 827
U_ADD : ADD port map(CLK,START_ADD,ADD_IN_A,ADD_IN_B,ADD_OUT,DONE_ADD); -- S27 X S27 OUT S28

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

process (CURRENT_STATE, START _ALU_SUM,START_ALU_DCTZ_K,DONE_MUL,DONE_ADD) begin
case CURRENT_STATE is
when INIT =>

if (START_ALU_SUM = °1°’ or START_ALU_DCTZ_K = ’1’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= IF_START;

else
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= INIT;

end if;

when IF_START =>

if (START_ALU_SUM = ’1°’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_FORWARDDCT_COS;

else
START_MUL <= ’0’;
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START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_MUL_CUCV;
end if;
when MAKE_FORWARDDCT_COS =>
if (DONE_MUL = ’1°)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_MUL_YUV;
else
START_MUL <= ’17;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_FORWARDDCT_COS;
end if;
when MAKE_MUL_YUV =>
if (DONE_MUL = ’1’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_ADD_SUM;
else
START_MUL <= ’1’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_MUL_YUV;
end if;
when MAKE_ADD_SUM =>
if (DONE_ADD = ’1°)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_OUT_SUM;
else
START_MUL <= ’0’;
START_ADD <= ’17;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_ADD_SUM;
end if;
when MAKE_QOUT_SUM =>
START_MUL <= ’0°’;
START_ADD <= ’0’;
DONE_ALU <= ’17;
NEXT_STATE <= INIT;

when MAKE_MUL_CUCV =>
if (DONE_MUL = ’1°’)then
START_MUL <= ’0’;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_OUT_DCTZ_K;
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else
START_MUL <= ’17;
START_ADD <= ’0’;
DONE_ALU <= ’0’;
NEXT_STATE <= MAKE_MUL_CUCV;
end if;
when MAKE_OUT_DCTZ_K =>
START_MUL <= ’0°’;
START_ADD <= ’0’;
DONE_ALU <= ’17;
NEXT_STATE <= INIT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_FORWARDDCT_CO0S)then
MUL_IN_A <= FORWARDDCT_COS_TABLE_XU & "0000";
MUL_IN_B <= FORWARDDCT_COS_TABLE_YV & "0000";
elsif (CURRENT_STATE = MAKE_MUL_YUV)then
MUL_IN_A <= MUL_OUT(26 downto 16) & "000"
MUL_IN_B <= YUV_K(8) & "000" & YUV_K(7 downto 0) & "00";
elsif (CURRENT_STATE = MAKE_MUL_CUCV)then
MUL_IN_A <= IN_SUM(26 downto 13);
MUL_IN_B <= CUCV & "0000";
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_ADD_SUM)then
ADD_IN_A <= IN_SUM;
ADD_IN_B <= MUL_QUT;
end if;
end if;
end process;
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process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_OUT_SUM)then
if (ADD_QOUT (26)=’1’)then
OUT_SUM <= (ADD_OUT(27) and ADD_QOUT(26)) & ADD_QOUT(25 downto 0);
else
OUT_SUM <= ADD_QOUT(27) & ADD_OUT(25 downto 0);
end if;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_OUT_DCTZ_K)then
OUT_DCTZ_K <= MUL_OUT(26 downto 14);
end if;
end if;
end process;

end Behavioral;

4-4-1) MULOOO

-- S14 X S14 0OUT 827

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity MUL is
generic( IN_A_BIT : integer := 13;
IN_B_BIT : integer := 13;
OUT_BIT : integer := 26);

Port ( CLK : in std_logic;

START_MUL : in std_logic;

MUL_IN_A : in std_logic_vector (IN_A_BIT downto 0);
MUL_IN_B : in std_logic_vector (IN_B_BIT downto 0);
MUL_OUT : out std_logic_vector (OUT_BIT downto 0);
DONE_MUL : out std_logic);

end MUL;
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architecture Behavioral of MUL is

type STATE is (INIT,MAKE_OUT_SIGN,
MAKE_OUT_SUM,MAKE_MUL_QUT) ;

signal CURRENT_STATE,NEXT_STATE : STATE;
signal OQUT_SUM : std_logic_vector(GUT_BIT - 1 downto
signal OUT_SIGN : std_logic;

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_MUL) begin
case CURRENT_STATE is
when INIT =>
if (START_MUL = ’1’)then
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SIGN;
else
DONE_MUL <= ’0’;
NEXT_STATE <= INIT;
end if;
when MAKE_OUT_SIGN =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_OUT_SUM;
when MAKE_QOUT_SUM =>
DONE_MUL <= ’0’;
NEXT_STATE <= MAKE_MUL_QUT;
when MAKE_MUL_OUT =>
DONE_MUL <= ’17;
NEXT_STATE <= INIT;
end case;
end process;

process (CLK) begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_OUT_SIGN)then
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>0’ and MUL_IN_B(IN_B_BIT)
’1’ and MUL_IN_B(IN_B_BIT)

’0’) or
’1’))then

if ((MUL_IN_A(IN_A_BIT)
(MUL_IN_A(IN_A_BIT)
OUT_SIGN <= ’0°;
else
OUT_SIGN <= ’1°;

end if;

end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_QUT_SUM) then
OUT_SUM <= MUL_IN_A(IN_A_BIT - 1 downto O) * MUL_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_MUL_OUT)then
if (QUT_SUM = O)then

MUL_OUT <= "000000000000000000000000000"; -- OUT_BIT + 1
else
MUL_OUT <= OUT_SIGN & QUT_SUM;
end if;
end if;
end if;

end process;
end Behavioral;

4-4-2) ADDOOO

-- 8527 X 827 0OUT S28
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
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entity ADD is
generic( IN_A_BIT : integer := 26;
IN_B_BIT : integer := 26;
OUT_BIT : integer := 27);

Port ( CLK : in std_logic;
START_ADD : in std_logic;
ADD_IN_A : in std_logic_vector (IN_A_BIT downto 0);
ADD_IN B : in std_logic_vector (IN_B_BIT downto 0);
ADD_OUT : out std_logic_vector (OUT_BIT downto 0);
DONE_ADD : out std_logic);
end ADD;

architecture Behavioral of ADD is

type STATE is (INIT,MAKE_NOSIGN_IN_AB,MAKE_RE_NOSIGN_IN_AB,
MAKE_OUT_SUM,MAKE_RE_OUT_SUM,MAKE_ADD_OUT) ;

signal CURRENT_STATE,NEXT_STATE : STATE;

signal NOSIGN_IN_A : std_logic_vector(IN_A_BIT downto 0);
signal RE_NOSIGN_IN_A : std_logic_vector (IN_A_BIT downto 0);
signal NOSIGN_IN_B : std_logic_vector(IN_B_BIT downto O0);
signal RE_NOSIGN_IN_B : std_logic_vector (IN_B_BIT downto 0);
signal OUT_SUM : std_logic_vector (OUT_BIT downto O0);

signal RE_OUT_SUM : std_logic_vector (OUT_BIT downto 0);

process (CLK)begin
if (CLK’event and CLK=’1’)then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;

process (CURRENT_STATE, START_ADD) begin
case CURRENT_STATE is
when INIT =>

if (START_ADD = ’1’)then
DONE_ADD <= ’0’;
NEXT_STATE <= MAKE_NOSIGN_IN_AB;

else
DONE_ADD <= ’0’;
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NEXT_STATE <= INIT;

end if;
when MAKE_NOSIGN_IN_AB =>

DONE_ADD <= ’0’;

NEXT_STATE <= MAKE_RE_NOSIGN_IN_AB;
when MAKE_RE_NOSIGN_IN_AB =>

DONE_ADD <= ’0’;

NEXT_STATE <= MAKE_OUT_SUM;
when MAKE_QOUT_SUM =>

DONE_ADD <= ’0’;

NEXT_STATE <= MAKE_RE_QUT_SUM;
when MAKE_RE_OUT_SUM =>

DONE_ADD <= ’0’;

NEXT_STATE <= MAKE_ADD_QUT;
when MAKE_ADD_OUT =>

DONE_ADD <= ’17;

NEXT_STATE <= INIT;
end case;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_NOSIGN_IN_AB)then
NOSIGN_IN_A <= ’0’ & ADD_IN_A(IN_A_BIT - 1 downto 0);
NOSIGN_IN_B <= ’0’ & ADD_IN_B(IN_B_BIT - 1 downto 0);
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_RE_NOSIGN_IN_AB)then
if (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’1’)then
RE_NOSIGN_IN_A <= not NOSIGN_IN_A;
RE_NOSIGN_IN_B <= not NOSIGN_IN_B;

elsif (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’0’)then
RE_NOSIGN_IN_A <= not NOSIGN_IN_A;
RE_NOSIGN_IN_B <= NOSIGN_IN_B;

elsif (ADD_IN_A(IN_A_BIT) = ’0’ and ADD_IN_B(IN_B_BIT) = ’1’)then

RE_NOSIGN_IN_A <= NOSIGN_IN_A;
RE_NOSIGN_IN_B <= not NOSIGN_IN_B;

else
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RE_NOSIGN_IN_A <= NOSIGN_IN_A;
RE_NOSIGN_IN_B <= NOSIGN_IN_B;
end if;
end if;
end if;
end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_Q0UT_SUM) then
OUT_SUM <= (°0’ & RE_NOSIGN_IN_A) + (°0’ & RE_NOSIGN_IN_B);
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
if (CURRENT_STATE = MAKE_RE_OUT_SUM)then
if (QUT_SUM(OUT_BIT) = ’1’)then
if (ADD_IN_A(IN_A_BIT) = ’1’ and ADD_IN_B(IN_B_BIT) = ’1’)then
RE_OUT_SUM <= 1’ & (not (OUT_SUM(OUT_BIT - 1 downto 0) + 1));
else
RE_OUT_SUM <= 0’ & (OUT_SUM(OUT_BIT - 1 downto 0) + 1);
end if;
else
if (ADD_IN_A(IN_A_BIT) = ’0’ and ADD_IN_B(IN_B_BIT) = ’0’)then
RE_OUT_SUM <= 0UT_SUM;
else
RE_OUT_SUM <= 1’ & (not (OUT_SUM(OUT_BIT - 1 downto 0)));
end if;
end if;
end if;
end if;

end process;

process (CLK)begin
if (CLK’event and CLK=’1’)then
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if (CURRENT_STATE = MAKE_ADD_OUT)then
if (RE_OUT_SUM(OUT_BIT - 1 downto 0) = O)then
ADD_QUT <= "0000000000000000000000000000" ;
else
ADD_QUT <= RE_OUT_SUM;
end if;
end if;
end if;
end process;
end Behavioral;

4-5) YUVKRAM (k=1,---,6)000

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity YUV_k_RAM is
Port ( CLK : in std_logic;

WP_YUV_k : in std_logic;
RP_YUV_k : in std_logic;
AD_YUV_k : in std_logic_vector(5 downto 0);
IN_YUV_k : in std_logic_vector(8 downto 0);
OUT_YUV_k : out std_logic_vector(8 downto 0));

end YUV_k_RAM;

architecture Behavioral of YUV_k_RAM is
subtype YUV_k_WORD is std_logic_vector(8 downto 0);
type YUV_k_ARRAY is array(0 to 63) of YUV_k_WORD;
signal YUV_k : YUV_k_ARRAY;
signal AD : std_logic_vector(5 downto 0);

process (CLK) begin
if (CLK’event and CLK = ’1’)then
if (WP_YUV_k = ’1’)then
YUV_k (CONV_INTEGER(AD_YUV_k)) <= IN_YUV_k;
end if;
end if;
end process;
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process (CLK)begin

if (CLK’event and CLK = ’1’)then
if (RP_YUV_k = ’1’)then
AD <= AD_YUV_k;

end if;
end if;
end process;

OUT_YUV_k <= YUV_k(CONV_INTEGER(AD));

end Behavioral;

5) DOO0O0OO00OODDOOOOO
5-1) 000D0OO0ODOO0O00O0DOOOO0OO

LIBRARY ieee,STD;
USE STD.TEXTIO.ALL;

USE ieee.std_logic_1164.ALL;

USE ieee.numeric_std.ALL;

USE ieee.std_logic_textio.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT Quantizati

PORT ( CLK,RESET :
START_QUANTIZATION :

on

in std_logic;

in std_logic;

SCALE : in std_logic_vector(7 downto 0);

DCTZ_1
DCTZ_2 :
DCTZ_3 :
DCTZ_4 :
DCTZ_5
DCTZ_6 :
QDCTZ_1 :
QDCTZ_2 :
QDCTZ_3 :
QDCTZ_4 :
QDCTZ_5 :
QDCTZ_6 :
START_DCT

in std_logic_vector(12
in std_logic_vector(12
in std_logic_vector(12
in std_logic_vector(12
in std_logic_vector(12
in std_logic_vector(12

out
out
out
out
out

out

Z_IN :

std_logic_vector(12
std_logic_vector (12
std_logic_vector (12
std_logic_vector (12
std_logic_vector (12
std_logic_vector (12
out std_logic;

DONE_OUT_QDCTZ_K : out std_logic;

DONE_QUANTIZATION :

downto
downto
downto
downto
downto
downto

downto
downto
downto
downto
downto

downto

out std_logic);
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END COMPONENT;

file LNV : TEXT is in "Encode_dct_k_bit_outfile.txt";
SIGNAL CLK,RESET : std_logic;

SIGNAL START_QUANTIZATION : std_logic;

SIGNAL SCALE : std_logic_vector(7 downto 0);
SIGNAL DCTZ_1 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_2 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_3 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_4 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_5 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_6 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_1 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_2 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_3 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_4 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_5 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_6 : std_logic_vector(12 downto 0);
SIGNAL START_DCTZ_IN : std_logic;

SIGNAL DONE_OUT_QDCTZ_K : std_logic;

SIGNAL DONE_QUANTIZATION : std_logic;

BEGIN
uut: Quantization PORT MAP(

CLK => CLK,
RESET => RESET,
START_QUANTIZATION => START_QUANTIZATION,
SCALE => SCALE,
DCTZ_1 => DCTZ_1,
DCTZ_2 => DCTZ_2,
DCTZ_3 => DCTZ_3,

DCTZ_4 => DCTZ_4,
DCTZ_5 => DCTZ_5,
DCTZ_6 => DCTZ_6,

QDCTZ_1 => QDCTZ_1,

QDCTZ_2 => QDCTZ_2,

QDCTZ_3 => QDCTZ_3,

QDCTZ_4 => QDCTZ_4,

QDCTZ_5 => QDCTZ_5,

QDCTZ_6 => QDCTZ_6,

START_DCTZ_IN => START_DCTZ_IN,

DONE_OUT_QDCTZ_X => DONE_OUT_QDCTZ_K,

DONE_QUANTIZATION => DONE_QUANTIZATION
)

PROCESS BEGIN

CLK <= ’1°;
wait for 5 ns;
CLK <= ’0°;

wait for 5 mns;
END PROCESS;
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RESET <= ’07;
SCALE <= "00010000";
START_QUANTIZATION <= ’1°;

PROCESS
variable LI : line;
variable DCTZ_1_DATA,DCTZ_2_DATA,DCTZ_3_DATA,
DCTZ_4_DATA,DCTZ_5_DATA,DCTZ_6_DATA : std_logic_vector (12 downto 0);
BEGIN
if (START_DCTZ_IN = ’1°’)then
readline (LNV, LI);
read(LI, DCTZ_1_DATA);
read(LI, DCTZ_2_DATA);
read(LI, DCTZ_3_DATA);
read(LI, DCTZ_4_DATA);
read(LI, DCTZ_5_DATA);
read(LI, DCTZ_6_DATA);
DCTZ_1 <= DCTZ_1_DATA;
DCTZ_2 <= DCTZ_2_DATA;
DCTZ_3 <= DCTZ_3_DATA;
DCTZ_4 <= DCTZ_4_DATA;
DCTZ_5 <= DCTZ_5_DATA;
DCTZ_6 <= DCTZ_6_DATA;
wait for 10 ns;
if (endfile(LNV))then
wait;
end if;
else
wait for 5 ns;
end if;
END PROCESS;
END;

LIBRARY ieee,STD;

USE STD.TEXTIO.ALL;

USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.ALL;

USE ieee.std_logic_textio.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS
COMPONENT DeQuantization

PORT ( CLK,RESET : in std_logic;
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START_DEQUANTIZATION : in std_logic;
SCALE : in std_logic_vector(7 downto 0);
QDCTZ_1 : in std_logic_vector (12 downto 0);
QDCTZ_2 : in std_logic_vector (12 downto 0);
QDCTZ_3 : in std_logic_vector (12 downto 0);
QDCTZ_4 : in std_logic_vector (12 downto 0);
QDCTZ_5 : in std_logic_vector (12 downto 0);
QDCTZ_6 : in std_logic_vector (12 downto 0);
DCTZ_1 : out std_logic_vector (12 downto 0);
DCTZ_2 : out std_logic_vector (12 downto 0);
DCTZ_3 : out std_logic_vector (12 downto 0);
DCTZ_4 : out std_logic_vector (12 downto 0);
DCTZ_5 : out std_logic_vector (12 downto 0);
DCTZ_6 : out std_logic_vector (12 downto 0);
START_QDCTZ_IN : out std_logic;
DONE_OUT_DCTZ_K : out std_logic;
DONE_DEQUANTIZATION : out std_logic);

END COMPONENT;

file LNV : TEXT is in "Encode_qdctz_k_bit_outfile.txt";
SIGNAL CLK,RESET : std_logic;

SIGNAL START_DEQUANTIZATION : std_logic;

SIGNAL SCALE : std_logic_vector(7 downto 0);
SIGNAL QDCTZ_1 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_2 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_3 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_4 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_5 : std_logic_vector(12 downto 0);
SIGNAL QDCTZ_6 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_1 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_2 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_3 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_4 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_5 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_6 : std_logic_vector(12 downto 0);
SIGNAL START_QDCTZ_IN : std_logic;

SIGNAL DONE_OUT_DCTZ_K : std_logic;

SIGNAL DONE_DEQUANTIZATION : std_logic;

BEGIN
uut: DeQuantization PORT MAP(

CLK => CLK,
RESET => RESET,
START_DEQUANTIZATION => START_DEQUANTIZATION,
SCALE => SCALE,
QDCTZ_1 => QDCTZ_1,
QDCTZ_2 => QDCTZ_2,
QDCTZ_3 => QDCTZ_3,
QDCTZ_4 => QDCTZ_4,
QDCTZ_5 => QDCTZ_5,
QDCTZ_6 => QDCTZ_6,
DCTZ_1 => DCTZ_1,
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DCTZ_2 => DCTZ_2,

DCTZ_3 => DCTZ_3,

DCTZ_4 => DCTZ_4,

DCTZ_5 => DCTZ_5,

DCTZ_6 => DCTZ_6,

START_QDCTZ_IN => START_QDCTZ_IN,

DONE_OUT_DCTZ_K => DONE_QUT_DCTZ_K,

DONE_DEQUANTIZATION => DONE_DEQUANTIZATION
)

PROCESS BEGIN

CLK <= ’1°;
wait for 5 ns;
CLK <= ’0°’;

wait for 5 mns;
END PROCESS;

RESET <= ’07;
SCALE <= "00010000";
START_DEQUANTIZATION <= ’1°;

PROCESS
variable LI : line;
variable QDCTZ_1_DATA,QDCTZ_2_DATA,QDCTZ_3_DATA,
QDCTZ_4_DATA,QDCTZ_5_DATA,QDCTZ_6_DATA : std_logic_vector(12 downto 0);
BEGIN
if (START_QDCTZ_IN = ’1’)then
readline (LNV, LI);
read(LI, QDCTZ_1_DATA);
read(LI, QDCTZ_2_DATA);
read(LI, QDCTZ_3_DATA);
read(LI, QDCTZ_4_DATA);
read(LI, QDCTZ_5_DATA);
read(LI, QDCTZ_6_DATA);
QDCTZ_1 <= QDCTZ_1_DATA;
QDCTZ_2 <= QDCTZ_2_DATA;
QDCTZ_3 <= QDCTZ_3_DATA;
QDCTZ_4 <= QDCTZ_4_DATA;
QDCTZ_5 <= QDCTZ_5_DATA;
QDCTZ_6 <= QDCTZ_6_DATA;
wait for 10 ns;
if (endfile(LNV))then
wait;
end if;
else
wait for 5 ns;
end if;
END PROCESS;
END;
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5-3) DCTOOUOOODODOOOOOODOOD

LIBRARY ieee,STD;

USE STD.TEXTIO.ALL;

USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.ALL;

USE ieee.std_logic_textio.ALL;

ENTITY testbench IS
END testbench;

ARCHITECTURE behavior OF testbench IS

COMPONENT ForwardDct
Port ( CLK,RESET : in std_logic;

START_FORWARDDCT : in std_logic;
YUV_1 : in std_logic_vector(8 downto 0);
YUV_2 : in std_logic_vector(8 downto 0);
YUV_3 : in std_logic_vector(8 downto 0);
YUV_4 : in std_logic_vector(8 downto 0);
YUV_5 : in std_logic_vector(8 downto 0);
YUV_6 : in std_logic_vector(8 downto 0);
DCTZ_1 : out std_logic_vector (12 downto 0);
DCTZ_2 : out std_logic_vector (12 downto 0);
DCTZ_3 : out std_logic_vector (12 downto 0);
DCTZ_4 : out std_logic_vector (12 downto 0);
DCTZ_5 : out std_logic_vector (12 downto 0);
DCTZ_6 : out std_logic_vector (12 downto 0);
START_YUV_IN : out std_logic;
DONE_OUT_DCTZ_K : out std_logic;
DONE_FORWARDDCT : out std_logic);

END COMPONENT;

file LNV : TEXT is in "Encode_yuv_k_bit_outfile.txt";
SIGNAL CLK,RESET : std_logic;
SIGNAL START_FORWARDDCT : std_logic;
SIGNAL YUV_1 : std_logic_vector(8 downto 0);
SIGNAL YUV_2 : std_logic_vector(8 downto 0);
SIGNAL YUV_3 : std_logic_vector(8 downto 0);
SIGNAL YUV_4 : std_logic_vector(8 downto 0);
SIGNAL YUV_5 : std_logic_vector(8 downto 0);
SIGNAL YUV_6 : std_logic_vector(8 downto 0);
SIGNAL DCTZ_1 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_2 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_3 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_4 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_5 : std_logic_vector(12 downto 0);
SIGNAL DCTZ_6 : std_logic_vector(12 downto 0);
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SIGNAL START_YUV_IN :
SIGNAL DONE_OUT_DCTZ_K :
SIGNAL DONE_FORWARDDCT :

BEGIN

std_logic;
std_logic;
std_logic;

uut: ForwardDct PORT MAP(

)

CLK => CLK,

RESET => RESET,
START_FORWARDDCT => START_FORWARDDCT,
YUV_1 => YUV_1,
YUV_2 => YUV_2,
YUV_3 => YUV_3,
YUV_4 => YUV_4,
YUV_5 => YUV_5,
YUV_6 => YUV_6,
DCTZ_1 => DCTZ_1,
DCTZ_2 => DCTZ_2,
DCTZ_3 => DCTZ_3,
DCTZ_4 => DCTZ_4,
DCTZ_5 => DCTZ_5,
DCTZ_6 => DCTZ_6,

START_YUV_IN =>
DONE_OUT_DCTZ_K
DONE_FORWARDDCT

START_YUV_IN,
=> DONE_OUT_DCTZ_K,
=> DONE_FORWARDDCT

PROCESS BEGIN

END PROCESS;

CLK <= ’1°;
wait for 5 ns;
CLK <= ’0°;

wait for 5 mns;

START_FORWARDDCT <= ’17;

RESET <=

PROCESS

variab

variab

BEGIN
if (START_YUV_IN = ’1’)then
readline (LNV, LI);

read(LI,
read(LI,
read(LI,
read(LI,
read(LI,
read(LI,
YUV_1 <=
YUV_2 <=
YUV_3 <=

le
le

707;

LI : line;
YUV_1_DATA,YUV_2_DATA,YUV_3_DATA,

YUV_4_DATA,YUV_5_DATA,YUV_6_DATA :

YUV_1_DATA);
YUV_2_DATA);
YUV_3_DATA);
YUV_4_DATA);
YUV_5_DATA);
YUV_6_DATA) ;
YUV_1_DATA;
YUV_2_DATA;
YUV_3_DATA;

76

std_logic_vector(8 downto 0);



YUV_4 <= YUV_4_DATA;
YUV_5 <= YUV_5_DATA;
YUV_6 <= YUV_6_DATA;
wait for 10 ns;
if (endfile(LNV))then
wait;

end if;

else
wait for 5 ns;

end if;

END PROCESS;
END;

6) O0O00D0DDOoooOoOoOoocoood

#include "rgbdata_01.h"
#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define PAI 3.1415926536

#define HORIZONTALSIZE_CONTROL 16 /*horizontalsize controlx/
#define VERTICALSIZE_CONTROL 16 /*verticalsize controlx/
#define SCALE_CONTROL 1.0 /*scale control (0 - 7)x/

void encode(void);

void decode(void);

void encode_outfile(void);

void encode_yuv_k_bit_outfile(void) ;
void encode_dct_k_bit_outfile(void);
void encode_qdctz_k_bit_outfile(void);
void decode_outfile(void);

void rgbfileout(void);
void yuvfileout(void);
void yuv_kfileout (void);
void dct_kfileout(void);
void qdctz_kfileout(void) ;

void convertrgbyuv(void);
void composemcu(void);
void decomposemcu(void) ;
void convertyuvrgb(void);
void forwarddct(void);
void quantization(void);
void dequantization(void) ;
void inversedct(void);

void carrybit(int number,int bits);
FILE *str_ptr;
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int horizontalsize = HORIZONTALSIZE_CONTROL,
verticalsize = VERTICALSIZE_CONTROL;

double scale = SCALE_CONTROL;
int y[16][16],ul[16][16],v[16]1[16];

int yuv_1[8][8],yuv_2[8][8],yuv_3[8][8],
yuv_4[8][8] ,yuv_5[8][8] ,yuv_6[8][8];

int dct_1[8]1[8],dct_2[81[8],dct_3[8]1[8],
dct_4[8]1[8],dct_5[8][8],dct_6[8][8];

int qdctz_1[64],qdctz_2[64],qdctz_3[64],
qdctz_4[64],qdctz_5[64],qdctz_6[64];

int luminanceqtable[64] = { 16, 11, 10, 16,
12, 12, 14, 19,
14, 13, 16, 24,
14, 17, 22, 29,
18, 22, 37, 56,
24, 35, bb, 64,
49, 64, 78, 87,
72, 92, 95, 98,

int chrominanceqtable [64] = { 17, 18,
18, 21,
24, 26,
47, 66,
99, 99,
99, 99,
99, 99,
99, 99,

111711711111117771777777171717777
//
//  main()
//
11171171111111777177777171717777
main(){
encode();
encode_outfile();
encode_yuv_k_bit_outfile();
encode_dct_k_bit_outfile();
encode_qdctz_k_bit_outfile();

decode () ;

decode_outfile();
return(0) ;

L11177177171777711717177177777

24,
26,
56,
99,
99,
99,
99,
99,
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24,
26,
40,
51,
68,
81,

103,
112,

47,
66,
99,
99,
99,
99,
99,
99,

40,
58,
57,
87,
109,
104,
121,
100,

99,
99,
99,
99,
99,
99,
99,
99,

51,
60,
69,
80,
103,
113,
120,
103,

99,
99,
99,
99,
99,
99,
99,
99,

61,
55,
56,
62,
7,
92,
101,
99%};

99,
99,
99,
99,
99,
99,
99,
99,

99,
99,
99,
99,
99,
99,
99,
99};



//
//  encode()
//
[111717777177777717711777717717
void encode(void)
{
convertrgbyuv() ;
composemcu() ;
forwarddct();
quantization();

printf ("Encode end\n");
}

[11111717777777171777/7/17/777777

//

// encode_yuv_k_bit_outfile()

//

[111117777777717171777/7/11777777
void encode_yuv_k_bit_outfile(void)
{

int yy,xx;

printf ("Encode_yuv_bit_outfile start\n");

/* Display Encode end */

/* Display Encode_rgb_bit_outfile start */

str_ptr = fopen("Encode_yuv_k_bit_outfile.txt","w" ;

for(yy=0 ; yy<8 ; yy++){
for(xx=0 ; xx<8 ; xx++){
carrybit (yuv_1T[yy] [xx],9);
fputs(" ",str_ptr);
carrybit (yuv_2[yy] [xx],9);
fputs(" ",str_ptr);
carrybit (yuv_3[yyl [xx],9);
fputs(" ",str_ptr);
carrybit (yuv_4[yy] [xx],9);
fputs(" ",str_ptr);
carrybit (yuv_5[yy] [xx],9);
fputs(" ",str_ptr);
carrybit (yuv_6 [yy] [xx],9);
fputs("\n",str_ptr);
}
}
fclose(str_ptr);

printf ("Encode_yuv_k_bit_outfile end\n");

}

[111117777777717171777/1/11777777

//

// encode_dct_k_bit_outfile()

//

[11111777777771771777/7/17777/777
void encode_dct_k_bit_outfile(void)
{
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int yy,xx;
printf ("Encode_dctz_bit_outfile start\n"); /* Display Encode_dctz_k_bit_outfile start */
str_ptr = fopen("Encode_dct_k_bit_outfile.txt","w" ;

for(yy=0 ; yy<8 ; yy+H){
for(xx=0 ; xx<8 ; xx++){
carrybit(dct_1[yy] [xx],13);

fputs(" ",str_ptr);
carrybit(dct_2[yy] [xx],13);
fputs(" ",str_ptr);
carrybit (dct_3[yy] [xx],13);
fputs(" ",str_ptr);
carrybit (dct_4[yy] [xx],13);
fputs(" ",str_ptr);
carrybit (dct_5[yy] [xx],13);
fputs(" ",str_ptr);

carrybit (dct_6[yy] [xx],13);
fputs("\n",str_ptr);

}
fclose(str_ptr);

printf ("Encode_dctz_k_bit_outfile end\n"); /* Encode_dctz_k_bit_outfile end */

11171171111111777177777171777777
//
// encode_qdctz_k_bit_outfile()
//
11171171111111777177777171777777
void encode_gdctz_k_bit_outfile(void)
{
int yy;
/* Display Encode_qdctz_k_bit_outfile start */
printf ("Encode_qdctz_bit_outfile start\n");

str_ptr = fopen("Encode_qdctz_k_bit_outfile.txt","w");

for(yy=0 ; yy<64 ; yy++){
carrybit(qdctz_1[yy],13);

fputs(" ",str_ptr);
carrybit(qdctz_2[yy],13);
fputs(" ",str_ptr);
carrybit(qdctz_3[yy]l,13);
fputs(" ",str_ptr);
carrybit(qdctz_4[yy],13);
fputs(" ",str_ptr);
carrybit(qdctz_5[yy],13);
fputs(" ",str_ptr);

carrybit (qdctz_6[yy],13);
fputs("\n",str_ptr);
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fclose(str_ptr);

printf ("Encode_qdctz_k_bit_outfile end\n");

[11171777717771771771177777717
//
//  decode()
//
[111717717777777717711777717717
void decode(void)
{

printf ("Decode start\n");

dequantization();
inversedct();
decomposemcu() ;
convertyuvrgb() ;

printf ("Decode end\n");

11171171111111777177777171777777
//
//  encode_outfile()
//
[11711711111117771777771717717777
void encode_outfile(void)
{
printf ("Encode_outfile start\n");

str_ptr = fopen("Encode_outfile.txt","w");

/* Encode_qdctz_k_bit_outfile end */

/* Display Decode start */

/* Display Decode out */

/* Display Encode_outfile start */

fprintf (str_ptr,"horizontalsize = %4d\n" ,horizontalsize);

fprintf (str_ptr,"verticalsize = %4d\n",verticalsize);

fprintf (str_ptr,"scale = %1.4f\n\n",scale);

fputs("r g b\n", str_ptr);
rgbfileout();

fputs("convertrgbyuv\n", str_ptr);

fputs("y u v\n", str_ptr);
yuvfileout();

fputs("composemcu\n", str_ptr);

fputs("yuv_k\n", str_ptr);
yuv_kfileout () ;

fputs("forwarddct\n", str_ptr);
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fputs("dct_k\n", str_ptr);
dct_kfileout();

fputs("quantization\n", str_ptr);

fputs("qdctz_k\n", str_ptr);
qdctz_kfileout();

fclose(str_ptr);

printf ("Encode_outfile end\n");

11171171111111777177777171717777
//

//  decode_outfile()

//
111711717111117771777771717717777
void decode_outfile(void)

{

printf ("Decode_outfile start\n");

str_ptr = fopen("Decode_outfile.txt","w");

fputs("decode start\n\n", str_ptr);
fputs("dequantization\n", str_ptr);

fputs("dct_k\n", str_ptr);
dct_kfileout();

fputs("inversedct\n", str_ptr);

fputs("yuv_k\n", str_ptr);
yuv_kfileout () ;

fputs("decomposemcu\n", str_ptr);

fputs("y u v\n", str_ptr);
yuvfileout();

fputs("convertyuvrgb\n", str_ptr);

fputs("r g b\n", str_ptr);
rgbfileout();

fclose(str_ptr);

printf ("Decode_outfile end\n");
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/*dct_k file outx*/

/*quantization file out*/

/*qdctz_k file out*/

/* Display Encode_outfile end */

/* Display Decode_outfile start */

/*dequantization file out*/

/*dct_k file outx*/

/*inversedct file out*/

/*yuv_k file outx/

/*decomposemcu file out*/

/*yuv file outx*/

/*convertyuvrgb file out*/

/*rgb file outx*/

/* Display Decode_outfile end */



[11171777717777771771177777717
//

//  rgbfileout()

//
[11171777777777771771177777717
void rgbfileout(void)

{
int yy,xx;
/*r*/
fputs("r \n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)
fprintf (str_ptr,"%4d",r[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);
/xgx/
fputs("g\n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)
fprintf (str_ptr,"%4d",glyy]l [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);
/*bx/
fputs("b \n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)
fprintf (str_ptr,"%4d",blyy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);
}
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//
//
//

yuvfileout ()

L111171771717717717717177177777

void yuvfileout(void)

{

}

int yy,xx;

/xy*/

fputs("y\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)

fprintf (str_ptr,"%4d",ylyy]l [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*ux/

fputs("u\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)

fprintf (str_ptr,"%4d" ,ulyyl [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/xvx/

fputs("v\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 16 ; xx++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 16 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 16 ; xx++)

fprintf (str_ptr,"%4d",viyyl [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

L11117177171777717717177171777
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//
//  yuv_kfileout ()
//
[111717777177777717711777717717
void yuv_kfileout(void)
{
int yy,xx;
/*yuv_1x%/
fputs("yuv_1\n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy+){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",yuv_1[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

/*yuv_2%/

fputs("yuv_2\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)

fprintf (str_ptr,"%4d",yuv_2[yy] [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*yuv_3%/

fputs("yuv_3\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)

fprintf (str_ptr,"%4d",yuv_3[yy] [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*yuv_4ax*/
fputs("yuv_4\n", str_ptr);
fputs(" ", str_ptr);
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for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",yuv_4[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

/*yuv_5x*/

fputs("yuv_5\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)

fprintf (str_ptr,"%4d",yuv_5[yy] [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*yuv_6*/

fputs("yuv_6\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf (str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)

fprintf (str_ptr,"%4d",yuv_6[yy] [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

11171171111111777177777171777777
//

//  dct_kfileout ()

//
11171171711111777177777171777777
void dct_kfileout (void)

{
int yy,xx;
/*dct_1%/
fputs("dct_1\n", str_ptr);
fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
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fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",dct_1[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

/*dct_2x%/
fputs("dct_2\n", str_ptr);
fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",dct_2[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

/*dct_3%/
fputs("dct_3\n", str_ptr);
fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xx++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",dct_3[yyl [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

/*dct_4x/
fputs("dct_4\n", str_ptr);
fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",dct_4[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);
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/*dct_5x%/

fputs("dct_5\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)

fprintf (str_ptr,"%4d",dct_5[yy] [xx]);

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*dct_6%/
fputs("dct_6\n", str_ptr);
fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy++){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",dct_6[yy] [xx]);
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);

[111711777777777717717177777717
//
//  qdctz_kfileout()
//
[111717777717777771771177777717
void qdctz_kfileout(void)
{
int yy,xx;
/*qdctz_1%/
fputs("qdctz_1\n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);
fputs("\n", str_ptr);
for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){
fprintf (str_ptr,"%4d",qdctz_1[yy*8+xx]);
}
fputs("\n", str_ptr);
}
fputs("\n", str_ptr);
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/*qdctz_2%/

fputs("qdctz_2\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){

fprintf (str_ptr,"%4d",qdctz_2[yy*8+xx]);

}

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*qdctz_3*/

fputs("qdctz_3\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){

fprintf (str_ptr,"%4d",qdctz_3 [yy*8+xx]);

}

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*qdctz_4x/

fputs("qdctz_4\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){

fprintf (str_ptr,"%4d",qdctz_4[yy*8+xx]);

}

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*qdctz_5x/
fputs("qdctz_5\n", str_ptr);
fputs(" ", str_ptr);
for(xx=0 ; xx < 8 ; xXxX++)
fprintf(str_ptr,"%4d",xx);
fputs("\n", str_ptr);
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}

for(yy=0 ; yy < 8 ; yy+){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){

fprintf (str_ptr,"%4d",qdctz_5[yy*8+xx]);

}

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

/*qdctz_6%/

fputs("qdctz_6\n", str_ptr);

fputs(" ", str_ptr);

for(xx=0 ; xx < 8 ; xXxX++)
fprintf (str_ptr,"%4d",xx);

fputs("\n", str_ptr);

for(yy=0 ; yy < 8 ; yy+t){
fprintf(str_ptr,"%4d",yy);
for(xx=0 ; xx < 8 ; xx++){

fprintf (str_ptr,"%4d",qdctz_6[yy*8+xx]);

}

fputs("\n", str_ptr);

}

fputs("\n", str_ptr);

L11117177171777711717177177777

/!
//
//

convertrgbyuv()

L11117177171771717717177177777

void convertrgbyuv(void)

{

int yy,xx;
double yf[16]1[16],uf[16]1[16],vE[16][16];

for(yy=0 ; yy < 16 ; yy++){
for(xx=0 ; xx < 16 ; xx++){

y lyy] [xx]=0; /*y[16]1[161 OO OO */
ulyyl [xx]=0; /*ul16]1[161 OO OO */
v[yy] [xx]=0; /xv[16]1[161 00 OO */

}

for(yy=0 ; yy < verticalsize ; yy++){
for(xx=0 ; xx < horizontalsize ; xx++){
yf[yy] [xx] = 0.0000;
uf [yy] [xx] = 0.0000;
vE[yyl [xx] = 0.0000;

yf [yy] [xx] (double)r[yyl [xx] * 0.2990
+ (double)glyy] [xx] * 0.5870
+ (double)blyyl [xx] * 0.1140;
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yIlyyl [xx] = (int)yf[yy] [xx];

uf [yy] [xx] =-(double)r[yy] [xx] * 0.1684
- (double)glyy] [xx] * 0.3316
+ (double)blyyl [xx] * 0.5000;

ulyyl [xx] = (int)uf [yy] [xx];

vf[yy] [xx] = (double)r[yy] [xx] * 0.5000
- (double)glyy] [xx] * 0.4187
- (double)blyyl [xx] * 0.0813;

viyyl [xx] = (int)vf [yy] [xx];

}

[11171177777771771771177777717
//
//  composemcu()
//
[11171777777771771771177777717
void composemcu(void)
{
int yy,xx;
for(yy=0 ; yy<8 ; yy+H){
for(xx=0 ; xx<8 ; xx++){
yuv_1[yyl [xx] = ylyyl [xx] - 128;
yuv_2[yy]l [xx] = ylyy] [xx+8] - 128;
yuv_3[yy]l [xx] = ylyy+8] [xx] - 128;
yuv_4[yy]l [xx] = ylyy+8] [xx+8] - 128;
yuv_5[yy] [xx] = ulyy*2] [xx*2];
yuv_6 [yy] [xx] v[yy*2] [xx*2] ;

}

[1117177777777177717777177777717
//
//  decomposemcu()
//
[11177777777771771771177777717
void decomposemcu(void)
{
int yy,xx;
for(yy=0 ; yy<8 ; yy+H){
for(xx=0 ; xx<8 ; xx++){
ylyyl [xx] = yuv_1[yy] [xx] + 128;
ylyyl [xx+8] = yuv_2[yy] [xx] + 128;
ylyy+81 [xx] = yuv_3[yy] [xx] + 128;
y [yy+81 [xx+8] = yuv_4[yy] [xx] + 128;
ulyy*2] [xx*2] = ulyy*2] [xx*2+1]
=ulyy*2+1] [xx*2] = ulyy*2+1] [xx*2+1]
v yy*2] [xx*2] = v[yy*2] [xx*2+1]
=v [yy*2+1] [xx*2] = v[yy*2+1] [xx*2+1]

yuv_5[yy] [xx];

yuv_6[yy] [xx];
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}

11171171111111777177777171777777
//
// convertyuvrgb ()
//
11171171711111777177777171777777
void convertyuvrgb(void)
{
int yy,xx;
double rf[16][16],gf[16][16],bf[16][16];
for(yy=0 ; yy < verticalsize ; yy++){
for(xx=0 ; xx < horizontalsize ; xx++){
rflyy] [xx] = (double)ylyy] [xx] + (double)v[yy] [xx] * 1.4020;
rlyyl [xx] = (int)rf [yy] [xx];
if(rlyyl [xx] < 0)
rlyyl [xx] = 0;
else if(r[yy] [xx] > 255)
rlyyl [xx] = 255;

gf[yy] [xx] = (double)yl[yy] [xx] - (double)ulyy] [xx] * 0.3441 - (double)v[yyl[xx] * 0.7139;
glyyl [xx] = (int)gf [yy] [xx];
if(glyyl [xx] < 0)
glyyl [xx] = 0;
else if(glyy] [xx] > 255)
glyyl [xx] = 255;

bf [yy] [xx] = (double)yl[yy] [xx] + (double)ulyyl[xx] * 1.7718 - (double)v[yyl [xx] * 0.0012;
blyyl [xx] = (int)bf [yy] [xx];
if (blyyl [xx] < 0)
blyyl [xx] = 0;
else if(b[yy] [xx] > 255)
blyyl [xx] = 255;

}

111177171117717171177771117777777
//
//  forwarddct()
//
1111771711177771711177177117177777
void forwarddct(void)
{

int vv,uu,yy,Xx;

double cv,cu;

double sum_1,sum_2,sum_3,

sum_4,sum_5,sum_6;

for(vv=0 ; vv<8 ; vv++){
if(vv == 0)
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cv
else
cv =
for (uu=0
if (uu
cu
else
cu

sum_1
sum_4

1.0 / sqrt(2.0);

1.0;

; uu<8 ; uut+){

== 0)

=1.0 / sqrt(2.0);

=1.0;
= sum_2 = sum_3 =
= sum_5 = sum_6 = 0.0;

for(yy=0 ; yy<8 ; yy+H){
for(xx=0 ; xx<8 ; xx++){

}

dct_1
dct_2
dct_3
dct_4
dct_5
dct_6

sum_1 = sum_1 + (double)yuv_1[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*cos((2.0 * (double)yy + 1.0) * (double)vv

sum_2 = sum_2 + (double)yuv_2[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*xcos((2.0 * (double)yy + 1.0) * (double)vv

sum_3 = sum_3 + (double)yuv_3[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*cos((2.0 * (double)yy + 1.0) * (double)vv

sum_4 = sum_4 + (double)yuv_4[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*cos((2.0 * (double)yy + 1.0) * (double)vv

sum_5 = sum_5 + (double)yuv_5[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*cos((2.0 * (double)yy + 1.0) * (double)vv

sum_6 = sum_6 + (double)yuv_6[yy] [xx]
*cos((2.0 * (double)xx + 1.0) * (double)uu
*cos((2.0 * (double)yy + 1.0) * (double)vv

[vv][uu]l = (int)(sum_1 * cu * cv / 4.0);
[vv][uu]l] = (int)(sum_2 * cu * cv / 4.0);
[vv][uu]l] = (int)(sum_3 * cu * cv / 4.0);
[vv][uu]l = (int)(sum_4 * cu * cv / 4.0);
[vv] [uu]l] = (int)(sum_5 * cu * cv / 4.0);
[vv][uu]l] = (int)(sum_6 * cu * cv / 4.0);

L11117177771777717717177177777

//
//

quantization()
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//
[11171771777777771771177717717
void quantization(void)
{
int vv,uu,ii;
double stepsizel[64];
int dctz_1[64],dctz_2[64],dctz_3[64],
dctz_4[64],dctz_5[64],dctz_6[64];
double signl,sign2,sign3,sign4,signb5,sign6;

for(vv=0 ; vv<8 ; vv++){
for(uu=0 ; uu<8 ; uu++){
dctz_1[vv*8+uul] = dct_1[vv] [uul;
dctz_2[vv*8+uul] = dct_2[vv] [uul;
dctz_3[vv*8+uul] = dct_3[vv] [uul;
dctz_4[vv*8+uul] = dct_4[vv] [uul;
dctz_5[vv*8+uul] = dct_5[vv] [uul;
dctz_6[vv*8+uul] = dct_6[vv] [uul;

}
for(ii=0 ; ii<63 ; ii++){
if(dctz_1[ii] == 0)

signl = 0.0;

else if(dctz_1[ii] > 0)
signl = 1.0;

else

signl = -1.0;

if(dectz_2[ii] == 0)

sign2 = 0.0;

else if(dctz_2[ii] > 0)
sign2 = 1.0;

else
sign2 = -1.0;

if(detz_3[ii] == 0)

sign3 = 0.0;

else if(dctz_3[ii] > 0)
sign3 = 1.0;

else
sign3 = -1.0;

if(dctz_4[ii] == 0)

signd = 0.0;

else if(dctz_4[ii] > 0)
signd = 1.0;

else

signd = -1.0;

if(dctz_5[ii] == 0)
signb = 0.0;
else if(dctz_5[ii] > 0)

94



signb = 1.0;
else

signb -1.0;

if(dctz_6[ii] == 0)

sign6é = 0.0;

else if(dctz_6[ii] > 0)
sign6é = 1.0;

else

sign6é = -1.0;

stepsize[ii] = (double)luminanceqtable[ii] * (double)scale;
qdctz_1[ii] = (int) (((double)dctz_1[ii] + signl * stepsize[ii]
qdctz_2[ii] (int) (((double)dctz_2[ii] +

qdctz_3[ii] (int) (((double)dctz_3[ii] + sign3 * stepsizel[ii]
qdctz_4[ii] (int) (((double)dctz_4[ii] +

sign2 * stepsizel[ii]

sign4 * stepsizel[ii]

stepsize[ii] = chrominanceqtable[ii] * (double)scale;
qdctz_5[ii] (int) (((double)dctz_5[ii] + signb * stepsizel[ii]
qdctz_6[ii] (int) (((double)dctz_6[ii] + sign6 * stepsizel[ii]

[11171177777777771771177777717
//
//  dequantization()
//
[11171177777777771771177777717
void dequantization(void)
{
int vv,uu,ii;
double stepsizel[64];
double dctz_1[64],dctz_2[64],dctz_3[64],
dctz_4[64],dctz_5[64] ,dctz_6[64];

for(ii=0 ; ii<63 ; ii++){
stepsize[ii] = (double)luminanceqtable[ii] * (double)scale;
dctz_1[ii] = (double)qdctz_1[ii] * stepsizel[iil];

dctz_2[ii] = (double)qdctz_2[ii] * stepsizel[ii];
dctz_3[ii] = (double)qdctz_3[ii] * stepsizel[ii];
dctz_4[ii] = (double)qdctz_4[ii] * stepsizel[ii];
stepsize[ii] = (double)chrominanceqtable[ii] * (double)scale;

dctz_5[ii] = (double)qdctz_5[ii] * stepsizel[ii];
dctz_6[ii] = (double)qdctz_6[ii] * stepsizel[ii];

for(vv=0 ; vv<8 ; vv++){
for(uu=0 ; uu<8 ; uu++){
dct_1[vv] [uu]l = (int) (dctz_1[vv*8+uul);
dct_2[vv] [uul (int) (dctz_2[vv*8+uu] ) ;
dct_3[vv] [uul (int) (dctz_3[vv*8+uu] ) ;
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dct_4[vv] [uul
dct_5[vv] [uul
dct_6[vv] [uul

L11117177171777717717177177777

/!
/!
//

inversedct ()

L11117177171777717717177177777

void inversedct(void)

{

int yy,xx,vv,uu;

double cv,cu;

double sum_1,sum_2,sum_3,

sum_4,

sum_5,sum_6;

for(yy=0 ; yy<8 ; yy+H){

(int) (dctz_4[vv*8+uu] ) ;
(int) (dctz_5[vv*8+uu] ) ;
(int) (dctz_6[vv*8+uu] ) ;

for(xx=0 ; xx<8 ; xx++){
sum_1 = sum_2 = sum_3 =
sum_4 = sum_5 = sum_6 = 0.0;
for(vv=0 ; vv<8 ; vv++){
if(vv == 0)
cv = 1.0 / sqrt(2.0);
else
cv = 1.0;
for(uu=0 ; uu<8 ; uu++){
if (uu == 0)
cu = 1.0 / sqrt(2.0);
else
cu = 1.0;
sum_1 = sum_1 + cu * cv * (double)dct_1[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
sum_2 = sum_2 + cu * cv * (double)dct_2[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
sum_3 = sum_3 + cu * cv * (double)dct_3[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
sum_4 = sum_4 + cu * cv * (double)dct_4[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
sum_5 = sum_5 + cu * cv * (double)dct_5[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
sum_6 = sum_6 + cu * cv * (double)dct_6[vv] [uu]
* cos((2.0 * (double)xx + 1.0) * (double)uu *
* cos((2.0 * (double)yy + 1.0) * (double)vv *
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}

yuv_1[yy]l [xx] = (int) (sum_1 / 4.0);
yuv_2[yy]l [xx] = (int) (sum_2 / 4.0);
yuv_3[yy]l [xx] = (int) (sum_3 / 4.0);
yuv_4[yy]l [xx] = (int) (sum_4 / 4.0);
yuv_5[yy]l [xx] = (int) (sum_5 / 4.0);
yuv_6[yy] [xx] = (int) (sum_6 / 4.0);

}

[11171777777771771777177777717
//
//  carrybit()
//
[11171777717771771771177717717
void carrybit(int number,int bits)
{
int ii;
float fnumber;
char bit[17];

fnumber = (float) (abs(number));

for(ii=bits-1 ; ii>=0 ; ii--){
if(ii == 0){
if (number >= 0)
bit[ii]l = ’0’;

else
bit[ii]l = ’17;
}
elseq{
if ((int) fnumber == 0)
bit[ii]l = ’0°;
else if(fnumber/2 == (int)fnumber/2)
bit[ii]l = ’0’;
else
bit[ii] = ’1°;
fnumber = (float) ((int) (fnumber/2.0));
}

}
for(ii=0 ; ii<bits ; ii++)
fprintf (str_ptr,")c",bit[ii]);
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6-1) rgbdata 01.hO OO

int r[16][16] = {{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,

int g[16]1[16] = {{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,

255,
255,

255,
255,
5,

255,
255,
5,

255,
255,
5,

255,
255,
5,

255,
255,

255,
255,

255,
255,
5,

255,
255,
5 s

255,
255,
5,

255,
255,
5 s

255,
255,

255,
255,

255,
255,
5 s

255,
255,
5,

255,
255,
5,

255,
255,
5,

255,
255,

255,
255,
5,

255,
255,
5,

255,
255,
5,

255,
255,
5,

255,
255,

255,
255,
5,

255,
255,
5 s

255,
255,
5,

255,
255,
5 s

255,
255,
98

2565,
2565,
5 3

255,
255,
5,

2565,
2565,
5 3

255,
255,
5,

2565,
2565,

2565, /*00%/
2553},
5, /*01x/
5%},
265, /*02%/
2553},
5, /*03x/
5%},
2565, /*04%*/
2553},
5, /*05x/
5%},
2565, /*06%/
2553},
5, /*07x/
5%},
265, /*08%/
2553},
5, /*09%/
5%},
2565, /*10%/
2553},
5, /*11x/
5%},
265, /*12%/
2553},
5, /*13%/
5%},
265, /*14%/
2553},
5, /*16x/
5}};

2565, /*00%*/
2553},
5, /*01x/
5%},
2565, /*02%/
2553},
5, /*03%/
5%},
2565, /*04%*/
2553},
5, /*05%/
5%},
2565, /*06%/
2553},
5, /*07*/
5%},
2565, /*08%/
2553},



{ 5,

5,
{255,
255,
{ 5,

5,
{255,
255,
{ 5,

5,
{255,
255,
{ 5,

5,

int b[16][16] = {{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
{255,
255,
{ 5,
5,
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5, /*09%/
5%},
2565, /*10%/
2553},
5, /*11x/
5%},
265, /*12%/
2553},
5, /*13%/
5%},
265, /*14%/
2553},
5, /*16x/
5}};

2565, /*00%/
2553},
5, /*01x/
5%},
2565, /*02%/
2553},
5, /*03%/
5%},
265, /*04%*/
2553},
5, /*05x/
5%},
2565, /*06%/
2553},
5, /*07x/
5%},
2565, /*08%/
2553},
5, /*09%/
5%},
265, /*10%/
2553},
5, /*11x/
5%},
265, /*12%/
2553},
5, /*13%/
5%},
265, /*14%/
2553},
5, /*16x/
5}};
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