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ENCODE DECODE CIRCUIT DESIGN USING VHDL
'MR. NOPPADOL MUANGCHEOY
MR BUNCHUAY RATTAPAIBOON
Dr. SOMSAK CHUMCHUAY ADVISOR
ACADEMIC YEAR 1996
ABSTRACT )
This project concerns the design of Encoder and Decoder circuit for transferring  digital
information . Convolutional codes method is used because the systematic code had the qualification
of noncastastrophic . When this code has already passed through the Encode process, it will be no
problem about inverse matrix of generator in the Decoding process. These lead to the correct
information encode in' case of it .is mistaken owing to the factors. The information will be devided into
a small size in the Encode process that Ko bit is one of each part size and we call it the information
frame then it passed the Encode process to be codeword frame which is no bit size . The Encode
Generator polynomial is mean by used as G(X) = I1t P(X) | , on the Decode side.circuié can be |
done by using Inverse matrix G(X). Decode circuit can check and s<.)lve the occurrence of
information mistake by the parity matrix H to find syndrome which is related with the error pattern of
information.
* In practice , we can use the other digital' accessory such as shift register , exclusive OR and
other gates , combined together in order to get the qualification of Encoder and Decoder circuit .
VHDL (\_/HSIC Hardware Description Language) is used in this project to design Encode and Decode.
With VHDL , the design task can be simpler and design time can saved.
In this thesis, the hardward of Systematic Convolutional code is implemented . Size of
the code is (12,6) . VHDL language is used in designing and testing of the circuit. The

encoder consists of 1 bit input and 2 bit 6utput.
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120, 10. 12 1110111001 1010011011
220101 10111011001 10001101111

124 12,15 101110110001 110010111101

(26. 13. 16) t101101010001 10001101111

(23. 14, 16) 10111101110001 1100101001 11014
19.3. 3) 101 11 i1
(12.4.10) 1101 1011 L1t
(13,510 10101 11011 IERN
118. 6. 13) 111001 110101 101111
(21.7.15) 1101101 1010011 1ottt
{24.3. 16) 1010100t 10011011t 1101t
t27.9. 18) LLT101104 0011011 100100111
130. 10. 20 111001001 1010111101 F1011001 11

{33. 11,22
{36. 12, 24

139. 13.24)

(<2, 14, 26)
2. 3. 10
{16. 4. 13)
(20. 3. 16}
(24.6.18)
128. 7. 20y
(32.8.22)
136.9. 24
(<0. 10. 27)
(< 11.29)
=S, 12,32
(320 13,33
136. 14, 36)

11010111001
111011111001
1101101010001

10011101101
110010111101
1011110110001

10111110011
10101101001 |
10001 1O 1111

10100101 110001 L0001 101 L IOt 1] 1101010011111
{01 Ll 11 il
1101 (011 1011 Lt
10101 11011 1011t frett
110101 111011 100111 10111
1011101 1011101 1110011 110011
10111001 10111101 11010011 11110111
110011001 10111010t 110110111 10100t 111
1111001001 1010111101 1101100111 (101010111
11101011001 11010111001 10011101101 10111110011
11101111001 11001011110t 101011010011 101101001111
1010011001001 1111110010101 [101111011011 1110101110111
11010010010001 1011110011001 111010101101 11 LL111010110111

3 ﬂﬁ 12 lﬂuﬂ”ﬁuﬁm Noncatastrophic binary convolutional coder.ﬁ:ym maximam fru distance.



2.6 T7TN1IMT syndrome ¥BI39930BATHA

'
v o

Taoa T lumssunas lasudsufifaueioiuaves v Falszauaan
convolutional code word 1iQ% error patiem Tag
-V =c+e
FAUS1ENNTORIUIY syndrame Taon
S = VHT = eHT
Tag S unU syndrome fifaduan error
86731579 syndrome Y84 infinite length 2995 decoder MAT0H syndrome Fanualaua
decoder 9zfinsanTABSUMUIY syndrome 970 E1WTRS S frnhuimaznauazszamse
ATIAAGFLTES S FiRaMsAATIN syndrome 1504 34 decoder 9xTms TS
f}'mum syndrome Q% error-pattern segment “ﬁ;l‘ﬂuﬂ"llﬂﬂﬁﬁﬂﬂylﬁﬂsyndrome uﬁiazuuu if}i]
decoder WBUMY syndrome Tioglumisafies ATTAATIVNAIUVEL code word ﬁﬁﬂ%yQﬂ'lﬁ;

(31ANEIZULUVYEY syndrome AN TagludI881UIAIT19LANY1I99T decoder 90

(12,9) Wyner-Ash code Fanaadiugyl 13

Timing butter i

X
e

Lf-l_ 3
<

Senal ]
recetved T | 4

bits

Address
devode
loge

i + +
AN

—— + )

51l 2.13 2995 80ATHEUUIA (12,9) WU Wyner -Ash code
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v ¥ ¥
93U 13 codeword 32 MAWIFI5 decoder uuvBYRTY Hazazulaslnogludnuue

b4 L4 E4 y
s

VOIAUVUI ng, 1A UAZsyndrome ILAMUIUYBUNTUVD parity bit 917 information bits ATUIN

i = d' ’w d'v Y 3 ¢ 3 =

vuazszTouiounai iy partybit Hunn suduseeimumes
. . » v [l
syndrome bit Wifia single error TwsuusnFsannsounlyla TaogUuuuaes single error iy
¥ 5 ¥ d’ d' o Ve
T laTusilsuusnuaz 3 bit 43nU83 syndrome laueraalugilfl 14 10317 14 Funalarmn
' 0 v [ 4
error 1A TUMSNUSA UNUSAVD syndrome bit ztuTnAivenIuRe emor 1@ HAULIY frame
usnUEEaN 2 INNMA0ITUBNAWMUIVDY bit TUAA error
c‘ 3 4; v v v L 4
g 13 muinaauaulszezgnlylulsssmnisssgnesauuulum Tassasiaves
v v L 4 ¢y b »
codeword 11 1a320AY parity bit a0t lumssmsaansadansla
’ v t 4 v L
Uy milaNAavUAUINT decoder AIFUAMAIIDTINIVUIAGAUANAY syndrome reyster
v v . Y v Y v . v é ’ 1) v
szasegaun v winluun lvezaawaln luvansonstaunmsuaeula $93579 v luntsunly
’ £ * ¥ ¥ ¥
syndrome register JograieIsaaiu Fusteroun lulaelyds deil
. v ' v E4 y ¥
1. TAuns set syndrome register Intilu 0 Tuumaznam eror lagnunuar
v Ed Y
2. 199U syndrome lyasiaunan syndrome register
Act

bt acd @ v . . ; .:;
Tumsun TaoiusaiiudnuueRirnyuee single-error-correcting coder uIU3ET 2 5702

v [ y
Tolugduuuieniu

~ Error Pattern Syndrome

Fourth Third Second First

Frame Frame Frame Frame

------- 0000 0000 0001 (S
0000 0000 0010 011
0000 0000 0100 101
0000 0000 1000 001
0000 000t 0000 110
0000 0010 0000 1to
0000 0100 0000 0to
0000 1000 0000 010
0001 0000 0000 100
0010 0000 0000 100
0100 0000 0000 100
1000 0000 0000 100

3U7 2.14 uaAITUIUUYDY error YU (12,9) Wyner-Ash code




23

Timing
buffer

Seral
data in

P

0ot bt

010Q1l

00010

Test for one of the following:

01101
11011
10011

Yes

Test for one of the following:

r—A

i A > — 1
V\ ——

00101 0L L1l Yes
00010 1 1001
_,@_,_@ 0101 10001
Y
o
7U% 2.15 3e9snRATHTYUIA (6,3)

Error Pattern Syndrome

Fourth Third Second First

Frame Frame Frame Frame
""""" 00 00 01 0011t
00 00 10 00101
00 00 I 00010
00 01 01 0100
00 1.0 (VI 01101
0t 00 01 [ O
1 0 0.0 01 1001
00 0: 1 1 0 01011
00 1 0 I 0 Ot 111
01 00 1 0 11001
1 0 00 | 0 10001

317 2.16 urrasgUuL error 484 convolutional code 11 (6,3)




91031l 3 2993 (6,3) double-error correcting code 32113995 decoder A3 15 TAgns

¥ 1 4 y ]
decoder H3ZUAITN syndrome gl 16 Tauluaaesil zansonsI9n two emrors 71 iAanely
- . v v ¥y '
6 Unusn 1aun1s feedback 9299AIIN syndrome register 2w lUMIUA error MAAYUINTIEN
| A . 14 ‘v v
code 111u1% syntematic code information bit 32QNNDATHAIIN codeword NgAABILAIIAIIITH

Y = 2 o 9 ” o
19 92 relationship [ = GCD[x2+x+1gx2+1]=x(x2+x+1)Hx+1)(x2+1) Tumislyneasa
e ¢ ' v '

2esoeasianngy 15 dutluleesiiluauysar mswddlisyndromer Mithilyladnundids
. t 4 1 4 1 4 E4 b 4 b 4 ’
Tulathunly Taendnnisuadinisooasasemsely  emor patern laglyensw syndromer #

v . I v
AMITOVEY syndrome memory 19 UATuMsUHUAMNSIAGA code NI block length MUABINISUT

wilumadeniidaniunsuiuge performane

Error Pattern Syndrome
000000000001 P00
DODOVDON0D T | FL1000
DOD000000 1O IR RN
DO0N00O0 100 P 1A N
DOODOBOT OO oriri1o0l
DOONDOOTOON O} [ I ) I
NO00ODT00000 1 110001
DOOOLODOODO] P 0001
COOTOU0O0000 ] L0100l
D0THO0DD00NGT L1000l
010000000001 D100l
FO0POOO00DO ] D100
000000000010 N0000 1 _
000000000 10 1100711
QO0POOOO LD 10 D00
DOOPOOO LB 10 L0100
DO00O00DI00DN TN POOTOI
D00POTO0OHT0 NO1T00I
DOO0ODLOOOOD0 T D D000
000100000610 PLO0O0I
00100000010 nroonod
Dronooo00nt foo000
o000t F00oo

37 2.17 ueraeg Uiy error 494 convolutional code 41A (12,6)
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o ! ¢ o d! dy ¥ o
1‘1491’]0&‘14?1’?\711015'1%31‘!?15&11 (12,6) convolutional code ¥ code UFAWMNTNUUA error 2 UN
1 4 [] . 0

Tu 12 dnusn Taezly syndrome decoding Aauaadlumsgl 17 1ngUi 18 aauvuIzUaAs
erTor patterns f1 error 1iAlY information bit tazluaIUANAD error pattern A error U parity
bit A TUIAR error 1M information bit

Tugifl 18 1Wiaaes decoder fiTI0ABUINYY syndromer TAAIIN eror Tufalu
information bit UA decoder 92 1N MIT0 A5799Y uncorrectable

v dv dI o b 4 L4 t 4

aulugUi 19 102995 decoder iTMT0ATI93Y errorlauazannsoun v lammie emor

'
=

fnan1olu limits Y9015 design

Serial/puarailel Serial
conversion information

5 >\’j —

3

____jL Test for one of the following:
Scriu! 11 1001 | O I
datain 1110006 110001 |VYes
00t o011l 101001
P11 011 01 1001
01 1101
A A A A +

514 2.18 29es00ATHEUIA (12,6)
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Serial/parallel

e Serul
conversion formation
1 [ [ ) .
— || : | T\ g
N Y Y ¥ _ L
f ————*6\*@*‘0 Test for one of the tollowing:
Seral ~T111001 L1110}
data in | (111000 1 1000 t]VYes
‘ 001011 101001
N [ T S O I O 011001
Ol 1101
A 4 A A A A
—_—
Y
4 Uncorrectable-
error flag
[ Test tor one of the rollowing:
1000001 001001
e N\ .~ of

‘00001 | 100001 /[Yes
G- 0WBI 7 Ct\ T IRD 0
000101

7UN 2.19 FrRNITROATHIIIA (12,6)
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4
un”N3
L = =
AANNISVLINYIIR B AR
Je¥Ausa (VEDL) 8941910A171 VHSIC Hardware Description Language (VHSIC
1 = I3 a .
49u191N Very High Speed Integrated Circuit) vflummaaummasszﬂuqa (High Level
P a ° aa L4 L4 a s o
Language) #aldofumahnuvesszuudlasagiauds  amnsaldefuefandums
b4
vinauldnans qszdy Awdszsduudentudeszduinn anududouvesszuuaiTo:
-t .‘.’ v [ o o « : <t o .’.’
Woulddauaszdum  dszaeudusuiiuszuufiauysal sUtuuvesmvieriuoany
wisznouludao 2 daulng q 1Aun davesnuidniwdua (Siquimtial Language ) iag
MYINDUIABTITUN (Concurrent Language ) 113 1Usunsudea i desdusaannsaiou
v
189 2 suuuswdu wsizlumsinvesszuyle 9 sauszimsyiamlunuy aau
b d ]
Fuauar neumesisun agsaniu  usnvniidintilisvusadimansessuisinisiioy
[] ' ' y 9 Y] a 9y My a =) -3
AoTzvinszuudey q ihdlmuwe iduszuulngld fnwilesdusausniines
Amuaguunlensel (Syntax) veawmuwds flinsasieasunnununeveswioniy
MNerdyaadu (Simulation) 1An3ely  msizTsunsuidoulasiosdusadsaruns sy
o o a P ' o o o
yaaFuGuNuAn ( Semantics ) 8819 lsnauuiannsziinmdudoulugluuunas
® v a [ q 0 to
ngintisiveenIYl uamsGoudisauidinvesnimunseti ¥ nulae lisududes
el v ¥
AnuisvaziBeanamuaienIndanyesaneasenun I gdmsumsesnuuudua

aa o A 1 o
2aesfiflvuiadndanesiitivuia lvauasdudou




23

317U NITOVBIN T UDFADA (CAPABILITY)
o - a ¥ & a v Y a ajv ¥
C -dhawrhevAuearusa lfiudenanlumsuannffousznindrdadiiudeen
1wuy (CAD Tools)
- Mfumsdenanlunmsuanuldoudoaissenindied (CAE) uaz¥iadna (CAD
T a 3 ¥ =3 =t o ¥ o
Tools) (5usInTH doa 1A (Source Code) voelavAUDa aunsonoylwd layldneyind
Y e Qs 1 [
(a3 (Compiler) azyyanss (Simulator ) lavargiunnatafiu
- audierAusamivayumsesnuuy wuuReda1d (Top Down Design) uag
v
HUVTMNBUSY (Botom  Up Design) MIaMaufiuma 2 uyy
-sanutieraneaiuiuuialy (Generic) Ae ludunaTulatduladuniia
a =t < Y o v by «
aunsadunaTuladlanld uazluvaidsadufansariuayuvateq malulad
b4
- eTUAYUNTEBANUUNITZUUFA TATWE (Synchronous ) 1804 1A (
Asynchronous )
- avfuyumsesauuszuAsaea Tunats  mata i T Turicanuusdu
(Finite State Machine) , ganasnzin (Algorithmic ) n%’aﬁummﬁu (Boolean Equation )
- famyieyaneaiiuninsigwiusealag [EEE uaz ANSI vhldluea
4 s 3 o o 1
annsanasuiiolufiszuule q 218 vazawnsaiindunlsinigla
a a ' 9 4
- mydesAueamnsesuuaziinudhle 18 Tnouywd
< ot W Pt 2 v v - =3 L4
- myTesausamivayutiuumsidouda 3duuy 1dun nuutieWliees
( Behavioral Style) HUUTNTAMDSA (Structural Style ) uuuAd1IWad (Data Flow ) 138
b d
AWINVLUTINAUT 3 Julluy
- mivaunseenuuuvalug Iasldamaunsavesdiuiseney (Component
),ﬂﬁ*ﬁ'ﬂwh%maf (Function Procedure) URAZUNAINA (Package)
- Tusuiludesfimuaseriiuad (Software) Syammesmrzdyamdulunadmse
WouldTalsmuesduoa 1wuiu
= v 10 & 1Y o o o’ ﬁ'i
- aunsalouauaa lavua bisiia lulidedinaludanmyisesvuinvesluea (
4? 1 e I's o«
Jusgnuanmilg)
a la o 44 o ‘9 .
- mnsadousiinedundsifonuadsunadiunal 19U Propagation Delay
, Min-Max Delay, Setup , Holding Time, Spige Detection amnsastue ldnoludinin
- 1uSnd (GENERICS ) wifistauisoaddnysvesgduuy (Design)
[ v J ¥
- Tuwaiiadudon i devaneaiiu lifsauderafineflandunsiaumniu

UATIE NS0T N85 asDoavae 1AR (YU Total Area Az Speed ¥841uiAQ
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- myhestusadiunanguilflasuSinuasdesnuuumas q uva axuia

" a’ e y-q-- a ¥ ) 1
Wumsdofisgianudle fandhezinnnumaa q

a v Ay o ° b 4 1 e 1

- Twmanaddumunsodasamsiianld moehdudanividaseaey

Tnnssinedudyamduiunudn 1ide
=) ) =t =t L4 as

- nsesuto Tumadonvudieviieesauise Synthesis TUiduszdunnanaldd
NAWNHUDI Synthesis Guideline

- finnuaansonifisesauuudeyavialmi  ldi IdSesdusaTiaa Wuns
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3.3nanmsadeluina lnon1y 1o vAusa (General VHDL Modelling Principles)
- a > P o v a o ¢ 2 ¢ a4
Jevdusailunfilddmiveenmsinuvesasanrs iugduyuresuisu
2 ' aa ] 1 3
Wl Famelumsadfnuazesnuuuiaessiualiaea uaz audszneuan q o19ly
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93 U0TEVUMISZUY nioeTinuifissundin Feogluglves Component Block 91miuf
v v v
Winsiiasamsiinu (Sinulate) Taofigduuuiudelildadniuese wiamiswasglugy
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Y9I T UIONIUU (Textual Format) aanIsiraneamsiianau lemuiidenisvaii
Y1A17 Synthesis 1ol [AevsiAnianase 1
Yz TomniaTaveansl¥ Jwwvdusaillu Design Tools umumsaduduiuy
(Prototype ) YUV59 ABITIA T80 Product Idea , product Proposal , Product
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Specification (Hudnyuzlugdues Texr vimiufthluneundiieq Timing M3t
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Wudiuvueseld Feduuvunaiiaiurieuldeseansiz18dins Simulare Sovudon
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) to 9 vy a £ Y a a & °
wud Inoluisuiiudea it fesnuuuniesueldile dawlievfusassinonisiaume -
ludeguda dudnlszmsniladfe anudesmslumsnidoulasasauds Aldeen
v A o ] Y a & v e ' o a
HUUHAT f1971 MADINNAT LU INUTBRANAIATIA0UA 1Y 15971 TeNINRAUITNS
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1. Top Down Design
2. Modularity
3. Abstraction
4.Information Hiding

5. Uniformity
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3.3.1Top down design

3
Taa @ Y

TuATRA19953 AR08 YUIA I NTAIINFUTBU 19U ASIC (Appication
Specific Integrate Circuit ) 3103 n3ofoonuuulnazuesgluuyldoglugyves Block
i a oA ‘ v 4 a g a a o
Diagram |F8nou Aoufitzsandssguuuy Iandesvazideans 11 sanvdieydusaiiv
Y
aynn v
- 95 UMSNITUYB LA Block
- 3AT1LHMININ (Analyze)
v Y £ I d'a o 4'! b3 °
- famsuflunazdSmlgimahanunasaidinsiziiiie 19 lansviauaiy
Y] ' E ° v a ] i ' v o o
fireans neufiszriimsssnuuuldazideainasludunouas i nsud lvludunsuiise
mldaamldtieninmsudlvluseveaniswannluseduadaganoudy (Silicon Chip)

3.3.2 Modularity

VEDL
' Mocules

FETS

*Mocules

U 3.1 msuivdeslusziusuvesmsssnuuusiauag

Modularity #i0 nanmslumsuondu (Paritioning) :17mds eemilududendn
qadhl Falndmsiauveaianiingieassnoudisaniaunies q adld A
22 waagtuuy c?quﬂm’mﬂfmuﬂugﬂxﬁm (Flatten Design) mdenniiusaeeniiiu

' ' o 4 v a - Y a ° ' 1
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awrsoeiuwldlay Module ¥94 Code (A0 Function M38 Procedure) FUIAAIAIT
¥ [ v
Havesdutestiuedudany Famsuonguuuulng q sendludiudes qiivhilnie
aamsimnsuazeaemsiinnudle
as a =3 dy 3 . ae <& -4
fn eI 0 YAIeaYsEnoUTUNIAIY Language Building Block #usznoulUdae
75 Reverse Word LAZ1IANT 200 Combination Words U 3.2uamalsfiituil nwn
JovAusaUAay Module WUUTENBUAIY Language Building Block 82l5¥1e tazeiue

AITNINIUYDY NAND AN

Various YHDLU
8uiiding Eiocks

8 @a%
Description ot i

3 e
NAND Gate .
\\

]

U 3.2 grsaund Tugadaadeninnisadwuionyes VHDL

mnj,ﬂﬁ 3.3 @AY Hierarchy- Method  Tasmisusndiuztuvvesniludiudos q
dUVUEABFUIEATITNIUYEY Shifter AINAT ) AIWINBNTUNTINYVEL Shifter DBN
Tunduvast 9n Wiurasy uemilu NANDm n1elu Shifer ldoFurenisyinau
Tasldnsdetuvesr@asy lussdudaan Walvaefidaninnsld NAND innsie
fuzi uszdudawdnfidn NAND I Felimseswemsthamegaiely Fudaz
Module 3zfifesuiomsyiiuludvsaiueseguds Metuonioluudas Module A
efuumsiFeuse Fedredn I amnsadeusedy NAND i Tuszdudiega'ld

Vsz Temfetranilaveansuendiundnasy was NAND inn oonvindu e
st ldhelunsiies 14 NAND tnﬂﬁ'm‘iyiugﬂunu"lmana (High Level) #28u « vinld
voenl¥1dsn wazasamududeulumsldgunsalds Wumsiefivzudluntsiuves
Shifter TaovswIamsudly Filp-Flop 1Az NAND tnm  a1ntss Tomii 14vee Modulasity
ﬁyﬁﬂﬁgﬂtmu‘fimaaﬂu'uuﬁya'wwian1m’x'1°l=auazuf’f'lm"lﬁ'mua

3.3.3Abstraction

Atz luvuszeTuemsiauvesiaz iy nnnfiszefueding

y i 4
Wi gluutiuedinls wdnmsiisslinauduiutedninddatumndnnts Modularity

Tug1fi3.3 Flip-Flop Hhuiloulumsld NAND i uag Shifter deonumsldnduwasy
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3
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Y. G

gﬂﬁ 3.3 AISULNLIUY Hierarchy %83 VHDL Shifter Description
=; s aa d! d! < a o 9/
U9 3.4 uamaBnTEnsniladauaastimsesuiemsinauvesgduuulesld VEDL
Tunaie q szdyveanstionr ROM (Read Only Memory) outelagldntviszauga
< o 1 2 < 9/ ° 1 : P @ dy 19
lorana uasadadygruniuguaisg Funudeya Bluduminiu q Aszduil lidosau
1904 Address Lin , Data Line 38 Control Line i:iannsamsdaaulsluiivuiavesde
e Tagludsefntedgygrunivguan q minuionislu msiehanniussgninmsieslu
szauma  Tussduanawusieseesemsi e TuYeIdyaauaazidunislu
. b d ’ 14
ROM fdsamsiffoumideyanislu ROM ismastumud lvlussduiigadiuu (High
° 3 a e : =1 1 1 o ot
LeveD) wxiifdonhilumsisemugudyaunisly suswemunlundasssaviinnu

v s ; ° v o ' ' Y b4
munzauuananiull tazasgaiivaihidtaduuuiisesnuuuieaenisud luTaons 14

s :’:TU‘B'J'UBQ Abstraction
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Description of Adcsessable
Bytes of Storage

Higner Abstracticn
Levels

Lower Abstraction

Levels Descripticn of Address, Data,

and Cantret Signais

i

Eﬂ‘ﬁ 3.4 Applying Absraction to a ROM Discription

3.3.4 Information Hiding

ooy VHDL Code franmessunumsiamuessiinidmis 1
AYus10 190N IToUs WS IANITRAL Module 1 q Tagludeansivtdau
Module 84 9 §n1571aun Ty Information Hiding T1sy TomiAe vinldguuuuniun
TovAuoatuannsadansIfie uarannsosnasinaedleWienh winnsi
wldmivayundnms Abstraction finvzaulvsvazBoalumsldanunnadnsaulen
gﬂuuuﬁuﬂzgna%’uﬁ’;umaén'ls fihaesedelsthe dudu msseusiaziBoaniolu
Module vni¥auanlsvesdoeniuvanle Tyludndfidwonandt udwi liveuls
szaouBuandrdalild lugufi 33 dedinoves NAND inmriuszgiataenaud
Wouetuendiivany Ui 3.5 aufidousiumaiouvesidiwaey lideseule
1@u731 NAND inm szsinuesnls ssaeduntoluediels Tas NAND i aunsodiou
FuvudanonIndifu3lu Library g’g"?iaanuﬁuﬂﬁﬂvlaa1Jszﬁuqﬁfumnﬁmuﬁiﬁaaf’iw:
‘onreduwnieiymyes NAND inn a1 Idedls Tavludesauledn NAND im
szgnahaasianmnetils uuziss ToemiBned1eves Information Hiding Afefloafiu
Yoyanivlu funs@nuoniie Sevauoaluaaliiisuq  Tasdlumsuendio ereda
TuandesauoafinenInduds hidesdsdadonida luildintlesdunindduns

Yoyan 1aludnsedunis




Hidden Oescrigtion

Cescription of Fiig Fiop
of NAND Gate

SO, e ya
.

/A K0

UL R
M’ "&J

317 3.5 msvpuswanidoai lusuuveassdy NAND 1A

3.3.5 Uniformility
. y A o a ] a a J d =4 <t
Uniformility (undnmsdnsgnfisslumsesoasinsaondesiusanuiy
8an15e519 Module wpesvaludnyazadoiulnoldiiniy1 VHDL Building Block vi1
TiRansidiou saffenusy Imsldvens Tn1s19f1e5178 (Comment) Hudu ¥

Mn1swaul Module a1utasyiinisidaledn
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3.4 JULUUWUS NV Y1 NOYAUDE (Primary Language Abstraction VHDL)

szriumsesnuuinesnuuuinuzneudesuaniesseniiududes q e
szfans Idotun s iesiuon mfvayumsuondiuasaul wasiiiiefissfou
HYANTTUAITHINUYBIARL A IUEDY 9 i UF Unit deo 9 aunsalyldlunais q dau
yoar9sfisvzennuuy viaudnsziair 1918 ugtuuudu 9 gﬂuuvﬁ'yugmﬂaqmm
Jovauoa lun1sad1e Hardware Tuina Afi0 Design Entity Faannsouny wa, 51 |
veta u3e sTuvLeY (Subsystem) 18

Design Entity dszneusie 28 mlnajfie @3uved Entity Declaration (1asdiuveq
Architecture Body

Entity Declaration ilQ% Architecture Body LﬂNZﬂ"Juﬂﬁ'ﬂ'ﬁﬁTﬁm‘UﬂQmHT
VHDL Language Library ABe9Uv84 Hardware Description w?aimﬂacﬁammsm:eg
10 Design File 1n ) nSognnoxnlwdeylu Design File na16q File Auonninfu au
gmsadufih ldinesnuuuansadnnadfiiu Module Sousiiousias Module 910
Fufineuwdudas Entity nonainfu Tagfl Architecure Body ¥8duAaz Entity HANAT
fueon'ld mM3Usenif Entity Declaration umsiimuansidouds (nterface) 5219

Design Entity AU299509U8U q A10usn  1a3aa313u89 Entity Declaration L@AA29619
, .
ol

Entity indentifier is
Entity_header
~(generic and/or port clause)

Entity declarative_part

—(Declarations for subprograms

Jtype,signal,..)
begin

Entity_Statement_part

end identifier;




Entity Identifier 709884 Entity 159 MUATY usiaz Design Entity Sudeya
s1nnouenlag Port Mode In tazdadoyanenluniousniag Port Mode Out gz 2.7

sotnesane I fiuan Entity Declaration (33 Port Claus 420) U89 AND InM 2
[nput
ENTITY and2 Is

PORT (a,b: IN bit,
° — ¢: OUT bit);

END and2;

‘L]:; 3.6 uﬁmwas’n In (tag Out Y03 AND AN
Architecture Body ’rJﬁU‘IUﬂ'Jm’cT:lJW‘uﬁi.M’JNE)NWT\Llﬁ"lﬂWIW‘YW?N Design Entity
Taseard1auas Architecture nanssae’Uf - )
Architecture identifier of Entity_name is
Architecture_declarative_part
begin
Architecture_statement_part

end identifier;

Identifier uaz Entity namé #ip words finazdsadoul¥lu anndierduealda
Fidrnfirdniikisine $9489 Entity name 1M architecture Body 3ABIduWusiy
Fauaaslugiii 3.7

Ao NUULAIMUANGANTTUMTHI NS0 TATaa3 13983 Design Entity 1
Architecture Body IasldiiaisiioussvislaeldnuievAusa (Design Description
Methods) ﬁq;ﬂ?‘i 3.8 uazDesign Entity 343} Architecture Body MNN711 Architecture
TnerinoenuuLIsRedioy Entty Declaration (Feaaniiu “Tric_lc™) udrfnening wnda
mm‘fuﬁuﬁUuuazﬂau'lwz{fhuummiussmtmuuﬁwﬂenaa%’umN%‘séq Architecture
name A75IHU “Behav” ﬁquamﬁgudw’ﬁumwm Architecture Body 1 tidewalafiuns
e SheWSoodusenesfiosnuuuuds (fiszAy High-Abswaction) F1Ensafiszdon
Architecture Body Fusnmadummarey msTnuvesns o fiszdy Low-

Abstraction Architecture 2 U7 3.8 uaaalaseadrauazsvaziBeams inavesdoyn (Data
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Flow) %1l Architecture name A9 “Dflow” #a391A1W51391A15 Simulate Design 1
¥ ¥

szdufinniuiinsud lvdSudgau ldwamsiauiivels

"/—//S—a;—e‘enﬁty name

ENTITY and2 1S
PORT (a. b: IN bit ;
g: CUT bit) ;

in both places.

END znd2 ;

ARCHITECTURE exampie OF and2 1S
~dectaraticns here

BEGIN
—statements here

END example;

gﬂﬁ 3.7 M3 19¥e Entity 1u Entity Declaration 14Q% Architecture Body

seaumsifisusiuisdlonyidiesauea ﬂfuﬁwqﬂ (Lowest Abstraction Level) Ai®
msiSouluuuyTaseadis Structural Description Failumssfuionisianyesisns
5¥AY Component Level Architecture Body 3 gﬂ'ﬁ 3.8 wasaldmudamsotmoluszduy
Structural 39 Architecture fifie “Struct” Tuns1933msesuneTiunndiedu 3353 ¥inlw
(S UITONAUIBONUUY Design 1 72 193193515 Top-Down Design luisiag

Abstraction Level azgmifiouuazinu13lu Design File ugnanfu
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<

~

v Entity

Oeciarstion

Architecture
Body 1

(Seravior anly,
No sirucure.)

Architecture
Bocy 2

(Eehaviar muzed
Wil some siruciure.)

Architecture
_Body 3

{Structure only.)

: o el 4’ . .
5U% 3.8 ®@18 Architecture Body @M IUWHY Entity Declaration
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3.5 33msidousduiolugluuua1a 9 (Design Description Methodes)
=t < ac < a ° 4 4 o
amuterauea Huismndoueiinemsiinueeessids Iuanyuzyed Texual
[ ' 1 d
Format unuiazld Schemanc Diagram ijsuiledeu Waide1n q aeilae I5msidou
a3v1um e T Ierauealunate q I5iNeTiersTuny Hardware Architecture
- Structural Description Method 83oaguuy lugduyyvesmisiyouss
' 3y ¥ s
Component A4 9 I V1AWYNU
- 53asusstepuuiiedTiosses nefaddunisiauvesgiuuueasainsd
TugUiuUvea Circuit, Signal finevaussfudygudisudwinnnigusn woAnssuas
#1474 (Hardware Behavior) 929085116828 Algorithm  Iag Tz adnduunediels
- Data Flow Description Method fianundioadany Register-Tramfer Language
¥
FEmsiesuieiladdumsianuvesgiuuy Tasmsvimuamsina (Flow) veadeyasin
- -1 aa o o ar [d & aa ¢ a w aa u’: a 3 a
fuwn vse Smmes lldwapinn #ie FTawes Bada3Tmane 3 uuunildetens

v
Architecture Y84 Hardware a1113085utosauiuTasldhia 3 iuuee 1 uuuui 18




3.5.1 myasue laslFuuy Stuctural
Tudruiiszesueluduveamuuiiseuediulunmsiozuaay VHDL Structural
. . Y @ 1 & v a 2 [ a v gy a ¥
Description 1ag1dad1fie tadmanwes 2 duwn sluldesueTassadaveanmuniu
¥y v b d ¥ .
duiivianue sidesmsendiedaldiiuminiu swasBoananualdg 147 vHDL
Reference Manual
VHDL Structural Description u3smssiveiagduuuasanns fndroduuaas
. l < 4 t ' as 1 v
Taold Schematic diagram iz e ldiudanisifouasvsadiulsznoy A19819A N
- v o t 1 dy =t a 1 = v
q fesugasldiuludude Wi dumsidSoufouiwsai q 12995 Funudle VEDL

UATUNUAIY Schematic Diagram Juungnals

DO_IN ::)__! d0

D1_IN D/—l dl q ;

y;

00_OUT

mux

i
!
!
|
I

~

e

U7 3.9 dydnualuaasasdunmiadmanyes

Ny

Top Sheet

MUX Symbol

Sontom Shaet

MUX Schematic

‘; . . . v a =1 I'd
gﬂ‘n 3.10 M3ooniUY Hierachy U Schematic Editor ¥80aAINANIYDT




3 v W v a < 4 a ay*'
5UM 3.9 uamedydnyaives TaAmdnred 2 Suvm 12995 MUX fiflumseen

wuuludnuweves Hierarchical Design (3UT 3.10) #3995 luszduangailu Schematic

Diagram v308glugduvuveaniseiuietanisiouaenioly dagud 3.11 (Muome oz

Funariudn¥e Pin lu MUX Symbol lugilfi 3.9 szasadude

Schematic 111?_1]‘3 3.1

9 ; : \ =

Net Y8IBUNNIDINHNYDA

;U7 3,11 uaasszAunnuesapsduynliadmaniases

7U% 3.12 uaAs VHDL Structural Description ¥831iad

o d  a
Wanwes 2 dunn  lag

VHDL Code auisailioudiutsensy 1aonisiden Double Dash () 19A11UMSaONYS

1n q fiegndanniniemuvazgnuesiniiu Comment lianls

1,2,5,7,17,19 919 21,24 Tug# 3.12) Comment idswasiude

1 ENTITY mux IS -- Entity Declaration
2 PORT (d0,d1,sel :IN bit : q :OUT bit); ~Port Clause
3 END mux;

4

5 -- Architecture Body
6 ARCHITECTURE struct OF mux IS

7 COMPONENT and2

8 PORT (A,B :INbit; c: OUT bit);

9 END COMPONENT;

10 COMPONENT or2

11 PORT (a,b : IN bit; c : OUT bit);

12 END COMPONENT;

13 COMPONENT inv

Tay Compiler (U351




a4

14 PORT (a: IN bit; ¢ : OUT bit):

15 END COMPONENT.:

16

17 SIGNAL aa,ab,nsel : bit:  --Signal Declaration

18

19 FOR ul :inv USE ENTNTY WORK inv t(behav); --config.

20 FOR u2.u3 : and2 USE ENTITY WORK and_gt(dFlow); --specif.
21 FOR u4 : or2 USE ENTITY WORK or_gt(archl); --

22

23 BEGIN

24 ul :inv PORT MAP (sel,nsel); -- Architecture Statement Part
25 u2 : and2 PORT MAP (nsel.d1,ab);

26 u3 : amd2 PORT MAP (d0,sel,aa):

27 u4 : or2 PORT MAP (zz,zb,q);

28 END struct;

U7 3.12 #9612 T1sunTuves Structural Description dwsusadinaniaed

Fadmdniwes 2 suwn uaaslugyd 3.12 1299 RUgIU Emtity Declaration 94
AZwuu UIIVA 1 543 AMuAms Interface Design Entity tazannuadey n30139sdu
q neuen

Entity Declaration i Port Clause %quanfﬁmﬁmmmﬁuvm (Input Channels d0,d1
UaT set) UAZPRITYYIUBIMYM (Output Channels) (q) Ty IUVBUAAL Channel 9N
simualiifiu on Aefanuzdiu 0 f1 1 ¥ Entity Declaration faunsanoudfioudu
MUX Symbol 11 Schematic 3Uf 3.1014

Architecture Body lugifi 3.12 (u3sTiAfi6 §4 28 ) oFoANUANTUTTEN I
Design Entity Input itag Output Tudnyaizuealnseadia Architecture Famnsavianld
milpufiy schematic ﬁqgﬂﬁ 3.10 Component ¥a10q %3 (AND2 , OR , INV) fiszany -
s2ufusudy MUX Design Entity lugufi3.12 gnuszmel3ludauueq Architecture
Declaration (UF3WA 709 15) Signal (aa, bb;nset) gnﬂsxmﬁ"l":”’lu Architecture Body
(msﬁ'ﬂﬁ 17) fausunu efiozuny 1PMWNUDY AND 1M 267 (U2, U3) iay Inverter

un




[y

Configuration Specification 1MUTTHAN 19 321 WompramudszaonAazaaf
dsema'l3idhunds Design Entity 1#oU8n Design Endty 1@Mysensuuaazaiiieuy
atls oadedu dutdszaou Ul Tuussiafi2ze U4 302 ganss Taenda

Architecture Body %9 “Behav” @iy Design Entity 50071 Invrt

Architecture Statement Part (Uiiﬁﬂﬁ' 24 4 27) ﬂ‘EUTUﬂTSL‘?EJUGEE) (Donnection)
seniedudsznoudilszneudle Design Unit Tudquiiseimalszmamsly
Component zﬂ‘ﬁ' 3.13 naaaldiiudl Svhematin Sheet i MUX Symbol ﬁmmxﬁmi’faq
#U VHDL Strucrural Descripion 861als unufiezldnisainiduly Schematic Sheet

VHDL Structure Description finuamsissuasnisluvesdiulsznou

Schamatic Shee!

MUX Symbol

~

N i -
Sysiem-3075 /< /
Oescription \/

5171 3.13 wosduymladwaniyes¥al Structural Description Mg v8aM
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3.52 M39BUIOMALn1s 1F Behavirol
Tudufidumsefuedsdndgvosnndiuni fuﬁi) Behavioral
Description Tavlg29399 18undaetaudarounsif Ao MUX uaz 4 BIT SHIFTER nds

sngudui 8o u1elufeountiif Ao Stuctual Description IsensaSouioudu'ld
SEN19N1583U10A2Y Behavioral Description 11 Structural Methrod JlanA1eiuagels
VHDL Behavioral description imuilangunisyiamvesgtuuy luguuuyvesiees
nazdyauiineuausidensnszdqusInatguen wansluguiis.io 84 3.13wadnssuninin
RUYBI MUX gﬂﬁmuﬂﬁ'wmsﬁaudaszﬂdm Inverter , AND gate 1A% OR gate FaMladd
veunnusazifithifidhlsiudeguds 1u§,ﬂuuvﬁﬁﬂmu=ﬁ'w%'aumn§udduﬂs:ﬂa‘u Ul i
Us TugUfis.12 dpsaunsounudao Enty ilifendumsiinuusazdiudsznou 42
Behavioral Description
VHDL Description tiaas1ugu/fi 3.13 iA4 Behavioral Description unufozduioy
Streture Description miflousiaenounidil uadaiisasnte MUX Symbol aslu
Schematic Sheet tA1ufis119 Behavioral ¥8ealsznoUTZNI1aNISIN Circuit Fyatadu
5U13.14 uamsmudiovausa lda Famuanisiianues MUX Tugilinm Behavioral
Behavioral Description 11121]17% 3.14 uae Structal Description Tugﬂ"?illZYf&fjﬁ Entity
Description 1102 Architeture Body turiu lumistfiias lusudiuszaeadiou 2Architecture
Body 131 IWdifuadu (Faemnsarile) 59995:%tu Entity Declaration BWirduits idudou
Behaviroral Description 138 TWd #1114 1102 Structural Description 138n IWdisudu luniseen
HuY93 ndwIAMsieou uaz oy '1Wd Entity Description ir32i5uusoouda Funoudalal
A25186 Behavioral Architecture iutumusn I lunsfiss naaeuashavesses Tay
SauTanue nEanINTANTsIAIPeu Simulte LA Refine Haiguntsiaiuyes uaasu
Az ldgndne Jeezsiimsiliou Structural Architecture nmufnAoy Sructrual
Description n’fﬂmmuﬁ Behavioral Description Lﬁﬂﬁwﬁ’lmi Simulate Qaﬂﬂ%‘ N
1 ENTITY mux IS , -Entity Declaration
2 PORT (do,d1,set :IN bit,q:OUT bit ); —Port Clause
3END mux; :
4
5
6BEGIN
71: --Process Statement

8 PROCESS (d0,d1,set) ) --Sensitivity Part
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9 BEGIN
I0IF sel="0"THEN --Process Statement Part
11q<=dl,
12 ELSE
13q <= do;
14 END IF;
15 END PROCESS fl ;
16 END behav;
31713.14 #2960 115N 311¥84 Behavioral Description dw3uiafimaniyes
Behavvior Description Mode :‘J‘ﬂszTu‘mfsaiamiﬁwmﬁﬂSuwm{ummﬂau VHDL
Twaa Tudauduq dedpenisiduadu wuisdesn1sesnuuy Traffic Light Controller Tag
19 Structual Description wazsdesnisnaaey Tunath el Traffic Light Contoller T
BuNNILURIN Sensor Hiwod T dmiuntsFmudi 159¥aFon Behavior Description
Tuiaa i‘fumxﬁaﬁﬁ1aaqﬁ'€gtg1mﬁaaﬂmﬂ Sensor (UNUATT3199349)
Younnarafiin 149asen919 Structural (182 Behavioral Description Y84 MUX 1
Architecture Body ﬁdgﬂ'ﬁ 3.14 1 Process Statement =§~umu‘7;miﬁ1amﬁxﬂuSﬂszﬁmuﬂ
woAnssuMIYesssauas viodmladiumidsesgluuy Juuvesmadou

v v
Process Statement uﬁmmﬂe"lﬂﬁ

Process Statement ............... label
Process (sensitvity_list)
Process_decrarative_part
begin
Process_Statement_part
end Process label; .
Process statement 11421]‘7% 3.14 Process Label {1 mm’hum?awmu Colon ; (U3 'iﬁ'ﬂ‘?i
7) Process Label (11U Optional tififise Temilumsfiszdousn i unuunnaig Process
nei I gluuIng
T2 uTine91n “ Process * #i8 Option Sensitiv.ity List ﬁ'agﬂ‘?i 3.14 (UsTHA 71 8)
Usznevlugedayann (do,dlset ) sevinmsvhdynn S1dygaladyonaumilsly

¥ . =2 : 2 4 g
Sensitivity List 1inn151UAuuiaa State Process 91213 Execute (10 State ¥BUDIYINN f)
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szt ldausuiy uAag Process TuMsoAUULABYALDA 3T Execute 1 adasznienii
47U Initialize VHDL Hardware luiAa
ﬁﬂi]ﬁ‘lﬁ‘mﬂad Process Statement 11121]?‘; 3.14 A1 If Statement '?iatjmu‘lu Process
Statement Part glluuuf:uywmnm?mu If statement UARIAITINAN
If Statement ........ccvvivnninnnnn. if condition then
sequence_of_statements
else if condition then
sequece_of_Statements
else
sequence of_Statements
end if;
If Statement MM IOFANBA 2zgnAnuadiedulss lenlunmidangy en
frsnennise Toadiea
If the traffic light isgreen then process across the intersection or else (if the traafic light is
not green) remain stopped.
‘luﬂszIam“:ﬂzaQiuﬁmaxmsﬁmuﬁdmﬁa'lvhﬂuﬁn‘m'zﬁﬂuﬁﬁwﬁ"eﬁw 9290
Execute “else * Statement wiilumiadonsamantis doanustuf I lidufmidonu
deou'ly
I£ Statement TugU#3.15 (us33viadi 10 83 14) mmsm%uu“lﬁ"lnﬂﬁ'agﬂde"lﬂﬁ
if Signal sel (select) isequal to 0, then assign the value of the Wavefrom on Signal dl to
target Signal q or else assign the value of the Wavefrom on Signal d0 to target Signal q.
Holafaufianiazniolu if condition M358 else condition ludipde lasuaninasa
audoulu(sel = ‘0° Mioan1IzATIT YD sel <> ‘0°)target Signal q 129N Modified AN
AUIMUITaY c‘*ﬁq?iyuag:ﬁ'u Signal Assignment Statement gﬂunu'fiﬂugmvm Signal
Assignment ﬁﬁQf:
Signal Assignment State : target ( = transport Wavefrom )
(Note transport Optional)
Signal Assignment Statement ﬂs:TUﬂuSﬂ“lugﬂ*?; 3.15 19
g<=dl
Jsz Toafiasimedmuadaana d1 Ifuddyanse: q (Optional transport ) TailAld
11#706137) Singal Assignment delimeter UszaBUAIwFSAUTIAY 2 970 yendaund

compound delimeter 1/52 Tun Signal Assignment Statement fuiaesfie
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q<=4do;
£11013 Assign Wavegorm 1 udana q n151941u8n8613483 compound
detimeter A9 1413]U relational operater “TosniMIomMIAY wtlsz Tengoe1adad
If Z<="'1'Then

a5 Signal Assignment delimeter <= 19d M5y Assign iifingmevnileliify
f’f'aujfymﬁa;jmw’ﬁwx’s’wﬁa I8¢ delimeter ﬁaxﬁmﬁmfuﬁ"mumsﬁw relational opertor
n3ouiou (TesnimTemiiy) 19lumsnlSouiioy condition 1w If statement 10819 TugY
# 3.15 uerAINSIToU VHDL Behavioral description 484 4 bit shifter isuaadlfifiud
accurate 110 succinet 484 VHDL Description iiusgia Isilieifioufiuguiuuves texwual
description ﬁd‘ﬁ‘

The four bit shifter has four input data line and two control li;le. When both control line 1
are low , the input level are passed directly to the coorresponding output . When control line 0 is
high and control line is low , output line 0 is low ; input line 0 is passecd to output line 1; input
line 1 is passed to output line 2; and input line 2 is passed to output line 3.

When control line 0 is low and control line 1 is high; input line 2 is passed to output line
1 ;input line 3 is passed to output line 2 ; and output line 3 is low . When both control lines are
high , input line 0 is passed to both output line 0 and line 1; input line 1 is passed to output line 2;
and input line 2 is passed is passed to output line 3.

1 ENTTTY Shifter is —Entity Declaration

2 PORT (shfin :INbit _vector0 to3);  --Port Clause

3 shfout : OUT bit _ vector (0 to 3);

4 shfcrl : IN bit _vector (Oto 1 );

S END Shifter ;

6

7 ARCHITECTURE behav OF Shifer is — Architecture Body
8 BEGIN

9 2. -- Process Declaranon Port

12 BEGIN

13 CASE shiftctl IS

14 WHEN “00” => shifted = shftin;

15 WHEN” 01" => shifted = shtin(1t03) & ‘0’;
16 WHEN “10” =>shited = ‘0’ & shftin (0to2);
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17 WHEN “11” => shifted = shftin (0) & shftin (0 to 2);

18 END CASE;

19 shftout <= shifted AFTER 10 ns;

20END PROCESS £2;

21END behav;

'g"ﬂﬁ 3.15 #29814 1Us1INT VDY Behavioral Description A M3V Shifter
3.5.3 Stuctuaral and Behavioral Description Surnmary

2131 Strustural 1182 Behavioral Description ulﬁﬁd'i

VHDL Structural Description HuasdmuamsiFeunsdntszaoudg Tuses
uazmiﬁlsm%ﬁeﬁu #7U Behavioral Description dlumsesuioi Algrorithm 4947397 LAY
A1H19IU Y8 Input /Output Melufinsasuausied IsAsdaynInn1ouen Design Entity
Tao 1% Entity Declaration @31 Architure Body 4B31i6ia Entity fi%eoRuonnudusiug
sEM 9B UMLAZIO 104 Entity A

Strutural 1182 Behavirol Description Sanumna1atusi1 lsmiu lddanuluauyes
Architecture Body ﬁaxlaﬂﬂﬁugﬂﬁ 3.16 WIvuiNoua8e13 MUX Architecture Body 994
Strutural Description (’cr"m'uu‘umg ﬂ'?i3.16) Taullsenov Architecture Statement Body Part
Se8T10n siHouABYET Componet ﬁeg"lu Design Entity @9U Architecture Body 484
Behavioral Description ( ?f‘)ua'”N'U'ENEﬂﬁ 3.16) 187U Process Statement c?aaﬁﬂmmsv‘h
21UYB4 Design Entity ﬁ’:uf\

1 ENTITY mux IS -- STRUSTURAL

Entity Declaration

2 PORT ( d0,d1, sel: IN bitq:OUT bit ); —Port Clause

3 End mux;
4
5 —Architecture Body

6 ARCHITECTURE struct OF mux IS

7COMPONENT and 2

8PORT(a,b: IN bit;c:OUT bit ); )
9END COMPONENT,;

10 COMPONENT or 2

11 PORT (a,b :IN bit;c:OUT bit);

12 END COMPONENT;

13COMPONENT inv
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14PORT (a: IN bit;c :OUT bit );

15END COMPONENT ;

16

17 SIGN AL ,aa,ab.nsel :bit; —Signal Declaration

18

19 FOR ul : inv USE ENTITY WORK__invrubehav: —Config.

20 FOR u2, u3 and 2 USE ENTITY WORK__and__gu (dflow); --Specif
21FOR u4: or 2 USE ENTITY WORK or ) gt (archl); --

22

23 BEGIN.

24 Ul : inv PORT MAP (sel, nsel); —Architecture Statement Part
25 U2 and2 PORT MAP (nsel, dl, ab);

26 U3 :and2 PORT MAP (d0,sel,an );

27 U3 :or2 PORT MAP (aa, ab.q);

28END struct;

1 ENTITY mux IS ----BEHAVIORAL-——-Entity Declaration
2PORT (d0,d1,sel :IN bit q ;OUT bit); -- Port Clause
3END mux;

4
.5 ARCHITECTUER behav OF mux IS

6 BEGIN

7 fl: —-Process Statement

8 PROCESS (d0,d1,sel) --Sensitivity List

9 BEGIN

10 IF sel="'0" THEN . -—Process Statement Part
11 q<=dl;

12 ELSE

13 q <=do0;

14 END IF;

15  END PROCESS f];
16 END behav;
71U 3.16 WS vuidioudiesiafmanaesiuy Strutural 1Az Behavioral Description
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3.5.4 M35 u Teolduuy Data Flow
- @ e
VHDL Data Flow Description UQ¢ Register Transfer Language finuadiondeny fie
,’,’ 1 a ° 3 a = at o
Mgefuemsihnuvesyduuy Tasdmuants Ivaveadeyanindunnnila uie S3mnes
& ar [ 4 A A aa ¢ & . . <t y <
MU 'lﬂuammvmmaaﬂiﬂ’mﬂaiﬁua Data Flow i10i¢ Behavioral Description UfiI31UAQ8AT
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ABUIADTITUN Statement 113N 3.17 (Us5ViAT 8814 10) iWeRMUA Signal Behavior
1 ENTITY mux IS
2 PORT ( d0,d1,sel:IN bit; OUT bit); ---Port Clause
3end MUX;
4
5
6 ARCHITECTURE data_flow OF mux IS
7 BEGIN
8 cls:
9 q<=dl WHEN sel = ‘0’ ELSE = -- Condition Signal Assignment
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10 do;
11 End data_flow;
3171 3.17 2061 Tsun 3199 Data Flow Description ¥eaafinanives
Data Flow Description dszaouldda Entity Declaration (IJ‘iiYTﬂﬁ 119 3) IWUIALINY
fue186191U Stuctural 11a¢ Behavioral Description fofouudaroumif dauves
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Ui Process Statement (FafiaTumnumiousu ) sivuvesmsidounsumonisun
Signal Assignment uﬁmﬁwia'lﬂﬁ’
Concurrent Signal Label : Conditional_signal_assignment
Assignment Statemnent.........
label: selected signal_assignment
Tug1fi 3.17 (uss¥iafi 9 uaz 10 )Conditional Signal Assignment AT Signal
Assignment ( q <dl %30 q<do) ‘T{uazjﬁuﬂmwﬁﬁmuﬂ‘lu Condition Waveform gﬂuuwm

v
N3 Condition Waveform NA41

Conditional Signal target <= option cinditional _waveform;
Assignment
condition waveforms waveform when condition else

’

waveform when condition else
waveform
Condition Signal Assigment UNUMTN191UUBS Process Statement 1% IF Statement 1u
. ar ) 1 -3
mIfAsundasdnyuzvesdeyan ( Optional Guarded Transport ) ai lduaas vy
v & - : L. , . - Yy d v
#18819 B30T sUITUY Beharioral Description 494 4 bit Shifter 311 3.15 uaaal¥ifiu 1
d ot 3 = 3 P a
wudnaialugui 3.18 (Auunvsag) wiouss Data Flow Description 5985116 4 bit Shifter
iy @uaegyd)
1Y = Y o ' a Y _ aa 4
Youandwguriulddaszninnseiuilasld 2 33 fie 4 Process Statement gauaag
{11l 9 1 Data Flow Descrition 1€ 4 Conditional Signal Assignment ( U53%8 9 814 20 ) 1u
23 Behavirol Descrition 3i 1 Process Statement ‘l%'atiwﬁu“lﬁ' (UTINA 9 fla 20)
A784719983 Data Flow Descrition chqﬂﬁ 3.18 imsld Entity Declaration (U@
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YD Shiftout Array (ﬂﬂulﬂﬂiliu‘ff Signal Assignment Statement T8 Option Label milou
fuildlugudi 3.18 ussiiaii 8)

1 ENTITY shifter IS —BEHAVIORAL ——-———entity declaration

2 PORT (shfin: IN bit_vector0to3); —Port Clause

3 shfout:OUT bit_vector 0 to 3 );
4 shftout :IN bit_vector 00 1) ;
5 END shifter;

6

7 ARCHITECTURE behav OF shifter IS --Architecture Body

8 BEGIN *

9 f2: --Process Statement

10 PROCESS (shftin, shfted)

11 VARIABLE shifted :bit_vector 0 to 3) = Process Dec;aration Part

12 BEGIN

13 . CASE shfted IS

14 WHEN *“00” => shftin:=shftin;

15 WHEN *01” =>shftin :=shftin (1 to 3) &’0’;

16 ; WHEN “10” =>shftin:="0"&shftin (0 to 2);

17 WHEN"11” =>shftin:=shftin (0) &shfin(0 to 2);
18 END CASE; .

19 shftout <= shifted AFTER 10 ns;

20 END PROCESS f2;
21 END behav;

LENTITY shfter IS—DATA FLOW

-Entity Declaration

2PORT ( shftin : IN bit_vector O to 3);  —Port Clause

3 shftout :OUT bit_vector 0 to 3);
4 shfted : IN bit_vector 0 to 3 );
SEND shfter;

6

7ARCHTECTUER data_flow OF shifter IS -- Architecture Body
8BEGIN
9 shftout(3) <= ‘0" AFTER 10 ns WHEN shfted = “01” ELSE
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10 shtin (3) AFTER 10 ns WHEN shfted = “00” ELSE
11 shftin (2) AFTER 10 ns; —End Cond. Sig..Assign.1
12 shftout(2) <= shftin (3) AFTER 10 ns WHEN shfted = “01” ELSE
13 shftout (25 AFTER 10 ns WHEN shfted ="00" ELSE
14 shftin (1) AFTER 10 ns ; —END Cond . Sig . Assign.2
15 shftout (1)<= shftin (2) AFTER 10 ns WHEN shfted ="01” ELSE
16 shftin(1) AFTER 10 ns WHEN shftout ="00" ELSE
17 shftin(0) AFTER 10 ns —End Cond. Sig .Assign.3
18 shftout (0) <= shftin(1) AFTER 10 ns WHEN shftout ="01"" ELSE
19 ‘0’ AFTER 10 ns WHEN shftout ="10” ELSE
20 shftin (0) AFTER 10ns; --End Cond. Sig. Assign.4
21End data_flow;
5113.18 Wisifoud10614 Shifter 1L Behavioral ia Data Flow Deseription
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>

DATA

7R 41 qUaeesIRaALLLY convolutional code

- z =2
31N T RAUE TR dou generator polynomial 8RB g(x) = (100111) Falu

madioulugtuuy binary  wazansolieuluglvosussnd ae

r 11 00 00 01 01 O1 T
00 {1 00 00 Ol Ot
00 00 11 00 00 O1
G= 00 00 00 11 00 0O
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" w 4 T - L% dv
TnoanuduWuEiuees G() waz HxJap GOHKX) =0 awnsauaasjanedl

. 9

GeoHG= | 110000010101 (100111 =0
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000001
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910 c(x) = d(x)G(x) TUTTAURA d(x) =( 110010) 1TILATNITAN code word c(x)
- vl%ﬁdﬁ

c(x) =( 110010) -11 00 00 0L Ol Ot
00 11 00 00 Ol 01
00 00 11 00 00 O1
Y 00 00 00 11 00 00
00 60.00 00 11 00

00 00 00 00 00 11

b o
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=(01 11 00 01 11 00)
s(x) = v(x) H(x) .
Iﬂﬂ‘ﬁ s(x) D syndrome
e(x) AB error ﬁsﬁﬂi{u
v(x) Ao ﬁagﬂunm'*?iﬁ’hm’lufmsnaﬂsﬁ’ﬁ
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Tusunsw dffl

entity dffl is
port (d : in bit; Id : in bit_vector(0 to 1) ; q : out bit );
end dffl ;
architecture dffls of dffl is
begin
process (d,ld)
begin
if Id = "01" then
q<=d;
end if ;
end process;
end dffls ;
configuration dfficon of dffl is
for dffls
end for;

end dfflcon;




Tdsunsy dff2

entity dff2 is
port (d : in bit ; 1d : in bit_vector(0 to 1) ; q : out bit );
end dff2;
architecture dff2s of dff2 is
begin
process (d,1d)
begin
if Id = "11" then
q<=d;
end if ;
end process;
end dff2s;
configuration dff2con of dff2 is
for dff2s
end for;

end dff2con;



Tdsunsy dff3

entity dff3 is

port (d :in bit ; Id : in bit_vector(0 to 1) ; q : out bit ) ;

end dff3 ;
architecture dff3s of dff3 is
begin
process (d,ld)
begin
if 1d = "10" then
q<=d;
end if ;
end process ;
end dff3s ;
configuration dff3con of dff3 is
for dff3s
end for;

end dff3con;



Tdsunsu d_ff2

entity d_ff2 is
port ( d : in bit ;load : in bit_vector(0 to 1); g:out bit),

end d_ff2;

architecture d_ffs2 of d_ff2 is
component dffl
port (d : in bit ; 1d : in bit_vector(0 to 1) ; q : out bit);
end component;
component dff2
port (d : in bit ; 1d : in bit_vector(0 to 1) ; q : out bit);
end component;

signal sl : bit;

begin
d1 : dffl port map (d,load,sl);
d2 : dff2 port map (sl,load,q);
end d_ffs2;

configuration d_ff2con of d_{f2 is
for d_ffs2
for d1 : dffl use entity work.dff1(dffls);
end for;
for d2 : dff2 use entity work.dff2(dff2s);
end for;
end for;

end d_ff2con;



Tdsunsy d_ff3

entity d_ff3 is
port (d : in bit ;load : in bit_vector(0 to 1); q:out bit);
end d_ff3;
architecture d_ffs3 of d_ff3 is
component dffl
port (d:in bit; Id : in bit_vector(0 to 1) ; q : out bit);
end component;
component dff3
port (d : in bit ; 1d : in bit_vector(0 to 1) ; q : out bit);
end component;
signal sl : bit;
begin
d1 : dff3 port map (d,load,sl);
d2 : dffl port map (sl,load,q);
end d_ffs3;
configuration d_ff3con of d_ff3 is
for d_ffs3
for d1 : dff3 use entity work.dff3(dff3s);
. end for;
for d2 : dffl use entity work.dff1(dffls);
end for;
end for;

end d_ff3con;



Tdsunsy s_regs

entity s_reg5 is
port (d,x : in bit ;1 : in bit_vector(0 to 1); q : out bit_vector(0 to 4));
end s_reg5 ;
architecture s_regSs of s_regS5 is
component d_ff2
port (d : in bit ;load : in bit_vector(0 to 1); q :out bit );
end component;
signal 3 : bit_vector( O to 4);
begin
d1 : d_ff2 port map (d,1,s(0));
d2 : d_ff2 port map (s(0),1,s(1));
d3 : d_ff2 port map (s(1),1,5(2));
d4 : d_ff2 port map (5(2),1,5(3));
ds : d_ff2 port map (s(3),1,5(4));
q(0) <= s(0) and x;
q(l) <= s(1) and x;
q(2) <= s(2) and x;
q(3) <= s(3) and x;
q(4) <= s(4) and x;

end s_regSs;

configuration s_regScon of s_reg5 is
for s_reg5s
for all : d_ff2 use entity work.d_ff2(d_ffs2);
end for;
end for;

end s_reg5con;



Tdsunsy st_out

entity st_out is
port ( d1,d2 : in bit ;12 : in bit_vector(0 to 1) ; data : out bit );
end st_out;
architecture st_outs of st_out is
component d_£f3
port (d : in bit ;load : in bit_vector( O to 1) ; q : out bit );
end component;
signal s1,s2 : bit;
begin
dfl : d_ff3 port map (d!,12,s1);
df2 : d_ff3 port map (s2,12,data);
s2<=slord2;

end st_outs;

configuration st_outcon of st_out is
for st_outs
for all : d_ff3 use entity work.d_ff3(d_ffs3);
end for;
end for;

end st_outcon;



Tdsunsuy sta_enl
entity n_staen is
port ( clk,reset : in bit :x,Joad : out bit; loadl load2
end n_staen;
architecture n_staens of n_staen is
type state is (st0,st1,5t2,5t3,5t4,5t5,5t6,5t7 ,St8);
signal p_sta,n_sta :state;
bcéin
a : process(clk)
begin
if clk ="1" then
p_sta<=n_sta;
end if;
end process a;
b : process (p_sta,reset)
begin

if reset = '0' then

n sta<=st0;
loadl <="00";
load2 <="00";

x<='0"; load<="0";

elsif reset ='1" then

case p_stais
) when st0 =>
loadl <="00";
load2 <="00";
x<='0; load <="0";
n_sta <=stl;
when st =>
loadl <="00";
load2 <="01";

x <= IOI ;

: out bit_ VECTOR(O to 1));



n_sta<=st2; load<='0';

when st2 =>
loadl <="01";
load2 <="10";
x<="'l" load <='0';
n_sta <= st3;
when st3 =>
loadl <="01";
load2 <="11";
x<='l"; load <="0';
n_sta <= st4;
when st4 =>
loadl <="00";
load2 <="00";
x<='0"; -load <="0';
n_sta <= st5;
when st5 =>
loadl <="10";
load2 <="00";
X<="0'; load <='1';
n_sta <= st6;
when st6 =>
loadl <="10";
load2 <="01";
x<="0" load <="1";
n_sta <= st7;
when st7 =>
loadl <="11";
load2 <="10";
x<="0"; load <="0" ;
n_sta <= st8;

when st8 =>



loadl <="11";

load2 <="11";
x<='0"; load <="'0';
n_sta <= st0;

end case ;

end if;

end process b ;

end n_staens ;

configutation n_staencon of n_staen is
for n_staens
end for;

end n_staencon;



T1sunsu encodel
entity n_enl is
port  c,resetl,reset2,d : in bit ; data : out bit );
endn_enl;
architecture n_enls of n_enl is
component n_staen
port ( clk,reset : in bit ; x,Joad : out bit ; loadl,load2 : out bit_vector(0 to 1));
end component; .
component st_out
port (d1,d2 : in bit ; 12 : in bit_vector(0 to 1) ; data : out bit );
end component ;
component s_reg5
port (d,x :inbit ;1: in bit_vector(0 to 1) ;q : out bit_vector(0 to 4) );
end component ;
signal s5 : bit_vector(0 to 4);
signal 1d1,1d2 : bit_vector(0 to 1) ;
signal s1,52,53,54,x1,sd,l0ad : bit ;
begin
s_reg : s_reg5 port map (sd,x1,1d1,s5);
s_out : st out port map (s4,s1,1d2,data);
sta_1 : n_staen port map (c,resetl,x1,load,1d1,ld2);
sd <= d and reset? ;
sl <=sd and x1;
s2 <=5l xors5(2) ;
$3 <=s5(3) xor s5(4) ;
s4 <=s2 xors3;

end n_enls;

configuration n_errlcon of n_enl is
for n_enls
for s_reg :s_reg5 use entity work.s_reg5(s_regSs);

end for;




for s out : st_out use entity work.st_out(st_outs);
end for;
forsta 1: n_sta‘é'n use entity Work.n_staen(n_staens);
end foz;

end for;

end n_en{¢on;




Tisunsy de_c2

entity de_c2 is

port (data,l1 : in bit ; ss2 : in bit_vector(0 to 2) ; 01,02 : out bit );

end de_c2 ;

architecture de_c2s of de_c2 is

component s_in

port (d,1_d1 : in bit ; load : in bit_vector(0 to 1) ; 0l,02 : out bit );
end component ;

component s_reg5

port (d,x : in bit ; [ : in bit_vector(0 to_ 1) ; q : out bit_vector(0 to 4));
end component ;

component d_ffi

port (d : in bit ; load : in bit_vector(0 to 1) ; q : out bit);

end component ;

signal ssl : bit_vector(0 to 4);

signal s1,s2,53,54,55,56,da,il,i2 : bit;

begin

s_il :s_in port map (da,Lll,ss2(1 to 2),s1,52);
s_re5 :s_reg5 port map (s2,11,ss2(0 to 1),ss1);
d_f2 :d_ff2 port map (ss1(4),ss2(0 to 1),s6);
i2 <=s52 and i1 ;

il <=sl and 11 ;

$3 <= i2 xor ssl(2) ;

s4 <= ss1(3) xor ssl(4) ;

$5 <= s3 xor 54 ;

ol <=1l xor s5;

02 <=s6and 1l ;

da <=data and 11 ;

end de_c2s ;



configuration de_c2con of de_c2 is

for de_c2s
for s_il : s_in use entity work.s_in(s_ins);
end for;
for s_re5 : s_reg5 use entity work.s_reg5(s_regSs);
end for;
for d_f2 : d_ff2 use entity work.d_ff2(d_f£fs2);
end for;

end for;

end de_c2con;




Tusunsw s_reg3

entity s_reg3 is
port (d,x : in bit ;1 : in bit_vector(0 to 1); q : out bit_vector(0 to 2));
end s_reg3 ;
architecture s_reg3s of s_reg3 is
component d_ff2
port (d : in bit ;load : in"bit_vector(0 to 1); g :out bit );
end component;
signal s : bit_vector( 0 to 2);
begin
dl : d_f£f2 port map (d.1.s(0));
d2 : d_ff2 port map (s(0),1,s(1));
d3 : d_ff2 port map (s(1),1,5(2));
q(0) <= s(0) and x;
q(1l) <= s(1) and x;
q(2) <= s(2) and x;

end s_reg3s;

configuration s_reg3con of s_reg3 is
for s_reg3s
for all : d_ff2 use entity work.d_ff2(d_ffs2);
end for;
end for;

end s_reg3con;



Tdsunsy s_in

entity s_in is
port ( d,l:ai . in bit ; load : in bit_vector(0 to 1) ; 01,02 : out bit);
end s_in ; -
architecture s_ins of s_in is
component d_f£f3
port (d : in bit ; load : in bit_vector(0 to 1) ; q : out bit);
end component;

signal sl : bit;

begin
dl : d_ff3 port map {d,lcad,sl);
d2 : d_ff3 port map (sl,load,02);
ol <=s1;

end s_ins ;

configuration s_incon of s_in is
for s_ins
for all : d_ff3 use entity work.d_ff3(d_£fs3);
end for;
end for;

end s_incon;



Tdsunsu sys_cor

entity sys_cor is
port ( load : in bit_vector(0 to 1); s :in bit_vector(0 to 5) ; cor : out bit);
end sys_cor;
architecture sys_cors of sys_cor is
begin
process (load,s)
begin
if load = "01" then
case s is
when "111001""111000""001011"1"011001"
"111011"1"011101""111101"1"110001"1"101001" => cor <="'1";
when others => cor <= '0';
end case;
else cor <="0' ;
end if;
end process;

end sys_cors;

configuration sys_corcon of sys_cor is
for sys_cors
end for;

end sys_corcon;




Tdsunsw Sys_uncor

entity sys_uncor is
port ( load : in bit_vector(0 to 1); s :in bit_vector(0 to 5) ; uncor : out bit);
end sys_uncor;
architecture sys_uncors of sys_uncor is
begin
process (load,s)
begin
if load = "01" then
case s is
when "000001"1"110011"1"000011"1"100101"
"000101"1"001001"["010001"1"100001"1"*111000" => uncor <="'1";
when others => uncor <="'0' ;
end case;
else uncor <='0" ;
end if; '
end process;

end sys_uncors;

configuration sys_uncorcon of sys_uncor is
for sys_uncors
end for;

end sys_uncorcon;




Tsunsy check_er2
entity check_er2 is
port (d,11 : in bit ; Id : in bit_vector(0 to 2) ; 01,02 : out bit );
end check_er2 ;
architecture check_er2s of check_er2 is
component sys_cor
port (load : in bit_vector(0 to 1) ; s : in bit_vector(O to 5) ; cor : out bit);
end component; |
component sys_uncor
port (load : in bit_vector(0 to 1) ; s : in bit_vector(0 to 5) ; uncor : out bit);
end component;
component s_rég3
port (d,x :in bit ; 1 : in bit_vector(0 to 1) ; q : out bit_vector(0 to 2));
end component;
component d_ff2
port (d : in bit ; load : in bit_vector(0 to 1) ; q : out bit);
end component;
signal ssl : bit_vector(0 to 5); signal s1,s2,53,s4,sc,suc : bit;
begin
dl : d_ff2 port map (d,ld(0 to 1),ss1(0));
d2 : d_ff2 port map (s1,1d(0 to 1),ss1(1));
d3 : d_ff2 port map (s2,1d(0 to 1),ss1(2));
s_reg : s_reg3 port map (s3,li,l£1(0 to 1),ss1(3 to 5));
s_cor : sys_cor port map (1d(0 to 1),ss1,s¢);
s_unc : sys_uncor port map (1d(0 to 1),ss1,suc);
sl <= ss1(0) xor sc;
s2 <= ssl(1) xor sc;
s3 <= ss51(2) xor sc;
s4 <= ss1(5) xor sc;
ol <= s4 xor suc;
02 <=sc;

end check_er2s;



configuration check_er2con of check_er2 is

for check_er2s
for all : d_ff2 use entity work.d_{f2(d_ffs2);
end for;
for s_reg : s_reg3 use entity work.s_reg3(s_reg3s);
end for;
for s_cor : sys_cor use entity work.sys_cor(sys_cors);
end for;
for s_unc : sys_uncor use entity work.sys_uncor(sys_uncors);
end for;

end for;

end check_er2con;




Tusunsu sta_in
entity n_stain is
port ( clkreset : in bit ;1_datal,l_data2,l 1d3,1 1d4 : outbit;load : out bit_vector(0 to 2) );
‘end n_stain ;
architecture n_stains of n_stain is
type stat is ( st0,st1,512,st3,5t4,5t5,5t6,517,5t8 );
signal p_sta,n_sta : stat;
begin
a : process (clk)
begin
if cikk ='1" then
p_sta <=n_sta,
end if;
end process a;
b : process ( p_sta,reset)
begin
if reset ='0' then
n_sta<=st0;
load <="000" ;
1_datal <='0'; 1 1d4<="'0";
1_data2 <="0"; 1L1d3<="0";
elsif reset ="1' then
case p_sta is
when st0 =>
load <= "000" ;
1_datal <='0"; 1 1dd4<="0";
1_data2 <="0'; 1 1d3<="0";
n_sta <=stl ;
when stl =>
load <="001";
1_datal <="0"; 1 1d4<="0';
1_data2 <="0; 1 1d3<="0";




n_sta<=st2;
when st2 =>
load <="010";
1_datal <="1';
1_data2 <="1";
n_sta<=st3;
when st3 =>
load <="011";
| datal <="'1';
1_data2 <="1%
n_sta <=st4;
when st4 =>
load <= "000" ;
1_datal <='0";
| data2 <="1";
n_sta <=st5;
when st5 =>
Joad <=" 100";
1 datal <="0";
1_data2 <='0";
n_sta<=st6;
when st6 =>
load <="101";
1_datal <='0";
1 _data2 <="0';
n_sta<=st7;
when st7 =>
load <="110";
1_datal <="'1";
1_data2 <="'0';
n_sta <=st8 ;

when st8 =>

1 1d4<="1";
L1d3<="0';

[ldd<="1';
LId3<="0';

1 ld4<="0';
1 1d3 <="0';

[ 1d4<="0";
11d3<="1";

1 1d4<="0';
L1d3<="1";

[ 1dd<="0";
[ 1d3 <="0';



load <="111";
1_datal <='1'; 11d4<="0",
1_data2 <="0'; 11d3 <="0";
n_sta<=st0;
end case;
end if;
end process b ;

end n_stains ;

configuration n_staincon of n_stain is
for n_stains
end for;

end n_staincen;



R

Tusunsy decodel
entity n_decl is
port (d,c,resetl,reset2 : in bit ; o : out bit );
end n_decl ; .
architecture n_decls of n_decl is
component n_stain
port (clk,reset : 1n bit; 1 _datal,] data2,} 1d3,! 1d4 : out bit ;. 1oad : out bit_vector(0 to 2));
end component;
component de_c2
port‘(data,ll,lz - in bit; ss2 : in bit_vector(0 to 2); 01,02 : out bit );
end component;
signal sld : bit_vector(0 ta 2);
signal s1,52,s3,84,85,s11,s12,sd,srel ,sre2,l 1d3,1_1d4 : bit;
begin
sta: n_stain  port map (c,resetl,sl1,sl2,1 1d3,1 1d4sld);
dec:de c2  port map (sd,sll,sl2,sld,s1,52);
sd <= d and reset2 ;
s5 <=s2 anéi s12;
0<=s5;

end n_decls;

configuration n_declcon of n_decl is
forn_decls
for sta : n_stain use entity work.n_stain(n_stains);
end for;
for dec : de_c2 use entity work.de_c2(de_c2s);
end for;
end for;

end n_declcon;
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library iece;
use ieee.std_logic_1164.all; '
library xi4;
use xi4.all;
entity n_t_de2 is
endn_t_de?;
architecture n_test of n_t_del is
component n_enl
port (c : in std_logic; resetl :in std_logic;
reset2 : in std_logic; d :in std_logic ;data : out std_logic);
end component;
component n_decl
port (d : instd_logic ; ¢ : instd_logic ; resetl : in std_logic ;
reset2 :in std_logic ; 02 : out std_logic ; ol : out std_logic);
end component;
component n_staen
port (reset :in std_logic ; clk : in std_logic ; load2 1 : out std_logic;
load2 0 out std_logic; loadi_l : out std_logic ; loadl_0 : out std_logic;
load : out std_logic ; x : out std_logic);
end component;
signal ck,inp,inpt,x1,outen,outdel,outde? : std_logic :='0';
signal data : std_logic :="0';
signal 1d1_0,1d1_1,1d2_0,1d2_1,load : std_logic :="0";
signal re_setl,re_set2 : std_logic ;
begin
encode : n_enl port map (ck,re_setl,re_set2,inp,outen);
decode : n_dec] port map (data,ck,re_setlre set2,outde2,outdel);
sta :n_staen port map (re_setl,ckld2_11d2 01d1_11dl_0.load,x1);

data <= outen after 40 ns;



inpt <=inpand x1;
ck <= not ck after 5 ns;
T : process
begin
inp<='0";
wait for 90 ns;
inp <="1’
wait for 180 ns;
inp <="0';
wait for 180 ns;
inp <="'1";
wait for 90 ns;
inp <='0';
wait for 180 ns;
inp<="'l";
wait for 270 ns;
end process T;
res : process
begin
re_setl <='0";
re_set2 <='0";
wait for 40 ns;
re_setl <='1}
re_set2 <="0';
wait for 1080 ns;
re_setl <="1;
re_set2 <='l";
wait for 4000 ns;

end process res ;

end n_test;
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library ieee;
use ieee.std_logic_1164.all;
library xi4;
use xid.all;
entity n_t_del is
endn_t _del;
architecture n_test of n_t_del is
component n_enl
port (c : in std_logic; reset! : in std_logic;
reset2 : in std_logic; d :in std_logic ;data : out std_logic);
end component;
component n_decl
port (d : in std_logic ; ¢ : in std_logic ; resetl : in std logic ;
reset2 :in std_logic ; 02 : out std_logic ; ol : out std_logic);
end component;
component n_staen
port (reset :in std_logic ; clk : in std_logic ; load2_1 : out std_logic;
load2_0: out std_logic; loadl 1 : out std_logic ; loadl_0 : out std logic;
load : out std_logic; x : out std_logic);
end component;
signal ck,inp,inpt,x1,outen,outdel,outde2 : std_logic :='0";
signal data,erO,erl : std logic :="'0';
signal 1d1_0,1d1_1,d2_01d2_1,load : std_logic :='0’;
signal re_setl,re_set2 : std_logic ;
begin
encode : n_enl port map (ck,re_setlre_set2,inp,outen);
degode : n_decl port map (data,ck,re_setl,re_set2,outde2,outdel);
sta :n_staen portmap (re_setl,ck,1ld2_1,1d2 0,1dl_1,1dl 0,load,x1);

data <= ((outen and er0) or erl ) after 40 ns;



inpt <=inpandxl;
ck <=not ck after 5 ns;
T : process
begin
inp<='0';
wait for 90 ns;
inp <="1';
wait for 180 ns;
inp <="0';
wait for 180 ns;
inp <="11,
wait for 90 ns;
inp<='0";
wait for 180 ns;
inp <="1';
wait for 270 ns;
end process T;
er : process
begin
erQ<="'l";
erl <='0';
wait for 167 ns;
er0 <='0';
erl <="0';
wait for 40 ns;
er0 <='1";
erl <='0';
wait for 160 ns;
er) <="'1";
erl <="'1";
wait for 40 ns;

erl <=0



wait for 200 ns;
erl <='0" —
wait for 40 ns;
end process €r;
TesS : process
begin
re_setl <='0';
re_set2 <='0";
wait for 40 ns;
re_setl <='1",
re_set2 <="'0;
wait for 1080 ns;
re_setl <="'1";
re_set2 <="'1";
wait for 4000 ns;

end process res ;

end n_test;





