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Digital System Design by VHDL
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Naris Pinyowamayakorm 35104208
Bunjong Piyatamrong Advisor

1995

ABSTRACT

This thesis is to study how to use VHDL , which is a hardware description language,
to design data encryption and decrypton digital system by using DES's ( Data Encryption
Standard ) algorithm which can be applied to use for data communication security. Using
VHDL to design digital system is to study a new. trend which can reduce time and cost in
digital system development ,an;:i VHDL also supports top-down and buttom-up design
methodologies. So the system can be described from architecture level to gate level. Conclude

that VHDL is a new way to digital system design that should study.
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jﬂﬁ 2.5 Applying Abstraction to a ROM Description
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Uniformility (HundnmsBnegendrelumsefuversanideniutioviuea
MEINMIadN Module vessHaludnuazadiodulaslddaniu VEDL Building Block

° < v 4 ’ ' [ -
iliifiamsdon sWanRstwyu dmsloont Smslddeiue (Comment) (Tu&Y

Mldnswau Module srunazvimsithledie
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2.4 quvuRugIHYBIMI

Primary Language Abstraction

sriumresnuuy vnsenuuuines N wdssuanseenitudugey q e
szsams 1w uniuiiesiiuen afumyumsuenduaanad uasiildiofissdou
NYANT TUMIMNNYBIURATTIUGRY fu UR Uni gee q aws0 1918 lunaw q
danvesnesfimezsenuuy niaudnsziah W sy 4 tuRugnes
a1 AevAusa lumsadn Hardware TwiAn Afie Design Bntity Seaunsauny v |
%1l , usda nie yruULey (Subsystem) 14

Design Entity 1/52n8uAu 2 d2ulngifie 6auves Eatity Declaration Hazeiauyes
Architecture Body

Entity Declaration U0 Architecture Body (11U 2 fundnfididyvesninn VHDL
Language Library 18 §94Y84 Hardware Description n?aTum&mmmozacj‘lu Design
Fie a9 niognaouindeglu Design File w216 9 File fnoneindy smumiwisesui
ildinssnuuuamisadananes iy Module Mousiueusas Modue vInud
aoulnausias Eatty wunenfu Taoll Architecture Body vesusiay Entity Muandiafy
o8nlll nsUssmA Eatity Declaration flumsdmunmsifousis (nerface) sEHIM
Design Entity fL249583udu q nwusn Taseardnves Entity Declaration UEAIAIDEN

ao Uil

Entity indentifier is
Entity_hoader
--(generic and/or port clause)
Entity_declarative_part
-(Declarations for
--subprograms,types,signal,..)
begin
Entity _Statement_part

end identifier;
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a_ 4 o s - ‘ . . v ¥
Entity Identifier f10%0v89 Entty W3whwmuadu udas Design Eadty Sudoya
. o
nnAwueNTAY Port Mode In uazdsfoyasenlunieusnlay Port Mode Our gyt 2.7

A0819A460 1UlITAY Eatity Declaration (534 Port Clause #38) Y84 AND 1011 2

Input

ENTITY and2 IS

2 :D_ q PORT (a,b: IN bit,

t © ¢ OUT bit);
END and2;

Ui 2.7 uaRanesm In uaz Out Y84 AND (A

Architecture Body 85UANUAURUTTEHINEUNNUATIOMINNYDS Design Entity

v
Tnseerd19vee Architecture uanasasia I

Architecture identifier of Entity_name Is
Architecture_declarative_part

begi
Architecture_statement_part

end identifier;

E
Identifier 4a3. Bntity name 718 words finmesAsaden1dln awnvdusalda

1
<~

FedigyiiosdoarhiledieRfe Fouos Rotity name Tu- Architecture Body vrdpedurusiu
AuaaeTugUi 2.8

UnsanuuudmuangAnssumsiounielaseaduves  Design Eny  lu
Architecre Body  Tael¥iimsifousuneTauldnyidievdusaesisn  Description
Methods) a"q'p.lﬁ 29 LAY Design Entity #9il Architecture Body WINAT 1
Architecrure  Taeineanuuu9sAaalio Entty Declaration (o3l “Trfe_ic”) udais
noulnd nﬁammfu%’«%uun:ﬂan'lwa’a'awmmmssmauuuﬂwﬂ%ma{uanmsih
Architecture name A9ILM  “Benav”  Aauandfyuanndueuee  Archiceoture Body 1
iewe lafumeiau fieWieesvosrsesisenuuda sz High-Abstraction) 151

4 a . a4 a4 a o
TUITONVLIYYU  Architecture Body uumanmmﬂumsmaau NMSMUY8I2995 @ 7
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K 4
$AU Low-Abstraction Architecture 23Ul 29  uaesInssadnuazswasideamslua
J v : 9
voaloya (Data Flow) 41l Architecure name #8 “Dflow” H&IINWLITITIIINT

. . c‘ [ d' : . o~ . A '
Simulate Design N7sAvinNTwhmsuudlvdiulysulduanisivuninnele

""/,"Sz;enﬁty name

ENTITY and2 IS .
PORT (a, b: IN bit - in both places.
. q: OUT bit) ;
END and2 ;

ARCHITECTURE example OF and2 IS
—declarations here

BEGIN
—statements here

END example;

4 4
714 2.8 m319%0 Batity Tu Entity Declaration 4as Architecture Body

TzAUMTIYsUB TR WMET IO TALS ] 1fu¢'i1qﬂ (Lowest Abstraction Level) 8
msfoulununinseadn  Strucural Description  udfunissSnemaiauyesees w
357U Component Level Architecture Body 3 §Uft 29 umaeMWifufamsefineluszdu
Stuctural #8 Architeotre BfiE “Struct” lumeldTimsaiuwRusnsedty 3 358 Ml
(FIEWNTORAUIBBAUUY  Design 1 @1 Taol¥38ms  Top-Down Design  luusas

Abstraction Level ﬂzqnﬁauua:(ﬁuiﬂu Design File NNy
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{Behavior anly,
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Architecture
Body 2

(Behavior mixed
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(Structure only.)
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U 2.9 219 Architecture Body d$unity Entity Declaration
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Texual Formar unu9zly Schematic Diagram iflauidionon Wadesn 1 faiifie T3ms
- aa 4 4 -
Weusiuey nwthevAusalunaw q 33ioozef1ny Hardware Architecture
- v 4 .
- Stuctral Descripion Method  8FungdagUuuy  Tugtuuuvesmsidouss
Component AN 9 Wiy
oot < ¢ - v o’ L4
- Bmsussneuuviisieesefiefiisumsinuyesgduuuaidaus lugyl
1 [ « dv -
WUUYOY  Circuit , Signal TfineuruetudygAfiTIduINMmoUsn  noRnssums
19U (Hardware Behavior) 9:Qnefuieday Algorittm Taolidiesadniumedislsy
- Data Flow Description Method fianundroadany Register-Tranfer Language 7
msﬁm‘mwﬂqr’n*ﬁumiﬁmwaqzﬂlmu Tavmsdmuanisina  (Flow) vaedoynIndy
- - ¢ v e s a aa /A e aa v dqY a
nn uie TWmeed ludwueminn wie Pmmed Sndiimsme 3 wuui e

Architeciuré Y04 Hardware ennefutesauiuTael9is 3 uuude 1 juuuuild
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2.5.1 Structural Description

’lufhuﬁ’%:eiuw'lu?hwaqmuuﬁawwﬁ'au‘lums?{n:uﬁm VHDL Structural
Description Tauldwae69Ae fadmdnes 2 Sunn v:lulRoFueTassadnusaniunly
dwilanun  iesdesnsondaedreidiuriiy swa:tﬁumfwuﬁ’lﬁa'l#ﬁ VHDL
Reference Manual

VHDL Structural Description (ifuTimsefuwsiipthvesannd findrotuuan
Tatld Schematic Diagram imsizTuaasMisufimundoudovasdntszney fregash
q fvmaasldiiuludase i fumsiouiionesie 91 T Fwumudwe

VHDL Lasunuft Schematic Diagram Tuiuseels

DO_IN D__ do
DIIN[ >——dl 4 ——T >Sooour

mux

SEL_IND—‘ sel

i 210 dydnvuamaesdunninfinanives

Top Sheet

MUX Symbol

Bottom Sheet
MUX Schematic
314 2.11 M5BBAULINLY Hierachy UW Schematic Editor ¥ad5aminaniyas

Wi 210 namadydnueives admdned 2 Suwn 2995 MUX Tudlumiseen

4 : A . & U
wuulvdnNYEYBY  Hierarchical Design U 211 Foeslussduanaaiily  Schemarc



Diaeram 398 lugtuuuvesmsefingdamsFoudenielu dagui 2.12 (WA - 92
» ‘ A d ar a
Funauiuhd¥e Pin Ty MUX Symbol gt 2,10 ezasafude N Y818 UNMAD NN

sims @araeesin Teresld
¥83 Schematic WU 2,12

0 — 2
L I gy S— A"ﬂ)—
1
q
V;\ asel ) ®
a > !

1 212 uoasszAunnyesaesBunniadinanives

d L4 - -
U7 2.13 uARY  VHDL Structural Description  vedsadniniyes 2 dunm  Tay
VHDL Code snsadiousiuszney Tasmsdou Double Dash (~) feanuuiesnys
d 1] o~ A . 1] (4
1a q fisgudanniaieanuossgouseiuily Comment liauloTag Compiler (USSR

o v '
1,2,5,7,17,19 8 21,24 Tug1fi 2.13) Comment vhIdsHiars1udie .

1 EANTITY maux IS -~ Entity Declaration
2 PORT(d0,d1 set : IN bit ; q : OUT bit); -- Port Clanse
3 END mux;

4

5 -- Architecture Body
6 ARCHITECTURE struct OF mux IS

7 COMPONENT and2

8 PORT (A,B : IN bit; ¢ : OUT bip);

9 END COMPONENT;

10 COMPONENT or2

11 PORT (a,b : IN bit; ¢ : OUT bif);

12 END COMPONENT:

13 COMPONENT inv

14 PORT (a : IN bit; ¢ : OUT bir);

15 END COMPONENT:

16



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

18

I9 FOR ul :inv USE ENTITY WORK .invri(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 Statemont Part
L

25 u2 : and2 PORT MAP (nscl,d],ab);
26 u3 : and2 PORT MAP (d0,sel,az);
27 u4 : or2 PORT MAP (22,3b,q);

28 END struct;

7% 218 fed1Tilsunsuues Stuctral Description dmuadinanyes

dndmdnmed 2 Sumn uardlugld 2.13 1ﬂu'zwﬂ§umu Eatity Declaration 8¢
MUUN UTSAR 1 893 MMUAMT Tnterface Design Entity uaseamnuinden n3anesou
9 nwuen

Entity Declaration 3 Port Clause %auan'ﬁaqﬁzynpmauun (Input Channels)
(40,1 UAY set) UATYOIRQYYIUBMNN  (Output Channels) () dygAVBIAAE
Channel gadwualdilu fn Aeflmomaihu o fu 1 $9 Batity Dectaraion feruso
wSsuifeuiu Mux Symbol T4 Schematic zﬂﬁ 211 18

Architecture Body TugUil 2.13 ( ussviaft 6 84 28) eFUMEATIFURUETENIN

Design Entity Input 148 Outpwt WaAnNyaizvesTnTaad™ Architecture fizisariiainld

=

tiloufl) Schematic 93U 2.11 Component AW q #1 (AND2 , OR2 , INV) ¥
Uszneusawdusuily  MUX Design Eatity 'lugﬂ'ﬁ[ 213 gniszme A luduees
Architecture Declaration (USTWR 7 @4 15) Signal (aa , bb , nset) ansemalily
Architecture Body (USTViAT 17) Moy ofivsuny DIIHNYDI AND 1AM 2 A2 (U2
» U3) WA Inverter (U1)

Configuration Specification 1111Jﬁﬁ'ﬂ'71‘ 19 D4 21 l%ﬂﬂlﬂ1d?ﬂﬂi:ﬂ8ﬂll?iﬁ:ﬁ?ﬁ
Uszmal3idunds Design Entity 1#ou8n Design Entity Maulszneundasdariiny
ainls  ondethauvy  dutsiney Ul luussiedR 24 Ui 215 gnnszTaauds

. “4‘ 43 ” w R . Ad ]
Architecture Body Y140 "Behav @MU Design Entity WS90 Iovrt
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L d d - A 1
Architecture Statement Part (UTTNAN 24 019 27) 8FUEMTHBNAE  (Comection)
1 4 d t e
TenINdIulsEneuiitssneudis Design Unit ludauilezinisdsznmamsld Component
o vd i da a d ¢ o
31U 2,14 uaaa iU Schematic Sheet Wil MUX Symbol Sianuifiendoefy VHDL
' o
Structural Description 88W15 unufiezl¥msaniduly Schematic Sheet VHDL Structure

° P 3 [} }
Description fIHuAMII¥auasn1s luvesaulsenay

Schematic Sheet

MUX Symbol

System-1076 /
Oescription

1 a v o J N A { L &
71 224 aeeBunnlofinanee 4Tl Stuctural Description TiAEITearY



2.5.2 Behavioral Description

hm'duﬁ'ﬂuﬂumiﬂi?mat‘?qddudﬁqwaqmmfhunﬁq {ufie  Behavioral
Description  Tag 19299334 Idundethanudaneunthhdl #e MUX uas 4 Bit Shifter M&4
mna'wfhuﬁ'lé’afuw'lﬂriaw;ﬁﬂ' A9 Structral Description (ansaSsumaouduld
TEMINMIBFU0AWY Behavioral Description iU Structural Method TUANANAUBENTY

VHDL Behavioral Descripion nuilafigumsiiamyesgthivy  Tugdiuvedn
97 ua:ﬁau:q;?mﬁmauauawiamsns:é’umsmnmauﬂn ueraalugdl 211 84 2.4 wodt
ATTUMTNNIUYEY MUX anhuuaﬁwn1sm§au¢imzm’w Inverter , AND (MM U8 OR
(m é?qﬁqﬁ-fuvaqmnwin:ﬁdfx'zi‘.lu?ﬁ%laﬁuﬁaduﬁ'q Tugiuitianusudeunniy
drutsznen U1 f¢ Us Tugif 213 desauisaunuday Eadty REReATUATIOMLA
ardudsznoy 47y Behavioral Description

VHDL Description  uatAlugilfl 2.14 tetae  Behavioral Description unufiosiiiu
WY Structure Description inilansadenoumihd  tuassfisrensons MUX Symbol
aalu Schematic Sheet uAlUARTY Benavioral vetdmUsENOUTIHINMI Cirou
Fyaadu U 2.15 uamanmiieviuoalfa Futmuamaiumees MUX Tugtuuy
Behavioral

Behavioral Description quﬂﬁ' 2.15 uav Stuctural Description hlz'LhAl 2.13 ﬁ’:iﬁ
{i Entity Declaration 48 Architectire Body 194U lumtfidin liduiluesdesdou
2 Architecmre Body luIMdifeatu Feenunsamld) marvdon Eatity Declaration
Uilndnids ufufou  Behavioral Descrpion 180 File wily Ay Stucomal
Description 138 Iddiduiu  lumsesnuuueds q ndanmydou (wite) uaz Aoy
Ind Eatity Declaration tr5odondosuds Sumousie’n1sidon Behavioral Architecture
tﬂu'u:umuda'hﬂumiﬁ'u:nﬁﬂaumsvi'wwuanmﬂmmuﬁ"qmm wiamnifus e
mudou Simulate Uar Refime WifFumsiruvesluensuninsiuldgndes
sehnmdeu  Stuctral Architeonwre INWHALSIY  Structural Description 191 11hmud

4 4, 2
Behavioral Description $#8#192Y1115 Simulate 93nAT

1 ENTITY mux IS -- Entity Declaration

2 PORT (d0.d1,set : IN bit; q : OUT bit); --Port Clause
3 END mux;

4

5 ARCHITECTURE behav OF mux IS
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6 BEGIN
7fl: -- Process Statement

8 PROCESS (d0,d1set) -- Sensitivity List

9 BEGIN
10 IF sel = ‘0’ THEN -- Process Statement Part ~

11 q <= di;

12 ELSE

13 q <= d0;

14 END IF;

15 END PROCESS f1;
16 END behav;

Ui 215 #1041 THSUNTUYBY Behavioral Description dmuliadinanises

Behavior Description Mode ﬁﬂsszmffiemsmlﬁﬂﬁmtymﬁunm‘fumnaﬁeu
viDL Twan lugudu q 1ﬁaﬁmmsﬁﬁgnmiu (Y4 (5ABINTBBAUUY Traffic Light
Controller Tael¥ Structural Description  uazirdsamsecnaoylunaiulaef  Traffic
Light Controller 1 SunM9s#03iUNN Sensor fimerinn dinfumsdyaindu 15804

-

YU Behavior Description 1MIA2 fumzﬁeﬁﬁmmﬁmuqnmﬁaanmn Sensor (UMUMT -
afede )

Jounnsattuld¥ATsnin Stuctral 1AL Behavioral Description ¥84 MUX
i Architecture Body a"qzﬂﬁ 215§ Process Statement Faumumsthauiiusase

- ' 1 J
MnuangAnssumshauvessiand  wiediuladumilwesgiuy  qluuuvems

.3 L4 ' 'l d'
IW8U Process Statement HUARIAIAB [1fil

Process Statement...........ccoveene label:
Process (sensitivity_list)
Proéess_declarative_part
begin
Process_Statement_part

end Process label;



Process Statement hqﬂﬁ 2.15 Process Label f1 muﬁ"wm?awmu Colon ;
(UTSHAT 7) Process Label (flu Optional usfitlsz Towilumsnezseusnidisfuanuuan
AN Process nawa1ldgUuuulng q
. e udisenn “Process” fa Option Sensitivity List ﬁqgﬂﬁ 2.15 (UTSHAT 8)
Usznouildrodyan (@0, d1, se) sswiumyiGyansy Sdygneladyaomil
T4 Sensitivity List iiamsi/feuinlas State , Process 95M1MT Execute Ua: State ¥64
ewinn fezdluldmuyuiy  udas Process lumesnuuudievfuen 9z Execute 1
a%13Mi19M T Initialize VHDL Hardware Tuia

Waludfyued  Process Statement W7 215 e If Staement fognielu

[ 4
Process Statement Part JUUUUAUFINYEIMSITOU If Statement UXAIAIINEN

If Statement........cceeeevueerenanen if condition then
sequence_of _sSatements
else if condition then
sequence_of_Statements
else
sequence_of_Statements

end if;

If Statement lun iy ilteyAusa  segnanmundie q dullsslenlusmndangy on
asgnnindus Tendua

If the traffic light is green then proceed across the intersection or else (if the traffic
light is not green) remain stopped.

‘luﬂszTaﬂﬁﬂzagj‘luﬁma:ﬁ‘muﬁdmﬁa1ﬂ1ﬂuﬁz§m AauRtdaag 9 92N
Bxecute “else” Statement vuffumadendamienile deaarmzduitInlifudFonse
adouly

If Statement TWgUf 2.15 (usTiAT 10 8¢ 14) mm'imﬁau'lﬁ"lmiﬁqgﬂﬁia'lﬂf;

if Signal sel(select) is equal to 0 , then assign the value of the Waveform on

Signal d1 to target Signal q or else assign the value of the Waveform on Signal dO to target
Signal q.



P o P . .. P~ .. ~ ‘ -
delanmunaniizniolu if condition M358 else condiion uMBEN 1&TUanIN
4
ATUATIMUNEUTY (sel = ‘0' nTBaAN1IZATINNYBY sel < '0') target Signal q 92gn
) J (N 4
Modified IUANUHUICAY PIVUBYNL Signal Assignment Statement zﬂuuuﬁ’ugm'uaq

y
Signal Assignment inqil -

Signal Assignment Statement : target (= transport Waveform)
(Note transport, Optional)

Signal Assignment Statement 15z Toausnlugul#t 2.15 e

q <=dl,;

ﬂs:Tuﬂffv:mnﬁﬁmuﬁﬁmtym d1 ldundgae q (Optional transport) 1414
Wluseeait Signal Assignment delimeter UTNBUAIENIBNUTAIAY 2 Fafe  UNALS
{Funm compound delimeter UszTun Signal Assignment Statement é’uﬁﬂaqﬁa

q <= do;

SeIMT  Assign Waveform  IWAudygia q myldaudnediaves  compound

detimeter ABlHU relational operator “feunnnFamny” l‘b"‘l.lﬂi:TUﬂﬁ’JﬂU"Nﬂviff
IfZ <= ‘1 Then

a7 Signal Assignment detimeter <= 19 wfy Assign Mifiegnymie Wiy
Fygruiegdndhode uns  delimeter WufoAUTUA UMY relational operator
wWSsunoy “deenimIemiiiu” 1Wlumsfoudiou condiion 1u If Statement Matha
'lu;ﬂﬁ- 216 uaAmIM 30U VHDL Behavioral Description 484 4 bit Shifter (faierald
(Wi accurate UAT Succinet 484 VHDL Description tiusen InilenfSoufeudugy
HUUYBN textual Description il

The four bit shifter has four imput data lines and two control lines. When both control
lines 1 are low , the input levels are passed directly to the corresponding output. When control
line O is high and control line is low , output line O is low; input line O is passed 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 O is low and control line 1 is high; input line 2 is passed to output
line 1; ioput line 3 is passed to output line 2; and output line 3 is low. When both control
lines are high , input line O is passed to both output-line O and line 1; input line 1 is passed to

output line 2; and input line 2 is passed to output line 3.
L ENTITY Shifter IS -- Entity Declaration



2 PORT (shftin  : IN bit_vector(0 to 3); -- Port Clanse

3 shftout : OUT bit_vector (0 to 3); -
4 shfted  : IN bit_vector (0 to 1));

5 END Shifter;

p -

7 ARCHITECTURE behav OF Shifter IS -- Architscture Body
8 BEGIN

9 ¢ £2: -- Process Statsment

10 PROCESS(shftin , shfictl)

11 VARIABLE Shifted : bit_vector(0 to 3)  -- Process Declaration Part
12 BEGIN

13 CASE shfted IS

14 WHEN “00” => shifted = shftin;

15 WHEN “01” => shifted = shftin(1 to 3) & '0';

16 WHEN “10” => shifted = ‘0’ & shftin(0 to 2);

17 WHEN “11” => shified = shftin(0) & shftin(0 to 2);

18 END CASE;

19 shftout <= ghifted AFTER 10 ns;

20 END PROCESS f2;

21 END behav;

711 216 A1881TUsUNTUYES Bebavioral Description d1#5Y Shifter



2.5.3 Structural and Behavioral Description Summary

’cﬁ;ﬂ Strustural LlAT Behavioral Description 1#5»1144’

VHDL Structural Description Fumsimuamnideudeautlszneusn q Tuaey
fimadetu @ Behavioral Description 11/UMT8F1NO04 Algorithm ¥89749F AT
MMYes InpuyOuput Mmelunumsnsuauseg1elsnodyain1guen Design Bty
Ty Unit RUgIMYBY Hardware Description Mumumsiaiuves a, 51U ueda nie
TTULYDY 17'4' Structural 1Y Behavioral Description UMTUTENIN Design Entity Tagl¥
Entity Declaration @24 Architecture Body V84ufinz Entity #13estineanudunus
ssminBunnuazenTyn veq Eatyy 1 A

Structural 110 Behavioral Description  #fuAnARUst AL d%aluduyes
Architecture Body Aaustadiluguil 2.17 niivuifiousaeds MUX Axchitecture Body
Y93 Structural Description (ﬁ'quuwmzﬂﬁ 2.17) UdIUYBY  Architecture Statement Part
Feeuwmmidoudeveq Component '?iaq"lun Design Entity @7 Architecture Body
Y84 Behavioral Description (d'zut\'maqﬂﬁ 2.17) fi6uY8e  Process Statement 99

pEUWMIMIUYES Design Eatity Wu

1 ENTITY mux IS -- STRUSTURAL ----ccene-e- Entity Declaration
2 PORT (d0,d1,sel : IN bit; q : OU'i' bit); -- Port Clanso
3 End mux;

4

5 -- Architecture Body

6 ARCHITECTURE struct OF mux 1S

7 COMPONENT and2

8 PORT(a,b : IN bit; ¢ : OUT bit);

9 END COMPONENT;

10 COMPMNENT or2

11 PORT (a,b : IN bit; ¢ : OUT bit);

12 END COMPONENT;

13 COMPONENT inv

14 PORT (a : IN bit; ¢ : OQUT bit);

15 END COMPONENT;

16

17 SIGNALaa,ab,nsel : bit; -- Signal Declaration
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18

19 FOR ul : inv USE ENTITY WORK invri(behav); -- Config.

20 FOR u2,u3 :and2 USE ENTITY WORK and_gt(dflow); -- Specif
21 FOR u4 : or2 USE ENTITY WORK or)gt(archl); --

2 -

(3

23 BEGIN
24 ul :inv PORT MAP (selnsel); -- Architecture Statsment Part
25 u2 : and2 PORT MAP (nsel,d1,ab);

26 u3 : and2 PORT MAP (d0,sel aa);
27 u4 : or2 PORT MAP (za,ab,q);
28 END struct;

1 ENTITY mux IS ----- BEHAVIORAL ----ceeeee-- Eatity Declaration
2 PORT (d0,d1,sel : IN bit; q ; OUT bit); -- Port Clause

3 END mux;

4

5 ARCHITECTURE behav OF mux IS

6 BEGIN

7 fl: -- Process Statement

8 PROCESS (d0,d! sel) -- Sensitivity List

9 BEGIN

10 IF sl = ‘0’ THEN -- Process Staement Part
11 q <= dl;

12 ELSE

13 q <= do;

14 END IF;

15 END PROCESS fI;
16 END behav;

q' ) 3 1 @ a 4 )
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- ABUIABSITUN Procedure Call
- AIBUIA 8{ 137 un' Assertation Statement
- ABUIABTITUN Signal Assignment Statement
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o 4 I - v P ' -:l' (3K
Statement (iU ABUIABIITUN Satement HEmioudu Falnseadrunail lussenyly
AM70TUGIUY Data Flow Description
4 1 J a: - o
ABUIABTISUI Statement MUUAMTIHBNAD Process Blocks FIMIMUATIY q iy
920SLNUMTNNIUYEY  Design ABMIABTISUY Statement  Yinis Execute LYY
U w 4
Asynetronous S 11y AewABFisuN Statement 1 9
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Wi 2.18 urmaldituphiumsdoueine. Mx TAo3% Dam Flow Description
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uamde  ABWIABTITUY Statement Tuguil 2.18 (usTiAR 8 @4 10) MoMMuUA  Signal

Behavior

1 ENTITY mux IS

2 PORT (d0,dl,sel : IN bit; q : OUT bit);  -- Port Clanse
3 end MUX;

4

5

6 ARCHITECTURE data_flow OF mux IS
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7 BEGIN

8 cls :

9 q <= dl WHEN sel = '0' ELSE .- Condition Signal Assignment
10 do;

11 End data_flow;

7111 2.18 MeowTUTUNTHYEY Data Flow Description Yoddadinaniyes

Data Flow Description 152n8u#7¢ Entity Declaration (UTTWAft 1 @14 3) 15y
BoafufLdIo69lu  Stuctural 18T Behavioral Description  Mosneyuganeunthil
dIU¥8Y  Architecture Body Uszneuluae asuinedisurl Sigaal Assignment Statement
Fuhmiiifeuerify Process Statement (§4ﬁﬂ’z1unmumﬁauﬁu) duuuysamsdiou
ABUIABFITUY Signal Assignment erAAIAD T

Concurrent Signal Label : Conditional_signal_assignment

Assignment Statement...........

label : selected)signal_assignment

Tugdit 218 wsriadt o was 10) Conditional Signal Assignment Yuthilily

Signal Assignment (q <dl %38 q < do) ifuaejﬁmrmu:ﬁmnuﬂ'lu Condition Waveform

qhinrveants Conditional Waveform gl

Conditional Signal target <= options conditional_waveform;
Assignment
conditional waveforms waveform when condition else

waveform when condition else

waveform

Condition Signal Assignment UMUMTYHNIUYOY Process Statement R1% If

Statement lumsnavuin/asdnymsyesdyaar (Optional Guarded Transport) 1i1%iiaraq
y 3 @ 4 P . L. . . P

IMinuludsgn WemsnSouioy Behavioral Description %84 4 bit Shifter 7uUn 2.16
M Py < 4 a

uaa i uBnas luguit 2,19 uuuveszth wiauns Data Flow Description #eaiune

4 bit Shifter (Auiu (Fuang)



33

. A ¥ J -
YounnanFuiulddarsninumaefinglanld 2 5380 4 Process Staement qn
uaaudlutio 4 T Data Flow Description 40 4 Croditional Signal Assigmment (UTTVAT
- act . L a v « d o v d
904 20) U35 Behavioral Description i 1 Process Statement 1¥8thuiiiu1d%a usTiaf
9 1134 20).
> 1 .. P a ¥ . . !
MI8YNYBY Data Flow Description 1uguft 2.19 ims1¥ Endty Declaration 1%u
Y o o
\AoIl Behavioral Description (UTTWAT 1 04 §) Architecture Body 1U Dara Flow
. . 4 . .
Description 14 A9wiABfisun Signal Assignment $41l5znoufay 4 Conditional Signal
Assignment idmiuusdas Element v84 Shiftout Array (ﬂﬂutﬂﬂ'ﬁiuﬁ’ Signal Assignment

1] o { d o J
statement 141419 Optionat Label iniieuunilfluguli 2.18 ussiini 8)

1 ENTITY shifter IS -- BEHAVIORAL --eeeu--...... entity declaration
2 PORT (shftin : IN bit_vector(0 to 3);  --Port Clause

3 shftout : OUT bit_vector(0 to 3);

4 shftctl : IN bit_vector(0 to 1));

5 END shifter;

6

7 ARCHITECTURE behav OF shifter IS -= Architscturs Body
8 BEGIN

9 f2: -- Process Statement

10 PROCESS(shftin,shftctl)

11 VARIABLE shifted : bit_vector(0 to 3) -- Process Declaration Part
12 BEGIN

13 CASE shftctl IS

14 WHEN “00” => shifted := shftin;

15 WHEN “01” => shifted = shftin(l to 3) & ‘0’;

16 WHEN “107 => shifted = ‘0’ & shftin(0 to 2);

17 WHEN “11” => shifted := shftin(0) &shftin(0 to 23;
18 END CASE;

19 shftout <= shifted AFTER [0 ns;

20 END PROCESS f2;
21 END behay;
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1 ENTITY shifter IS -- DATA FLOW -eececeeceeaes Eatity Declaration
2 PORT (shftin : IN bit_vector(O to 3); -- Port Clanse

3 shftout : OUT bit_vector(0 to 3);
4 shftctl - IN bit_vector(O to 1));

5 END shifter;

6

7 ARCHITECTURE data_flow OF shifter IS -- Architecture Body

8 BEGIN

9 shftout(3) <= ‘0’ AFTER 10 ns WHEN shficd = “01” ELSE

10 shftin(3) AFTER 10 ns WHEN shfietl + “00” ELSE
11 shftin(2) AFTER 10 ns; -- End Cond. Sig. Assign.l

12 shftout(2) <= shftin(3) AFTER 10 ns WHEN shfict = “01” ELSE

13 shtfin(2) AFTER 10 ns WHEN shfictl = ‘00’ ELSE

14 shftin(1) AFTER 10 ns; -- End Cond. Sig. Assign.2

15 shftout(1) <= shftin(2) AFTER 10 ns WHEN shficti = 01" ELSE
16 shftin(1) AFTER 10 ns WHEN shftctl = “00” ELSE

17 shtfin(0) AFTER 10 ns; -- End Cond. Sig. Assign.3

i8 shftout(0) <= shtin(1) AFTER 10 ns WHEN shfcd = ‘01" ELSE
19 ‘0’ AFTER 10 ns WHEN shficd = ‘10" ELSE

20 shftin(0) AFTER 10 ns; -- End Cond. Sig. Assign.4

21 End data_flow;

qUt 219 Wisufoud1egw Shifter UL Bebavioral (oY Data Flow Description
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Input bits 1 and 6 Input bits 2 theu 5
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Input bits § thru 11

0000 { 0001 | 0010 { 0011 { 0100 | 0101 § 0110 | o111 | 1000 { 1001 { 1010 | 1011 ! 1100 { 1101 { 1110 ‘{‘1111
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Input bits 31 and 36 Input bits 32 thru 35
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Input bits 37 and 42 Input bits 38 thru 41
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5.2 mmhanuveanyluge

1. Tuga Input Buffer 8% Key Input Buffer im31sene Eatity Fait
Bntity IN_BUF is
port(CLK :IN vibit;
DATAIN :IN vibit_1d (0 to 15);
DATAOUT :OUT vibit_1d (0 to 63);
RESET : IN vlbit);

end IN_BUF,
DATAINO-15

i

}—— CLK

INPUT BUFFER
—— RESET
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Taon Key Input Buffer selimydseas Entity A& wiuuA Datain (a2 Dataout 92
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2. Ty Input Multiplexor ¥MUTENA Batity il
Entity MUXIN is
Port(CLK : IN

DataUpIn0, DataUpln1, DataUpIn2, DataUpln3,DataUplnd4, DataUpln5,
DataUpIn6, DataUpIn7, DataUplIn8, DataUpIn9, DataUpIn10,DataUpInl1,
DataUpIn12, DataUpIn13, DataUpIn14, DataUpInl5, DataUpIn16, DataUpInl7,
DataUpIn18, DataUpIn19,DataUpIn28, DataUpln21, DataUpIn22, DataUpIn23,
DataUpIn24, DataUpIn25, DataUpIn26,DataUpIn27, DataUpIn28, DataUpIn29,
DataUpIn30, DataUpIn31, DataUpIn32, DataUpIn33,DataUpIn34, DataUpIn3s,
DataUpIn36, DataUpIn37, DataUpIn38, DataUpln39, DataUpIn40,DataUpIn41,
DataUpln42, DataUpIn43, DataUpln44, DataUpIn4S, DataUpInd6, DataUpln47,
DataUpInd8, DataUpIn49, DataUpInS0, DataUpInS1, DataUpInS2, DataUpInS3,
DataUpIn54,DataUplIn5s, DataUpInS6, DataUpIn$7, DataUpIn58, DataUpInS9,
DataUpIn60, DataUpIn61, DataUpIn62, DataUpIn63 : IN vibit ;
DataSidein : IN vibit_1d(0 to 63);
DataOut : OUT vIbit_1d(0 to 63); RESET : IN vibit);

End MUXIN;
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wnmeusn Sauseud 2 §1 16 wiudeyafisznudnnmhmadiriausenoasie udan
doyaliiSaTugaduldausie
3. Tugn Key Umyszn el Entity dail
Entity KEYCHOOSE is

port( CLK : IN vibit;

Datain : IN vibit_1d(0 to 55);

DataOut : OUT vibit_1d(0 to 55);

DEEN : IN vibit

Reset : IN vibit );

end KEYCHOOSE ;
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4. Tuga Exclusive OR 32 1n oy 48 iin IimsUssme Batity fail
Entity XOR32 is
port( DatainA0,DatainA 1,DatainA2,DatainA3, DatainA4, DatainAS, DatainAG,

DatainA7,DatainA8,DatainA9,DatainA 10,DatainA 11,DatainA 12,DatainA 13,
DatainA 14,DatainA 15, DatainA 16,DatainA 17,DatainA 18, DatainA 19,DatainA 20,
DatainA21,DatainA22,DatainA 23,DatainA24,DatainA 25, DatainA 26, DatainA 27,
DatainA 28, DatainA29,DatainA30,DatainA31 : IN vibit;
DatainB : IN vibit_1d(0 to 31);
Dataout : QUT vlbit_1d(0 to 31);
CLK : IN vibit);
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end XOR32;
I
» —
o S ——
s em—
5 —— XOR32BIT {+—cCLK
e
‘ o —
| I UALALUTO-M
Entity XOR48 is

port( DatainA0,DatainA 1,DatainA2,DatainA3,DatainA4,DatainA5,DatainA6,DatainA7,
DatainA8,DatainA9,DatainA 10,DatainA 11,DatainA 12,DatainA 13,DatainA 14,
DatainA15,DatainA 16,DatainA 17,DatainA18,DatainA19,DatajnA20,DatajnA21,
DatainA22,DatainA23,DatainA24,DatainA25,DatainA 26,DatainA27,DatainA28,
DatainA29,DatainA30,DatainA31,DatainA32,DatainA33,DatainA 34,DatainA 35,
DatainA36,DatainA37,DatainA38,DatainA39,DatainA40,DatainA41,DatainA42,
DatainA43,DatainA44,DatainA45,DatainA46,DatainA47 : IN vibit;
DatainB0,DatainB 1,DatainB2,DatainB3,DatainB4,DatainB5,DatainB6,DatainB7,
DatainB8,DatainB9,DatainB10,DatainB 11,DatainB 12,DatainB 13,DatainB 14,
DatainB15,DatainB16,DatainB 17,DatainB18,DatainB 19,DatainB20,DatainB21,
DatainB22,DatainB23,DatainB24,DatainB25,DatainB26,DatainB27,DatainB28,
DatainB29,DatainB30,DatainB31,DatainB32,DatainB33,DatainB34,DatainB35,
DatainB36,DatainB37,DatainB38,DatainB39,DatainB40,DatainB41,DatainB42,
DatainB43,DatainB44,DatainB45,DatainB46,DatainB47 : IN vibit;
Dataout : OUT vlbit_1d(0 to 47);
CLK : IN vlbit);

end XORd4S;
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5. Tuga S_Box iims1lssn#r Batity it
Entity S_BOX is
port(Dataln : IN vibit_1d(0 to 47);
DataOut : OUT vibit_1d(0 to 31));

end S_BOX;
047

M
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6. Tuga Output Multiplexor #M5U52N# Entity dail
Bntity MUXOUT is
port(CLK : IN vlbit;
DataDownout : OUT vibit_1d(0 to 63);
Dataln0,Dataln1,Dataln2,Dataln3,Dataln4,DataIn$,Dataln6,Dataln7,
Dataln8,Dataln9,Dataln10,Dataln11,Dataln12,Dataln13,Dataln14,DataIn18§,
Dataln16,Dataln17,Dataln18,Dataln19,Dataln20,Dataln21,Dataln22,Dataln23,
Dataln24,DataIn25,DataIn26,Dataln27,Dataln28,Dataln29,DataIn30,DataIn31,
DataIn32,Dataln33,Dataln34,DataIn35,Dataln36,Dataln37,Dataln38,Dataln39,
Dataln40,Dataln4 1,Datalnd42, Datalnd3,Datalnd4,DataIn4$, Dataln46, DataInd7,
Dataln48,Dataln49,DatalnS0,DataInS 1,DataIln52,DataInS53,DataIn54, DataInSs,
DataIn56,DatalnS7,DatalnS8,Dataln59,Dataln60,Dataln61,Dataln62,
Dataln63 : IN vibit;
DataSideout : OUT vIbit_1d(0 to 63);
RESET : IN vibit);

end MUXOUT;
i
. LRI
 R—
s =
b __::::: | | —— CLK
g = OUTPUT
S =—— CHOOSER
g — +—— RESET
> R—
a—
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7. Tuga Output Buffer M51ssner Eatity fail
Entity OUT_BUF is
port(CLK :IN vlbit;
DATAINO,DATAIN1,DATAIN2, DATAIN3, DATAIN4, DATAINS,DATAING,
DATAIN7,DATAINS, DATAIN9,DATAIN10,DATAIN11,DATAIN12,DATAIN13,
DATAIN14,DATAIN15,DATAIN16,DATAIN17,DATAIN18,DATAIN19,
DATAIN20,DATAIN21,DATAIN22, DATAIN23,DATAIN24,DATAIN2S,
DATAIN26,DATAIN27,DATAIN28, DATAIN29,DATAIN30,DATAIN31,
DATAIN32,DATAIN33,DATAIN34,DATAIN3S5, DATAIN36,DATAINS,
DATAIN38 DATAIN39,DATAIN40, DATAIN41, DATAINA2, DATAIN43,
DATAINA44,DATAIN45,DATAIN46,DATAIN47,DATAINAS, DATAINA4Y,
DATAINS0,DATAINS1,DATAINS2,DATAINS3, DATAINS4,DATAINSS,
DATAINS6,DATAINS7,DATAINS8, DATAINS9,DATAINGO,DATAINGL,
DATAING62,DATAINGS3 : IN vibit;
DATAOUT :0UT vlbit_1d (0 to 15);
RESET : IN vibit);

end OUT_BUF;
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8. Tugn Signal Control iMyUszner Batity

Entity CTRL is
port{CLK : in vlbit;
RESET : in vibit;
HOLD : out vibit;

CTRL_RESET : out vibit;
CTRL_LINE : out vilbit;
PLAIN_SHIFT : out vlbit;
CIPHER _SHIFT: out vibit;
KBY_SHIFT : out vibit;

LOOP_SEL  : out vibit;
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XOR48 : out vibit;
XO0OR32 : out vibit;
MUX_IN : out vlbit;
-MUX_OUT  : out vibit);

end CTRL;

T —
EY_SHIFT —|
e — B
_SHIFT— I HoLD
LOOP SEL—  CTRL oL
XOR3? |
OR32— | SE
MUX_IN — RESET
MUX_OUT
L

v v - o
idggravudide cx dudggrannimuesszuuie A leaiinuaiilims

d
vh»nutmztﬂnuuﬂmu:
o v 4 A 9 aa a ¢
Reset ({uvidggrauisifuaumsmhauvsspbios uasintos

Ao IMuAYBITILL
v100nfie CTRL_RESET ifuvdggnaitds lraunu Tugaseq temhmsiioaus
arlugn
CTRL_LINE iiuwndgygiaitosds fagunselflesiunigfusoa e
venltfimdouilezsundoddoynihmadsianooonsia

d ' v
PLIAN_SHIFT iflundygraumeseaTuidfu clock 18iuTuga nput

Buffer
v o ' v
c1PHER _SHIFT Hunidyapaifiozds Wiy ciock WfuTuga cutput
Buffer
o i o (Y
KEY_SHIFT iuvidgygadiesdalifhu clock 1¥iuTuga Key mput
Buffer

Loop_SEL iiunidgyapaitosdelihfu clock 1d8uTuga Key

XOR48 uns XOR32 (Thindggnaitosea Tl ciock Wi Tuga
Bxclusive OR 48 0T Exclusive OR 32

MUX_IN Slundoapadiosedaliflu clock 19 Tuga Input Muttiptexor

MUX_ouT fhundygnaiivsaa iy clock 18Tuga Output Multiplexor
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Tuam‘fﬁmiﬁmuﬁa sradadygrouiotionlugasng taradiy clock
e I Tugaseadmahadadusiud i wemunumahauidaerndostu  Taoes
wdefmnmsianuadeldyayin Reset Sulfousn 1 i o amfuszahredyg
Ctrl_reset w?'mﬂﬁai'ﬁmuwﬂmdaziuqnt}au udahimsas Clock Musinz Tugagesrhay
9. Tuga DES finmsilseme Batity Keil
Entity DES is
port(DATABN  : IN vibit_1d(0 to 15);
HOLD : OUT vibig;
CTRL_LINE : OUT vibit;
KEYIN  :IN vibit_1d(0 to 15);
DATAOUT : OUT vibit_1d(0 to 15);

CLK : IN vibit;
DeEn : IN vibit;
cs : IN vibit);
end DES;
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" — —GTRL_LINE
e T N e
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. — — DEEN
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START CONTROL UNIT
CLOCK
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LCONTROM

l
CONTROL
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OUTPUT BUFFER
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