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VERY LARGE SCALE INTEGRATED CIRCUIT DESIGN USING VHDL
( FINITE FIELD INVERSE / FORWARD TRANSFORM MACHINE )

Phatcharee Makpo

Sompong Srimeteepong

Dr. Somsak Choomchuay Advisor
1996

ABSTRACT

This thesis presents Very Large Scale Integrated Circuit ( VLSI ) design for encoding
and decoding by using the Finite Field Fast Transform Algorithm . The Reed-Solomon Code
which is the frequency-based transform were selected as a design excercise. This method of
decoding demands a great amount of calculation, especially in Discrete Fourier Transform
( DFT ) and Inverse Discrete Fourier Transform ( IDFT ) . Data are first decomposed by
using Prime Factor Algorithm ( PFA ) method and then Short Length Algorithm ( SLA )
method is applied to each dimension transformation to improve the computation speed.
The developed algorithm is then mapped into the hardware piece by mean of Very high speed
integrated circuit Hardware Description Language ( VHDL ) and Field Programmable Gate
Array ( FPGA ).
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M Ierauea ( VHDL )

YovAuoa ( VHDL ) t}aumnﬁrh VHSIC Hardware Description Language
( VHSIC: Very High Speed Integrated Circuit ) 1ﬂummﬂaummms~ﬂnm ( High Level
Language ) VHDL Lﬂumm‘n“lﬂumsmsmumﬂa'ﬁmasﬂunnmsmamsmzmmauwuﬁ
mmaﬂnsmmsmm"luaﬂum ¥DIUBANY n‘]umumnnmm“l‘mﬂuﬂiﬂaw"lunﬁaﬂn
mmmJnsma1i(ﬂmsm‘luswﬂnmmumsuuummaamncﬁﬂu Failiiossn vepL il
mymmmv‘lumsmm‘lﬂumsmammums°nmu‘uamﬂﬂsmanmﬂmmmnﬂmuum
Tugnifalasmueunsonumaluladlan sntilsendanmimzalyelumseen-
Huy '%'a‘lﬂyﬁmsﬁmﬂ‘;ﬁuaéwn%waw‘lmamsmmwnssu slupveImyIeYALea
Jsznouaio 2 alng Taun A2UYEMEIEIAIUITYA ( Sequential Language ) UMM
ABUIADIISUN ( Concurrent Languege ) mﬂﬂsunnm:1ﬂmymmmuaammsnwuu‘lﬂm
Aoz uuusINAY uan%1nummymammmaﬁmummswﬂumaswmnszum}ﬂuwyw;'m
ﬂuxwa‘lﬂtﬁusznuiwm‘lﬂ o mmsnmnuﬂsﬂunnhmnsm ( Syntax ) Snvadaiinsasan
ﬁanmmnmﬂ‘umﬁamyﬁanmm'n ( Simulate ) Tandely msrzTisunsuiidou
Tﬂmm'mLmammmumscnmamwamwaeumsnmu aziulumsaeying ( Compile )
ir"umsmwﬁfmm’mmn‘vwmwmmum ( Semantic ) atm'lsnmmmmmmﬂ.umm
qmcxmuhsﬂtmmmuﬂgmmmmmm Lmmmtmsmmmamummmmnmmmm‘lﬂ’l'u

QWﬂIﬂUlUiﬂl‘ﬂuﬂﬂQﬂﬂB'li"ltlﬁxli)ﬂﬂ"ﬂw'mUﬂ

3.1 11z VHDL ( Introduction to VHDL )

“lmmqaiau‘umﬂ 1981 amnumamsﬂmﬂu( The Institute for Defence Analysis )
‘luan%"imusm'lmmmﬂm mnu'uuﬂiumm mammswwmmmn“h;’lumsussmtmsa
't'Jli‘U'lfJ?lJllUUﬂ'liWN'mllﬁ mmt’fuﬁuwmqﬂﬂsma1smmuuu°lnuw HANTTN MUY
ﬂiuu"lfl'lx‘l'lu‘lfﬂi:‘l?:’f;ﬂ(lﬂlﬂﬂﬂ’lﬂ’lﬂﬁﬂiiﬂ‘lﬂﬂﬁﬂlnS‘U'Ll liUﬂ')’l VHDL ( VHSIC
HardwareDescription Language ) Tag VHSIC Lﬂu‘mUa‘umuwuﬂnuwammuunmqm

mmf‘)"mwssmnuﬂ'numqamn ( Very High Speed Integrated Circuit ) aowluil 1985
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JEEE Ymimiswdnduly  VHDL nmmﬂumy1ﬁ;ﬂuu1mgmuazﬁmsaan%’uﬁ"uat}n
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fanlaneesvesaaneana  Tuasluszuufiuanaeen oy wodnssumsi
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msAaneszranquihaus iy ladusydd

3.1.1 veMrua ( VHDL Requirement )
Tuenea15u9e DoD ( Department of Defense Requirements for Hardware Description

yy ¥

[ 9 »
Language ) 3sosnnludounnsiaui 1983 ladwwedmuadmivn iy VADL Tl

3.1.1.1 f‘fﬂHﬂl%ﬁﬂﬂ ( General Features )
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3.1.12 m'i’umgumsaammmmnﬁﬁn-ﬁyu ( Support for Design Hierarchy )
asooauLLILEF Y vﬁuﬁnumzﬁﬁ1ﬁma&1enﬁaﬁ1n%”umsﬂammuﬁﬁnmﬂq
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3.1.1.3 1aus15 ( Libraly Support )
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3.1.1.4 MAVMAY ( Sequential Statement )
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3.1.1.5 NS IMUAANTUIA ( Generic Design )
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3.1.1.6 ¥UAUBIUDYA ( Type Declaration and Usage )
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3.1.1.7 TUsunsueag ( Use of Subprograms )
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3.1.1.8 MINIVAUNIAT ( Timing Control )

¥y (2] E4 1 4

VHDL ey lnpsenuuvannsdmuanan lumsasiveyansodyg i lanu
¥ . 9
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14 v
siuuuvesdyanuuin ladnady

¥
3.1.1.9 Msimuanup Insasn ( Structural Specification )
Y P v
mstmualastasnussssndszneuaunsonseiilalunng szauveniseanuuy
-3 4 L4 H a 4 v ] v o
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3.2 ANUMNITOVBINBINOBANDA ( Capability )

- éN 1 VHDL mmm‘h?xﬂuéaﬂmﬂumsuaﬂtﬂﬁuuszninénﬁﬂ%ﬂﬁm;aﬂﬂ
{11y ( CAD Tools )

- Mmihidenaniunsianniioudemssznndied ( CAE ) uazdiefiya ( CAD
Tools ) 1¥% Fan19oalnn ( Source code ) Y89 VEADL aansonowIwalaslsnouna
mas{( Compiler ) t1ag ngmas{( Simulater ) Tﬁlynawﬁmmnénﬁu

- 7111 VHDL aiuayumssaniiyy wumetann ¢ Top Down Design ) #agtiyy
1 MMoudW ( Buttom Up Design ) T T ORI

- ¢ VEDL dhinnial ( Generic ) NsamaTuladsulasuniie Tuvaz
Aufuiaunsemivayunaw malulad

- #0141 VHDL fﬂmiﬂﬂ.muﬁ:‘,ﬁ‘lﬂ')‘lm‘gﬂﬂ1ﬂ’1ﬂtm1§1§t;

- ﬂﬁnauun1saentmuﬁgﬁ:un=§ﬂﬂsﬁa ( Synchronous ) #azezFI AT
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! various levels
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3.3.2 Modularity
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3.3.3 Abstraction
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ENTITY component_pame IS
input and output ports.
physical and other parameters.

END component_name;

ARCHITECTURE identifier OF component_name IS
declarations.

BEGIN
specification of the functionality of the component

in terms of its input lines and as influenced
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by physical and other parameters.
END identifier;

gﬂﬁ 3.7 uraamsAmuanindeuaeuazaanaonssy
3.4.1 msﬁmuﬂmsn#auéa ( Interface Description )
msﬁmuﬂmsvf}auémﬂmsﬁuuuqmmmsaammn Tuseduiiazavafimun
wa{ﬂﬁm%"vmsﬁﬂéaﬁnmﬂ/ﬂsznaumuuaﬂﬁ'm ﬁaﬁmt}n“lugﬂﬁ 38  ydAdvden
‘lﬂazuniuuazmsussmnmsnffam{mmmﬂ'ﬂszﬂauﬁm%”uh;ﬁﬂgwummﬁm UTINAUIN
Lﬂumsf‘hnuﬂ‘?'fmmmﬂ'ﬂszﬂanc‘?}af‘imuﬂﬁsﬂu‘ﬁa clock_component AuA20f171 PORT
uaz'?}aﬂmwas}mﬂumﬁu IN uaz OUT ﬁmuﬂinummﬁmtymaﬂuﬁuunn?mmnlvgn

»

BIT (e ayHauevoya

CLOCK clk

€n »

A packaged

Component

ENTITY clock_component IS
PORT (en: IN BIT; ck: OUT BIT);

END clock_component;

31 3.8 taaeuion1ABLUATIIEE M UTTEWN1TFBUABYBA clock_component
3.42 msﬁmun;ﬂuwmmﬁma ( Architecture Description )

nu"nﬁmsﬁmuummﬂ'ﬂwﬂangnussmamu‘luémffmmSﬁmammmf‘imuﬂ
fi'maqﬁ'igiymsmn(uniumanﬂaqﬁuunné'a'lugﬂmmmﬂlﬂsznauém wionaneI0e19T
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a ‘ﬂ . 9 | e . a ¢ A yw &
en finuiu “1” MWL periodic 92gNABUNAIUA ( Complement ) tazaIM INAY ck Failu

o * b 4
yanue MmN MA WAIT smualndgyanadiauduna 1 Tulasing

ARCHITECTURE behavioral OF clock_component IS
BEGIN
PROCESS
VARIABLE periodic : BIT := 0 *;
BEGIN
IFen="1" THEN
periodic := NOT periodic;
END IF;
ck <= periodic;
WAIT FOR 1 US;
END PROCESS;

END behavioral;

31N 3.9 HAAINTVTTOIBTINGANTIUYDI clock_component

3.4.3 TUsunsuees ( Subprograms )
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TYPE byte IS ARRAY ( 7 DOWN TO 0 ) OF BIT

PROCEDURE byte_to_integer (ib: IN byte; oi: OUT INTEGER) IS
VARIABLE result : INTEGER =0 ;
BEGIN
FOR i IN 0 TO 7 LOOP
IF ib@ = 1" THEN

result := result + 2%%;

END IF;
END LOOP;
oi := result;

END byte_to_integer;

[] L4 (s
51l 3.10 uaaans 15 Insdiees

FUNCTfON f (a, b, ¢ : BIT ) RETURN BIT IS
VARIABLE x : BIT;

BEGIN
x = (( NOT a) AND ( NOT b) AND c¢);
RETURN X ;

END f;

1 3.11 waasms laansu

3.4.4 TenJes151ae5 ( VHDL Operators )

maussoFmgAnssulu VEDL Alidinssimiaelnuazatiacansinifeiu

¢ o :
fumpizenmngialudegili 3.12
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PREDEFINED OPERATORS
LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORS : = /= < <= > >=
OPERAND TYPE : any type
RESULT TYPE : Boolean

ARITHMETIC OPERATORS : + - * / ** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical

CONCANTINATION OPERATOR : &
OPERAND TYPE': array of any type
RESULT TYPE : array of any type

517 3.12 uamsdansi i VEDL

3.4.5 1A WATANUNTOUNIBY ( Timing and Concurrency )
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3.4.6 aeyanamazAls ( Signals and Variable )
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.............. » System Design  [(--.-....7] System Simulation
.............. o Functional Design [,~.~~-"~"""] Functional Simulation
.............. » Design Entry
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Design rule Circuit Parasitics Check
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DATA CONTROL
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3.6.1 MIVISELNUBINGANTIN ( Behavioral Description of Hardware )
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3.6.1.1 INsIHa ( Process Statement )
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PROCESS

declarative part

BEGIN

statement part

END PROCESS;
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3.6.1.2 MINMUaAINTe RNl INs13a ( Declarative Part of a Process )
FanseimoluInswadl 3 wiia fe dauals ( Variable ) e ( File ) uazdngi

( Constant ) Funseitiamriiateniimsdsemal i Inswalaiesly lamme

Tnstsenfummiu ﬂ1567919%8f’ﬁmwuafm?ﬂszn’hﬂwsnwmmsmzm"lﬂy'Iﬂu"l;ﬁm"mum

( Signal ) n5ednNA ladsemaTlluauuss ARCHITECTURE

PROCESS
FILE flush : TEXT IS IN “filename.dat ;
VARIABLE var : BIT;

CONSTANT n : INTEGER :=0;
BEGIN

END PROCESS;

51 3.17 aaadregemisiszmadanseihniou Iwsire

H b ) @ o A * ! [-d Q"
st 317 wemsesnmsdszmadinssimeluInse Fezegsenindid
v ] t 4 . 9 tY
PROCESS uaz BEGIN miSuaungnimualududinssimeluInsmassgminnlylu
L 4 9 e v E4 v
=4

) ¥ * v ]
aepSuauvsInsUfiAmsnsuRsImmiu uamisuauiegmelulysunsusesszgminn

Y Zda o ah .2
TegnasaniimsSenlsTusunsugeniug

3.6.1.3 MIAMUANINTLIN0 U INTI¥E ( Statement Part of a process )
msnseilag ameluTwseasniumsUfiAuuud iy ( sequential ) tawe aelu
t 4 ’A ° °y ¥
Tnsiaannsalygluunvesmslsloulyniomsidnlawu  IF-THEN-ELSE, CASE-

WHEN, FOR LOOP 1a¢ WHILE LOOP asmeenlugi 3.18 uaz 3.19
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ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS

BEGIN

X <= ‘1,;
IF x='1" THEN

perform action_1
ELSE

perform action_2

END IF;

END PROCESS;
END demo;

510 3.18 ueasReulumsnszirluInsie
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ARCHITECTURE demo OF partial_process IS

BEGIN
PROCESS
BEGIN

X <= a AFTER 10 ns;

y <= b AFTER 6 ns;

END PROCESS;
END demo;

P o
51l 3.19 wamamsnszilu Twsiva
” - o
3.6.1.4 MINTERUUAZIUEINSNTMUBITNIIWA ( Sensitivity List )
o a % = ava ! da =
msnsziinoluInsmezeSounsouuaziimsdginavsgaceanamimsnasu
‘a :3’ M -] Y A o e’: o i

wlasvsamgmsuiaiu - snelspasmunsanszquniedudinsnszihneluInsiadla

4 o 3 ¥ X ~ wa 4 (A ‘é’ e
Taomsmimuasienisvesdyanaiinesns v Inswalfidouilelivgmsaimavudy
o 4 o Y2 G da d o oo n "w ¥, K
Fayanaiimdmualammiu mgmsalaq Mfevusudyanui luladmualaluswmsee

[ 1 4 } 4 v

TuaamalniimsnseimoluTnsva somsvoedyouiisonn Sensitivity List Hazgn

1 4 3
fmualimeluradundsids PROCESS

- ™ ’ @ ' & ’
511 320 uaae ( a ) Avvnlumaies (b ) AIBENMIVITOWMIIFOUADYDS
v L4

D-Flipflop 317 3.21 HARINISUTSNITINGANTTVEL D-Flipflop ( a ) M lydImsziing

b 4
venInswrauaz ( b) mslydnseimolulnswea Taoliswmsvosdanna (st set, clk )

td
dhudinszqumsififamnoTuTnsme
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1D Q

(a)

ENTITY d-sr-flipflop IS
GENERIC (sq-delay, rq_delay, cq_delay: TIME := 6 ns)]
PORT (d, set, rst, clk : IN BIT; q, gb : OUT BIT);
END d_sr_flipflop;

(b)
517 3.20 (2) @298n3TWRA D-FlipFlop

4
(b) MIVITHWMNITIFOUABYDS D-FlipFlop

ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGNAL state : BIT:= 0 ;
BEGIN
dff : PROCESS (rst, set, clk)
BEGIN
IF set = ‘1’ THEN
state <= 1’ AFTER sq_delay;
ELSIF rst = 1" THEN
state <= ‘0 AFTER rq_delay;
ELSIF clk =1 AND clk’ EVENT THEN
state<= d AFTER cq_delay;
END IF;
END PROCESS dff;




4

q<= state;
gb<= NOT state;
END behavioral;

€))

ARCHITECTURE average_delay_behavioral OF d_sr_flipflop IS
BEGIN
dff : PROCESS ( rst, set, clk )
VARIABLE state : BIT := 0;
BEGIN
IF set= ‘1" THEN
state = 1 3
ELSIFrst= 1 THEN
state = ‘0’ 3
ELSIF clk = ‘1’ AND clk EVENT THEN
state := d;
END IF;
q <= state AFTER (sq_delay + cq_delay)/3;
gqb <= NOT state AFTER ( sq_delay + rq_delay + cq_delay)/3;
END PROCESS dff;
END behavioral;

(b)

510 3.21 HAAIMIVITNWBINGANIINYDI D-FlipFlop
i 4
(a) Mslsmnsemneuon INsyd

v
(b) M5 lymnssimeluInse
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3.6.1.5 M3INYATD ( Sequential Wait Statements )

o

o« & da¥d " v a &
msngasaugdnuusidenlsenunnawesdyguiiog 4 Juvua

WAIT FOR waiting_time;
WAIT ON waiting_sensitivity_list;
WAIT UNTIL waiting_condition;

WAIT;

k4

v v v H v ¥V e
fdangaseaunsalylanmoluIwswailugndmua  Sensitivity List  lammiu

WAIT FOR 9:mgasoilunaumiy waiting_time WAIT ON 94gasaauneciimg

@ 9

s 14 T
msaufadufudane:  waiting_sensitivity_list WAIT UNTIL 924gAsaaun13ou 1

waiting_condition 1/asu91n FALSE iy TRUE WAIT vzvgasens 1

3.6.2 msusssnm?mnszuwaqa ( Dataflow Description of Hardware )
= t 4 : v v - Ps
msussnonszuaveyaiumsussesiimsiouTnavesveyanuidmmesuas
ol [} . v
Wovesszuy  useduiuresmsussoeogasInaNssnINMIUISNUENGANTTUIAY
a ¥ A & da% & e N
msussnuelaseas nieslsilslumsaruquasiadouInavesveyalaun conditional

LY i ; ’f-‘ 2 o a
, selected QY guarded 1“”?“9“931!ﬂﬂ@1ﬂlﬁuﬂﬁﬁﬂyﬂlzllﬁziﬂliUﬂﬂaQﬂ'ﬁUssU’wl‘lﬂ

v
Y =

° 4 : Y o &
NITHTVDYD swm‘uamnummzneuhmm wsouRUNwIveNIlsENDY

L4
3.6.2.1 M3t mMuAdsnveya ( Multiplexing and Data Selection )
Y P P PAl ] E 4 o o
Tussuudsaea  Tassasivesgunsussawsaiulnyesgnlydmiumadaden
1 Y 3 [] v a e
uazmniweyanglauasidmmes il 322 waawoselumauasMTUTIIINIBY
L4 ]

a L4
NITUTUDYAUD 8-AD-1 uamwﬁmqras
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MUX

(a)



ENTITY mux_8_to_1 IS
PORT ( i7,i6,i5,i4,i3,i2,i1,i0 : IN BIT;
§7,s6,s5,54,83,52,51,50 : IN BIT;
z : OUT BIT);
END mux_8_to_1;
ARCHITECTURE dataflow OF mux_8_to_1 IS
SIGNAL set_lines : BIT_VECTOR (7 DOWNTO 0);
BEGIN
set_lines <= 87 & s6 & s5 & s4 & s3 & s2 & s1 & s0;
WITH set_lines SELECT
z <= ‘0" AFTER 3 ns WHEN “00000000" .
i7 AFTER 3 ns WHEN “10000000”
i6 AFTER 3 ns WHEN *01000000”
i5 AFTER 3 ns WHEN 00100000~
i4 AFTER 3 ns WHEN 00010000"
i3 AFTER 3 ns WHEN *00001000”
i2 AFTER 3 ns WHEN ‘00000100~
il AFTER 3 ns WHEN 00000010”
i0 AFTER 3 ns WHEN OTHERS;
END dataflow;

(b)
P N o a o ’
JUMN 322 uarad 8-AB-1 WARNANIYDS
(a) Tuaa

b 4
( b) MIVITWIBPINTTUTYDYD

£ 4

s A o 4 4 o 0” -
set_lines (udyanaififimuatiuunimesudaynu@eniia 8 Suwn (s7 - 0 )

T

L 4 y Y a o o 2 ﬂv P ¥ v
aoruanh I sdudyanalumsimuadenduymaaladamilanduemm z ol
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v v v 1 4 Pd v '
suwnlatimudu U m 0 ergnaludumewwi z wdwnnawulld 3 as. @u

o ar

= 4 ’ ¥ l: y ’ €2
Bunmdu (i7-0 ) szgnaaln Z Yuegiudyanugilla (s7-0) Haudu ‘1
3.6.2.2 MINMUANIA ( Guarded Signal Assignments )
t4 Yy v
TumsussnenszumBeyas aunsodulou lvdmiumsimuamdyanula

e et g 3 o d
1aTas lyfids GUARDED Feligtuuulumsoudail

target <= GUARDED waveforms or conditional waveforms or selected waveforms;

3 ] 4
5101 323 waasdiesnmsly GUARDED Tumsussewmsieuues d_flipflop
» E 4 v £ 4 » []

m3fimua GUARDED #hlaTaslsgiliuesdids BLock muadeeu lumeluradudi
o fdy ¥ 2 daa & 3 o

HOANSN 1A9INIUALTINAS  GUARDED  wums  lugiiumsussesmsiuees
5 0 & e = 3 € 9 a’

d_flipflop Mumshauedyapanninlimsnifoumdasn 0 i ‘1 wiedyanun
é’ g it 4 ° & yv v A ¥ A&

u 91721 GUARDED galshudeulumssmuamindy q uaz gb wiufie oleulume
) L3 ] ) L 4
Turaduiiauiu TRUE ( GUARDED 1ihs TRUE ) i1 d ag NOT d segnasmIndy q uas
gb minideulumehuduiinuilu FALSE ( GUARDED iilu FALSE ) i d iaz NOT d 92

Tugnaslnny q uaz gb

—Pa

(a)
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ENTITY d_flipflop IS
GENERIC ( delay 1 : TIME := 4 ns; delay2 : TIME = 5 ns;
PORT (d, ¢ : IN BIT ; g, gb : OUT BIT);
END d_flipflop;
ARCHITECTURE guarding OF d_{lipflop IS
BEGIN
if : BLOCK (¢ = ‘1" AND NOT ¢'STABLE )
BEGIN
q <= GUARDED d AFTER delayl;
gb <= GUARDED NOT d AFTER delaly2;
END BLOCK if ;
END guarding;

(b)
51/ 3.23 uaAWIBENMS 1% GUARDED

3.62.3 MIKoNdsT ‘lrmgﬂ ( Resolving Between Several Driving Values )
1umqms'ﬂms(ﬁ‘nmﬁqnsﬂﬁxs1ﬁmuli’ntﬂuw’mv%"am;ﬂna1ﬂq mm'v!n‘lﬂﬁaﬁmgn
1ﬂauwnnm m‘lunsmﬁmum‘nmm‘lmﬂﬂmmﬁuﬁuumﬁtymmml ahufu vy
mmsnsyfhﬁuuuau'lﬂ Tume VEDL mingdi nsfmuamonuaien ammtu’l'nﬂn
ﬁmmmmm=1Nnﬂv‘lnnnawﬁmmﬁu'lﬂmuaunu Wunsiliuiisemnsounlvlalas as
nmumﬂunuﬁammwmma"lmaanﬁsa-umm i 324 uaasemelensuidenass
'ummumj AND mmuuﬂ“lnaiymmmmmninuﬂmmnmwnﬂmmsmnu‘luaﬂumw‘um

1713 AND ﬂmﬁvnau mmmmunﬂmmnsmmmﬂuﬂwawaua'lﬂ
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ARCHITECTURE wired_and OF y_circuit IS
FUNCTION anding (drivers : BIT_VECTOR) RETURN BIT IS
VARIABLE accumulate : BIT = ‘1 ;
BEGIN
FOR i IN drivers RANGE LOOP
accumulate := accumualte AND driver(i);
END LOOP;
RETURN accumualte;
END anding;
SIGNAL circuit_node : anding BIT;
BEGIN
circuit_node <= a;
circuit_node <= b;
circuit_node <= ¢;
circuit_node <= d;
z <= circuit_node ;

END wired_and;

o

» 1 4 )
51t 3.24 uananslofandu anding fuMsIABNAITVOYD

3.6.3 NMIUTILENBIINTIT ( Structure Specification of Hardware )
¥ b 4 P4
ﬂ’\'i‘1J5’5tJ'ltJﬂ'l‘i‘nNTu‘UﬂQSS‘U‘U‘INWQTﬂi\iﬂﬂ\iil:‘mﬂ@uﬁﬂﬂi'ltJﬂ'li‘UfNQl]ﬂiﬂl‘iN
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sonuuptueela 3) nalnlumsieuneseningdniu 4) Tassasumsimuaginsusia
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3.6.3.1 M3 MuUATauss ( Parts Libraly )
Vv 9 y
Tuaveiisziaamsosnuuunniiugu 3 ¥iiafo INVERTER, NAND innwiia 2
= a &£ g ’ dy 3 i =) o ¥ '
Sunnuaz 3 Suwn FuamugmmaniiwgaduhlulavsSuaznihunluniuaulszney

» H ¥ ]
tvepanuuuiuesilngiiuaelu

t 4
‘. =

t 4 [ b4 ¥
Tunseenuuylasmusdydnyuiihoiveslidl

L] ] -]

Interface Aspect Input Port Output Port Bidirectional Port

' ' L4
511 3.25 uaasdgydnyamudigdnu

a 4 s
i) BUBsIMeT lNAA ( Inverter Model )

d’ s Y F 4 N
51 326 ( a ) usAsdydnyuveY Inverter 31 (b) HAAINITUT IO IHOUAD

° K Tad a ) a a Y o
Tﬁﬂﬂ’]ﬂuﬂ‘lﬂq‘ﬂﬂimu%ﬂ?‘l inv {DSPNDIANITARAD i1 lﬁuﬂuﬂnllaz ol lﬂulﬂ‘]“w.'nu
2O v

v ¢ -

FiinvsevoyaRrm Doy BIT SrEnnsafmuanesatuUuTBIRmN
»

( Bidirectional ) TalasmsdmuaTnuailu INOUT 31 (¢ ) Harainsvussesmsinnuees

aunsal

inv

i1 ol ._

(a)

ENTITY inv IS
PORT (il : IN BIT; ol : OUT BIT );
END inv;

(b)
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ARCHITECTURE single_delay OF inv IS
BEGIN

ol <= NOT i1 AFTER 4 ns;
END single_delay;

(¢)

51U 3.26 UeA Inverter Model
(a) HaAIdYANYAUVDY Inverter
(b) HAMIMITUITTEWMSIFOY

(c¢) HEAAINITUITEWNTNIU

v ) NAND 1h"1uiaa ( NAND Gate Model )

4 M ) )
gﬂﬁ 3.27 UAANANANBUNATNITUITEIWYDI NAND IDNFUA 2 BUNWN

nand2

ol-——

(a)

ENTITY nand2 IS
PORT (il,i2 : IN BIT; ol : OUT BIT);
END nand2;

(b)
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ARCHITECTURE single_delay OF nand2 IS
BEGIN
ol <=1l NAND i2 AFTER 5 ns;

END single_delay;

(c)
710 3.27 ietAa NAND2 Model
(a) uamﬁﬂgﬁ’ﬂym(mm NAND2
(b)) HAAIMTUTSNBM5 TR

(¢ ) HEAIMITUTTIOM TN

' v Y]
3.6.3.2 M31aNADUnsUNUFIU ( Wiring of Primitive )

v b4 £ 4 v
v

d‘ g dy P o gll ! dy
L?J’f]!iflﬂi)f]ﬂ!L‘UULﬂ“ﬂWH§1uLSH‘U‘§ﬂﬂLLﬁ? ‘U‘LW]ﬂu@]E)lllhﬁuﬂﬁu%ﬂﬂWN“ﬁﬂuﬁﬁWu

o

v v ¥ ¥
Ve iNI9s - 0 UaAIMIBeRLLLUAS AT U TE1065e 1ATIa5 190999995
=4 y‘: o 4
nfSeumon Taslydunesmasias NAND AN
fI9E1IM3RNLULINNSa LN ( Logic Design of Comparator )

Y
2esnfeumeuiazda ( Bit-comparator ) szneumledyanmueya 2 duwm

'

=

Ty uAIuAY 3 UNN tasdyanawanSoumeu 3 BunnaegUi 328

Comparator
smne B
— | B A>B —
A=B I
_ > A<B
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d' = ) a
JUN 3.28 uaanvsalSeumeunazin
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o Myn A>B audly ‘1 Wodunn A TAWANI B ( AB = 10 ) uiem A Iy

D

B uazdunm > audu ‘1’ wmwn a=B Haudu ‘1 Weduwn A mifu B uazouUWN = I

' ﬂ ¢ s o ¥ g o v A oal ﬂ ¢ v A a a
ALY 1 ﬁ')ulﬂ17n"ﬂ!°n A<B iJ::ﬁN‘U“liJﬂME)TVI‘V!W A>B HUAD WANLUY 1 Lil’ﬂf)u‘vgﬂ AU
v v . v

AUBYNI B ( AB = 01 ) H59071 A (MU B uazduwn < taudu ‘1’
AI0819M5U3eN8  VHDL wenrsesufSuuiieufiazlin (VHDL Description of Bit-

Comparator )

» »

A A ' A A oa A
glh’] 3.29 !!ﬁﬂ\?ﬂ"ﬁi1]35ﬂ']ﬂﬂ1§'£‘lf@Nﬂﬂm@@?ﬂ%ﬂlﬁﬂﬂfﬂﬂﬂ‘nagﬂﬂ ATDINVY --

¥V

¥
lyunuvon1WeTUIY ( comment)

NTITY bit_comparator IS

PORT (a, b -- data inputs
gt, -- previous greater than
eq, -- previous equal
It : IN BIT; -- previous less than
al et 1y, -- greater
a_eq_b, -- equal
a_It_b : OUT BIT); -- less than

END bit_comparator;

5U7 329 yaaamsussIIEMsiFoune

ARCHITECTURE gate_level OF bit_comparator IS
COMPONENT nl PORT (il: IN BIT; ol: OUT BIT; END COMPONENT;
COMPONENT nl PORT (il,i2: IN BIT; ol: OUT BIT; END COMPONENT;
COMPONENT nl PORT (il,i2,i3: IN BIT; ol: OUT BIT; END COMPONENT;

FOR ALL : nl USE ENTITY WORK.inv (single_delay);
FOR ALL : n2 USE ENTITY WORK .nand2 (single_delay);
FOR ALL : n3 USE ENTITY WORK .nand3 (single_delay);




n
o

SIGNAL iml,im2,im3,im4,im5,im6,im7,im8,im9,im10 : BIT;
BEGIN

-- a_gt_b output

go : nl PORT MAP (A, iml);

gl : n1 PORT MAP (A, im2);

g2 : n2 PORT MAP (A, im2, im3);

g3 : n2 PORT MAP (A, gt, im4);

g4 : n2 PORT MAP (im2, gt, im5);

g5 : n3 PORT MAP (im3, im4, im5, gt, a_gt_b);

-- a_gt_b output

g6 : n3 PORT MAP (iml, im2, eq, im6);

g7 : n3 PORT MAP (a, b, eq, im7);

g8 : n2 PORT MAP (im6, im7, a_eq_b);

-- a_It_b output

g9 : n2 PORT MAP (iml, im8);

g10 : n2 PORT MAP (iml, It, im9);

gll : n2 PORT MAP (b, It, im10);

gl2 : n3 PORT MAP (im8, im9, im10, a_iT_b);

END gate_level;

d‘ o IS IS) ~
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SBUF_REG/S_out SBUF_REG/Ld/Shf
——— BItO loadi ==
SBUF_REG / stopbit SBUF_REG / clock
—— Bit10 Sclk =
RXD———— RxD_in Dir

SBUF_REG / reset

Send / Receive  Sreset
SBUF_REG /ZERO

Szero Sdone
clkax —— B yelk Serror
freset
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recieve/sreset ,dir

RxD/dir send/load ,dir

-/load ,sclk ,dir

RxD/dir

send/dir,sclk
ecieve/dir,sclk
(recieve.bitO+send.szero
=0).send/dir

send/dir
recieve/dir

(recieve.bitQ+send.szero
=0).recieve/dir
send/dir
recieve/dir

(recieve.bitO
+send.szero=1)/dir

recieve.bit0.bit10

+send.szero=1/dir recieve.bit0.bit 10

+send.szero=0/dir -/serror,dir

-/sdone,dir
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-Irecieve ,Sop=1, op=0
sdone/ recieve  , op(get_serial) ,Sop=1

-/ load_cell ,op (get_serial) ,Sop (get_serial)
freset -/ Sop(get_serial) freset ,sent,Sop (get_serial)
sdone/ inc

-/ inc ,loop_scount

¥
-/ done scount=0 reset_trm
-/ start_trn
trn_done/
gAYy trn_done/ Sop (out_serial)
-/ Sop(out_serial) , freset ,send ,scount =0
-/ send ,Sop(out_serial)
scount#0/ sdone / inc
freset,
send

-/ inc load_scount

delay/-

scount =0
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4. Field Programmable Gate Array (FPGA)
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5. Tdsunsumuerauea

5.1 TUsunsuusseengAnIsuY0II9ITUIN

library IEEE;
use IEEE.std_logic_1164.all;
entity ADDNEW is
port(A,B:in std_logic_ VECTOR(3 downto 0);
C:out std_logic_ VECTOR(3 downto 0));
end ADDNEW;

architecture STRUC of ADDNEW is
begin
C <= A xor B;

end STRUC;

5.2 Tdsunsuussmenganssuvesaiuilsznaniisgu

library IEEE;
use IEEE std_logic_1164.all;
entity MULNEW is
port(X,Y,CARRY:in STD_LOGIC;Z:out STD_LOGIC);
end MULNEW;

architecture STRUC of MULNEW is
begin

Z <= (X and Y) xor CARRY;
end STRUC;
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library IEEE;
use IEEE.std_logic_1164.all;
entity MULA4BIT is
port(A,B:in STD_LOGIC_VECTOR(3 downto 0);
C:out STD_LOGIC_VECTOR(3 downto 0));

end MULA4BIT;

architecture STRUC of MULA4BIT 1s

component MULNEW
port(X,Y,CARRY:in STD_LOGIC; Z:out STD_LOGIC);

end component;
signal AS:STD_LOGIC_VECTOR(1 TO 16);
signal AS_CONST:STD_LOGIC:=0;

begin
MUL1:MULNEW port map (A(0),B(3),AS(13),AS(1));
MUL2:MULNEW port map (A(0),B(2),AS(14),AS(2));
MUL3:MULNEW port map (A(0),B(1),AS(15),AS(3));
MUL4:MULNEW port map (A(0),B(0),AS_CONST,AS(4));
MUL5:MULNEW port map (A(1),B(3),AS_CONST,AS(5));
MUL6:MULNEW port map (A(1),B(2),AS(1),AS(6));
MUL7:MULNEW port map (A(1),B(1),AS(2),AS(7));
MUL3:MULNEW port map (A(1),B(0),AS(3),AS(3));
MUL9:MULNEW port map (A(2),B(3),AS_CONST,AS(9));
MUL10:MULNEW port map (A(2),B(2),AS(5),AS(10));
MULI11:MULNEW port map (A(2),B(1),AS(6),AS(11));
MUL12:MULNEW port map (A(2),B(0),AS(7),AS(12));
MULI13:MULNEW port map (A(3),B(3),AS_CONST,AS(13));
MUL14:MULNEW port map (A(3),B(2),AS(9),AS(14));



MULI15:MULNEW port map (A(3),B(1),AS(10),AS(15));
MUL16:MULNEW port map (A(3),B(0),AS(11),AS(16));
C(0) <= AS(4) xor AS(15);

C(1) <= AS(8) xor AS(14);

C(2) <= AS(12) xor AS(13);

C(3) <= AS(16) xor AS_CONST;

end STRUC;

contiguration CONFIG_MULA4BIT of MULABIT is
for STRUC
for all:MULNEW use entity work. MULNEW(STRUC);
end for;
end for;

end CONFIG_MULA4BIT;

Y
5.4 Tsunsuusses Insaasnvednslaving 3 9

library IEEE;
use IEEE.std_logic_1164.all;
entity TRN_3P is
port(AO_IN_3P,A1_IN_3P,A2_IN_3P:in STD_LOGIC_VECTOR(3 downto 0);
FUNC:in STD_LOGIC;
A0_OUT_3P,A1_OUT_3P,A2_OUT_3P:out STD_LOGIC_VECTOR(3 downto 0));

end TRN_3P;

architecture ACH_TRN_3P of TRN_3P is
component ADDNEW
port(A,B:in STD_LOGIC_VECTOR(3 downto 0);



C:out STD_LOGIC_VECTOR(3 downto 0));

end component;
component MUL4BIT

port(A,B:in STD_LOGIC_VECTOR(3 downto 0);

C:out STD_LOGIC_VECTOR(3 downto 0));
end component;
signal S1,S2,M1,A0_BUF:STD_LOGIC_VECTOR(3 downto 0);
signal CONST :STD_LOGIC_VECTOR(1 to 4);
constant BELTA_ENCODE :STD_LOGIC_VECTOR(1 to 4):="0111";
constant BELTA_DECODE :STD_LOGIC_VECTOR(1 to 4):="0110";
begin

TRANFORM_3P:process(FUNC)
begin

if FUNC='1' then CONST<=BELTA_ENCODE;

else CONST<=BELTA_DECODE;

end if;
end process;
ADDI1:ADDNEW port map (Al1_IN_3P,A2_IN_3P,S1);
ADD2:ADDNEW port map (S1,A0_IN_3P,A0_BUF);
MUL1:MULA4BIT port map (CONST,S1,M1);
ADD3:ADDNEW port map (M1,A0_BUF,S2);
ADD4:ADDNEW port map (A1_IN_3P,S2,A1_OUT_3P);
ADD5:ADDNEW port map (A2_IN_3P,S2,A2_OUT_3P);
AO0_OUT_3P <= A0_BUF;

end ACH_TRN_3P;

configuration CONFIG_TRN_3P of TRN_3P is
for ACH_TRN_3P
for all:ADDNEW use entity work. ADDNEW(STRUC);

end for;



for all:MULA4BIT use entity work. MUL4BIT(STRUC);
end for;
end for;

end CONFIG_TRN_3P;

¥
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library IEEE;
use IEEE.std_logic_1164.all;
entity TRN_5P is
port(A0_IN,A1_IN,A2_IN,A3_IN,A4_IN:in STD_LOGIC_VECTOR(3 downto 0);
FUNC:in STD_LOGIC;
A0_OUT,A1_OUT,A2_OUT,A3_OUT,A4_OUT:out STD_LOGIC_VECTOR(3
downto 0));

end TRN_5P;

architecture ACH_TRN_5P of TRN_S5P is
component ADDNEW
port(A,B:in STD_LOGIC_VECTOR(3 downto 0);
C:out STD_LOGIC_VECTOR(3 downto 0));
end component;
component MUL4BIT
port(A,B:in STD_LOGIC_VECTOR(3 downto 0);
C:out STD_LOGIC_VECTOR(3 downto 0));
end component;
signal $1,52,53,54,55,56,57,58,59,510,511,512,513:STD_LOGIC_VECTOR(3 downto 0);
signal M1,M2,M3,M4,M5:STD_LOGIC_VECTOR(3 downto 0); o

type CON is ARRAY(1 to 4) of STD_LOGIC_VECTOR(3 downto 0);



signal CONST:CON;

constant BELTA_ENCODE:CON:=("1101","0111","0100","0011");

constant BELTA_DECODE:CON:=("1011","0111","0101","0010");

begin TRANFORM_5P:process(FUNC)
begin
if FUNC='l' then CONST<=BELTA_ENCODE;
else CONST<=BELTA_DECODE; end if;

end process;
ADD1:ADDNEW port map (A2_IN,A3_IN,S1);
ADD2:ADDNEW port map (Al_IN,A4_IN,S2);
ADD3:ADDNEW port map (Al_IN,A3_IN,S3);
ADD4:ADDNEW port map (A2_IN,A4_IN,S4);
ADDS5:ADDNEW port map (51,S2,S5);
MUL1:MUL4BIT port map (CONST(1),S5,M1);
MUL2:MULA4BIT port map (CONST(3),S1,M2);
MUL3:MUL4BIT port map (CONST(4),52,M3);
MUL4:MUL4BIT port map (CONST(2),S3,M4);
MULS:MULA4BIT port map (CONST(2),54,M5);
ADD6:ADDNEW port map (S13,M1,S6);
ADD7:ADDNEW port map (S6,M2,S7);
ADD8:ADDNEW port map (S6,M3,S8);
ADD9:ADDNEW port map (M5,A2_IN,S9);
ADDI10:ADDNEW port map (M4,A1_IN,S10);
ADDI11:ADDNEW port map (MS5,A4_IN,S11);
ADDI12:ADDNEW port map (M4,A3_IN,S12);
ADDI13:ADDNEW port map (S5,A0_IN,S13);
ADD14:ADDNEW port map (58,59,A1_OUT);
ADD15:ADDNEW port map (S7,510,A2_OUT);
ADD16:ADDNEW port map (S7,S11,A3_OUT);

ADD17:ADDNEW port map (S8,S12,A4_OUT);



AO0_OUT <= S13;
end ACH_TRN_5P;
configuration CONFIG_TRN_5P of TRN_5P is
for ACH_TRN_5P
for al:ADDNEW use entity work. ADDNEW (STRUC);
end for;
for al:MUL4BIT use entity work. MUL4BIT(STRUC);
end for;
end for;

end CONFIG_TRN_5P;

5.6 TUsUnINDTINONGANTITWUDIDTNIA Clock

library IEEE;
library EXEMPLAR;
use IEEE.std_logic_1164.all;
use EXEMPLAR.EXEMPLAR _1164.all;
entity GEN is
port(RESET,OSC:in STD_LOGIC;
CLK:out STD_LOGIC);

end GEN;

architecture RTL of GEN is

signal COUNTER:STD_LOGIC_VECTOR(3 downto 0);
begin

CLK <= COUNTER(3);

CLOCK_GENERATOR:

process(RESET,OSC)



begin
if RESET = '1" then
COUNTER <= "0000";
elsif OSC'EVENT and OSC ="1' then
if COUNTER /= "1011" then
COUNTER <= COUNTER+"1";
else
COUNTER <= "0000";
end if;
end if;
end process;

end RTL;

5.7 TUsunsuussenewgAnsTuUBINITAUNEA Clock AZND 4 1NV Baud rate

library EXEMPLAR;
library IEEE;
use EXEMPLAR EXEMPLAR_1164.all;
use IEEE std_logic_1164.all;
entity XCLOCK is
port ( CLOCK,RESET: in STD_LOGIC;
XCLK: out STD_LOGIC);
end XCLOCK;

architecture ACH_XCLOCK of XCLOCK is

signal COUNTER: STD_LOGIC_VECTOR(7 DOWNTO 0);
begin

CLOCK_GENERTOR:



process(RESET,CLOCK)
begin
if RESET ="l' then
COUNTER <= "11100111";
XCLK <='0%
elsif CLOCK'EVENT and CLOCK ='1' then
if COUNTER /="00000000" then
COUNTER <= COUNTER+"1";
XCLK <=0}
else
COUNTER <= "11100111";
XCLK <= 1"
end if;
end if;
end process;

end ACH_XCLOCK;

5.8 TUsUnNINUTTOBNGANTTUVEIITTVAADT YA

library IEEE;
use IEEE std_logic_1164.all;
entity REG_CELL is
port(DATA_IN:in STD_LOGIC_VECTOR(59 downto 0);
LOAD:in STD_LOGIC;
ENABLE:in STD_LOGIC_VECTOR(14 downto 0);
DATA_OUT:out STD_LOGIC_VECTOR(59 downto 0));
end REG_CELL;



architecture ACH_REG of REG_CELL is
begin
REG:
process(DATA_IN,LOAD)
begin
it LOAD'EVENT and LOAD = '1" then
for 1in 0 to 14 loop
it Enable(i)="1" then
DATA_OUT(59-(4*1)) <= DATA_IN(59-(4*1));
DATA_OUT(58-(4*1)) <= DATA_IN(58-(4*1));
DATA_OUT(57-(4*1)) <= DATA _IN(57-(4*1));
DATA_OUT(56-(4*1)) <= DATA_IN(56-(4*1));
end if;
end loop;
end if;
end process;

end ACH_REG;
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library IEEE;

use IEEE std_logic_1164.all;

entity MUX_IN is

port(SBUF_HI,SBUF_LOW:in STD_LOGIC_VECTOR(3 downto 0);

OPERATION,SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);
TRN_3P_AO,TRN_3P_A1,TRN_3P_A2:in STD_LOGIC_VECTOR(3 downto 0);
TRN_5P_AO,TRN_5P_A1,TRN_5P_A2,TRN_5P_A3,TRN_5P_A4
:in STD_LOGIC_VECTOR(3 downto 0);



DATA_OUT_CELLO,DATA_OUT_CELL1,DATA_OUT_CELL?2,
DATA_OUT_CELL3, DATA_OUT_CELL4,DATA_OUT_CELLS,
DATA_OUT_CELL6,DATA_OUT_CELL7,DATA_OUT_CELLS,
DATA_OUT_CELL9,DATA_OUT_CELLI10,DATA_OUT_CELLI]1,
DATA_OUT_CELLI12,DATA_OUT_CELL13,DATA_OUT_CELL14

:an STD_LOGIC_VECTOR(3 downto 0);
DATA_IN_CELLO,DATA_IN_CELLI1,DATA_IN_CELL2 DATA_IN_CELL3,
DATA_IN_CELL4,DATA_IN_CELLS,DATA _IN_CELL6,DATA_IN_CELL7,
DATA_IN_CELL8,DATA_IN_CELL9,DATA_IN_CELL10,DATA_IN_CELLI1,
DATA_IN_CELL12,DATA_IN_CELLI13,DATA_IN_CELL14

:out STD_LOGIC_VECTOR(3 downto 0));

end MUX _IN;

architecture ACH_MUX_IN of MUX_IN is
begin
MUX: process(SBUF_HILSBUF_LOW ,OPERATION,SCOUNT,
TRN_3P_AO,TRN_3P_A1,TRN_3P_A2,
TRN_5P_AO,TRN_5P_A1,TRN_SP_A2,TRN_5P_A3,TRN_5P_A4,
DATA_OUT_CELLO,DATA_OUT_CELL1,DATA_OUT_CELL?2,
DATA_OUT_CELL3,DATA_OUT_CELL4,DATA_OUT_CELLS5,
DATA_OUT_CELL6,DATA_OUT_CELL7,DATA_OUT_CELLS,
DATA_OUT_CELLY9,DATA_OUT_CELL10,DATA_OUT_CELLI1,
DATA_OUT_CELL12,DATA_OUT_CELL13,DATA_OUT_CELL14)
begin
case OPERATION is
when "001" =>
case SCOUNT is
when "000" =>
DATA_IN_CELLO <= SBUF_HI;

DATA_IN_CELLI <= "0000";



DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= "0000";
DATA_IN_CELL11 <= "0000";
DATA_IN_CELLI12 <= SBUF_LOW;
DATA_IN_CELL13 <= "0000";
DATA_IN_CELL14 <= "0000";
when "001" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELLI1 <= SBUF_LOW;
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELLG6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS8 <= "0000";
DATA_IN_CELL9 <= SBUF_HI;
DATA_IN_CELL10 <= "0000";
DATA_IN_CELLI11 <= "0000";
DATA_IN_CELLI12 <= "0000";
DATA_IN_CELLI13 <= "0000";
DATA_IN_CELL14 <= "0000";

when "010" =>



DATA_IN_CELLO <= "0000";
DATA_IN_CELLI1 <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= SBUF_LOW;
DATA_IN_CELLG6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS8 <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELLI10 <= "0000";
DATA_IN_CELLI11 <= "0000";
DATA_IN_CELLI12 <= "0000";
DATA_IN_CELL13 <= SBUF_HI;
DATA_IN_CELL14 <= "0000";
when "011" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELL1 <= "0000";
DATA_IN_CELL2 <= SBUF_HI;
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= "0000";
DATA_IN_CELLI11 <= "0000";
DATA_IN_CELLI12 <= "0000";

DATA_IN_CELL13 <= "0000";



DATA_IN_CELL14 <= SBUF_LOW;
when "100" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELLI1 <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= SBUF_LOW;
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS5 <= "0000";
DATA_IN_CELL6 <= SBUF_HI;
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELLI10 <= "0000";
DATA_IN_CELLI11 <= "0000";
DATA_IN_CELLI12 <= "0000";
DATA_IN_CELL13 <= "0000";
DATA_IN_CELL14 <= "0000";
when "101" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELL1 <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= SBUF_LOW;
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= SBUF_H]I;

DATA_IN_CELLI11 <= "0000";



DATA_IN_CELLI12 <= "0000";
DATA_IN_CELLI3 <= "0000";
DATA_IN_CELL14 <= "0000";
when "110" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELLI <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= SBUF_HI,
DATA_IN_CELLS <= "0000";
DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA _IN_CELLS8 <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= "0000";
DATA_IN_CELL11 <= SBUF_LOW;
DATA_IN_CELL12 <= "0000";
DATA_IN_CELL13 <= "0000";
DATA_IN_CELL14 <= "0000";
when others =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELLI <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELLS6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELL8 <= SBUF_HI;

DATA_IN_CELL9 <= "0000";



DATA_IN_CELL10 <= "0000";

DATA_IN_CELLI11 <= "0000";

DATA_IN_CELLI12 <= "0000";

DATA_IN_CELL13 <= "0000";

DATA_IN_CELL14 <= "0000";
end case;

when "010" =>

DATA_IN_CELLO <= TRN_3P_A0;

DATA_IN_CELL1 <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";

DATA_IN_CELL4 <= "0000";

DATA_IN_CELLS <= TRN_3P_Al;

DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELL8 <= "0000";

DATA_IN_CELL9 <= "0000";

DATA_IN_CELL10 <= TRN_3P_A2;

DATA_IN_CELL11 <= "0000";
DATA_IN_CELLI12 <= "0000";
DATA_IN_CELL13 <= "0000";
DATA_IN_CELL14 <= "0000";
when "011" =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELLI <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";

DATA_IN_CELL6 <= "0000";



DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= TRN_5P_AO;
DATA_IN_CELL11 <= TRN_5P_Al;
DATA_IN_CELL12 <= TRN_5P_AZ2;
DATA_IN_CELL13 <= TRN_5P_A3;
DATA_IN_CELL14 <= TRN_5P_A4;

when "100" =>
DATA_IN_CELLO <= DATA_OUT_CELL1;
DATA_IN_CELLI <= DATA_OUT_CELL2;
DATA_IN_CELL2 <= DATA_OUT_CELL3;
DATA_IN_CELL3 <= DATA_OUT_CELL4;
DATA_IN_CELL4 <= DATA_OUT_CELLS;
DATA_IN_CELLS5 <= DATA_OUT_CELLS;
DATA_IN_CELL6 <= DATA_OUT_CELLT7;
DATA_IN_CELL7 <= DATA_OUT_CELLS;
DATA_IN_CELL8 <= DATA_OUT_CELLY;
DATA_IN_CELL9 <= DATA_OUT_CELL10;
DATA_IN_CELL10 <=DATA_OUT_CELL11;
DATA_IN_CELL11 <=DATA_OUT_CELL12;
DATA_IN_CELL12 <=DATA_OUT_CELLI13;
DATA_IN_CELL13 <=DATA_OUT_CELL14;
DATA_IN_CELL14 <=DATA_OUT_CELLG;

when "101" =>
DATA_IN_CELLO <= DATA_OUT_CELLS;
DATA_IN_CELL1 <= DATA_OUT_CELLSG;
DATA_IN_CELL2 <= DATA_OUT_CELL7;
DATA_IN_CELL3 <= DATA_OUT_CELLS;
DATA_IN_CELL4 <= DATA_OUT_CELLY;



DATA_IN_CELLS <= DATA_OUT_CELLI10;
DATA_IN_CELL6 <= DATA_OUT_CELLL11;
DATA_IN_CELL7 <= DATA_OUT_CELLI12;
DATA_IN_CELLS8 <= DATA_OUT_CELL13;
DATA_IN_CELL9 <= DATA_OUT_CELLI14;
DATA_IN_CELL10 <=DATA_OUT_CELLUO;
DATA_IN_CELLI11 <=DATA_OUT_CELLI;
DATA_IN_CELL12 <=DATA_OUT_CELLZ;
DATA_IN_CELL13 <=DATA_OUT_CELLS3;
DATA_IN_CELL14 <=DATA_OUT_CELLA4;

when others =>
DATA_IN_CELLO <= "0000";
DATA_IN_CELL1 <= "0000";
DATA_IN_CELL2 <= "0000";
DATA_IN_CELL3 <= "0000";
DATA_IN_CELL4 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL6 <= "0000";
DATA_IN_CELL7 <= "0000";
DATA_IN_CELLS <= "0000";
DATA_IN_CELL9 <= "0000";
DATA_IN_CELL10 <= "0000";
DATA_IN_CELLI11 <= "0000";
DATA_IN_CELL12 <= "0000";
DATA_IN_CELL13 <= "0000";
DATA_IN_CELL14 <= "0000";

end case;

end process;

end ACH_MUX_IN;
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library IEEE,;

use IEEE.std_logic_1164.all;

entity MUX_ADDR is

port(OPERATION,SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);

ENABLE_CELLO,ENABLE_CELL1,ENABLE_CELL2,ENABLE_CELL3,
ENABLE_CELL4,ENABLE_CELL5,ENABLE_CELL6,ENABLE_CELL7,
ENABLE_CELLS,ENABLE_CELL9,ENABLE_CELL10,ENABLE_CELLI1,
ENABLE_CELL12,ENABLE_CELLI3,ENABLE_CELL14:0ut STD_LOGIC);

end MUX_ADDR,;

architecture ACH_MUX_CELL_ADDRESS of MUX_ADDR is
begin
MUX:
process(OPERATION,SCOUNT)
begin
case OPERATION is
when "001" =>
case SCOUNT is
when "000" =>
ENABLE_CELLO <="1%
ENABLE_CELLI <='0";
ENABLE_CELL2 <=0}
ENABLE_CELL3 <= "0}
ENABLE_CELL4 <= "0
ENABLE_CELLS <= "0
ENABLE_CELL6 <= '0";
ENABLE_CELL7 <='0";

ENABLE_CELLS <= "0";



ENABLE_CELL9 <= 0

ENABLE_CELLI10 <= "0}
ENABLE_CELLI11 <=0}
ENABLE_CELLI2 <="17;
ENABLE_CELLI13 <= '0';
ENABLE_CELL14 <=0}

when "001" =>

ENABLE_CELLO <= 0}
ENABLE_CELLI <= 1"
ENABLE_CELL2 <=0}
ENABLE_CELL3 <= "0}
ENABLE_CELL4 <='0';
ENABLE_CELLS <= '07
ENABLE_CELL6 <= '0';
ENABLE_CELL7 <= '0;
ENABLE_CELLS <= '0';
ENABLE_CELLO9 <='1';
ENABLE_CELL10 <= '0';
ENABLE_CELLI11 <=0}
ENABLE_CELL12 <= 0%
ENABLE_CELL13 <= "0
ENABLE_CELL14 <=0}

when "010" =>
ENABLE_CELLO <=0}
ENABLE_CELL1 <= "0
ENABLE_CELL2 <=0}
ENABLE_CELL3 <= '0';
ENABLE_CELL4 <= '0';
ENABLE_CELLS <=1}

ENABLE_CELLG6 <= '0};



ENABLE_CELL7 <=0}
ENABLE_CELLS <= "0}
ENABLE_CELL9 <= '0";
ENABLE_CELL10 <=0}
ENABLE_CELLI11 <= "0
ENABLE_CELLI12 <=0}
ENABLE_CELLI13 <="1%
ENABLE_CELL14 <=0}
when "011" =>
ENABLE_CELLO <= "0}
ENABLE_CELLI1 <=0}
ENABLE_CELL2 <="1"
ENABLE_CELL3 <=0}
ENABLE_CELL4 <= "0
ENABLE_CELLS <=0}
ENABLE_CELL6 <= "0}
ENABLE_CELL7 <=0}
ENABLE_CELLS <= "0}
ENABLE_CELL9 <=0’
ENABLE_CELL10 <=0}
ENABLE_CELLI11 <=0}
ENABLE_CELLI12 <=0}
ENABLE_CELLI13 <=0}
ENABLE_CELLI14 <= "1}
when "100" =>
ENABLE_CELLO <= '0;
ENABLE_CELL1 <=0}
ENABLE_CELL2 <= "0
ENABLE_CELL3 <= "1
ENABLE_CELL4 <=0



ENABLE_CELLS5 <="'0";
ENABLE_CELLG6 <="1"
ENABLE_CELL7 <="'0';
ENABLE_CELLS <= "0}
ENABLE_CELL9 <= '0’;
ENABLE_CELL10 <= "0}
ENABLE_CELLI11 <=0
ENABLE_CELLI12 <= '0’;
ENABLE_CELL13 <= "0};
ENABLE_CELL14 <=0}
when "101" =>
ENABLE_CELLO <="0";
ENABLE_CELLI <= "0}
ENABLE_CELL2 <= "0
ENABLE_CELL3 <= '0’;
ENABLE_CELL4 <= '0};
ENABLE_CELLS <=0’
ENABLE_CELL6 <= "0
ENABLE_CELL7 <= "1}
ENABLE_CELLS <= "0";
ENABLE_CELL9 <=0}
ENABLE_CELLI10 <="1%
ENABLE_CELLI1 <=0}
ENABLE_CELLI12 <="0';
ENABLE_CELL13 <=0
ENABLE_CELLI14 <= "0';
when "110" =>
ENABLE_CELLO <="0';
ENABLE_CELL1 <= "0

ENABLE_CELL2 <= "0%;



ENABLE_CELL3 <= '0"
ENABLE_CELL4 <= 1"
ENABLE_CELLS <= '0";
ENABLE_CELL6 <= '0';
ENABLE_CELL7 <=0}
ENABLE_CELLS <= '0";
ENABLE_CELL9 <= 0"
ENABLE_CELL10 <=0}
ENABLE_CELLI11 <="1}
ENABLE_CELL12 <=0}
ENABLE_CELLI13 <= "0}
ENABLE_CELL14 <=0
when others =>
ENABLE_CELLO <= 07
ENABLE_CELLI1 <=0}
ENABLE_CELL2 <=0}
ENABLE_CELL3 <=0
ENABLE_CELL4 <= 0"
ENABLE_CELLS <= '0";
ENABLE_CELL6 <= 0%
ENABLE_CELL7 <="0';
ENABLE_CELLS <="1%
ENABLE_CELL9 <= '0';
ENABLE_CELLI10 <= "0
ENABLE_CELLL11 <=0}
| ENABLE_CELLI12 <= "0
ENABLE_CELL13 <= "0}
ENABLE_CELL14 <= "0}
end case;

when "010" =>



when '

ENABLE_CELLO <="1};

ENABLE_CELLI <= "0}

1

ENABLE_CELL?2 <= '0}

3

ENABLE_CELL3 <= "0

1

ENABLE_CELL4 <= "0}

ENABLE_CELLS <="'1";

>

ENABLE_CELL6 <= '0;

ENABLE_CELL7 <= "0

1

ENABLE_CELLS <= '0';

ENABLE_CELL9 <="0";

1

ENABLE_CELLI10 <= "1

ENABLE_CELLI11 <=0}
ENABLE_CELLI12 <=
ENABLE_CELLI13 <=
ENABLE_CELL14 <='0’;
0T LE =%

ENABLE_CELLO <=
ENABLE_CELL1 <=
ENABLE_CELL2 <=
ENABLE_CELL3 <=
ENABLE_CELLA4 <=
ENABLE_CELLS <=
ENABLE_CELLG6 <="

ENABLE_CELL7 <= "0}

ENABLE_CELLS <= "0";
ENABLE_CELLS9 <= "0
ENABLE_CELL10 <='"1";
ENABLE_CELLI1 <="11
ENABLE_CELLI2 <="1";

ENABLE_CELLI3 <="1%



ENABLE_CELL14 <="1%
when "100" =>
ENABLE_CELLO <= "1
ENABLE_CELLI <="'1";
ENABLE_CELL2 <= '1';
ENABLE_CELL3 <="'1";
ENABLE_CELL4 <="1";
ENABLE_CELLS5 <="1";
ENABLE_CELL6 <= 1"
ENABLE_CELL7 <="1";
ENABLE_CELLS <="'1%
ENABLE_CELL9 <="1";
ENABLE_CELLI10 <= "1
ENABLE_CELLI11 <="1%
ENABLE_CELL12 <= "1%
ENABLE_CELL13 <="1%
ENABLE_CELL14 <="1%
when "101" =>
ENABLE_CELLO <="'1"%
ENABLE_CELLI1 <="1"
ENABLE_CELL2 <="1";
ENABLE_CELL3 <="1"%
ENABLE_CELL4 <="1";
ENABLE_CELLS <="1"
ENABLE_CELL6 <='1";
ENABLE_CELL7 <="1";
ENABLE_CELLS <= '1";
ENABLE_CELL9 <="1";
ENABLE_CELLI10 <="1%
ENABLE_CELL11 <= "1



ENABLE_CELLI2 <="11%
ENABLE_CELLI13 <=1}
ENABLE_CELL14 <="1%
when others =>
ENABLE_CELLO <= "0}
ENABLE_CELLI <= '0;
ENABLE_CELL2 <= "0}
ENABLE_CELL3 <= "0}
ENABLE_CELL4 <= '0';
ENABLE_CELLS <= "0
ENABLE_CELL6 <= "0
ENABLE_CELL7 <=0}
ENABLE_CELLS <=0}
ENABLE_CELLY <=0
ENABLE_CELL10 <= "0’
ENABLE_CELL11 <= "0}
ENABLE_CELL12 <=0}
ENABLE_CELL13 <=0}
ENABLE_CELL14 <=0}
end case;
end process;

end ACH_MUX_CELL_ADDRESS;
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library IEEE;
library EXEMPLAR;

use IEEE.std_logic_1164.all;



use EXEMPLAR.EXEMPLAR_ 1164 all;

entity STA_MACH is

port(RESET,START_TRN,CLK:in STD_LOGIC;

OPERATION:out STD_LOGIC_VECTOR(2 downto 0);

LOAD_CELL,DONE:out STD_LOGIC);

end STA_MACH;

architecture ACH_STATE_MACHINE of STA_MACH is

begin

type STATE_TYPE is (S1,52,53,54,55,56,57,58,59,S10,S11);

signal CURRENT_STATE,NEXT_STATE:STATE_TYPE;

signal COUNTER:STD_LOGIC_VECTOR(2 downto 0);

signal DEC_COUNTER,SET_COUNTER,LOAD_COUNTER:STD_LOGIC;

signal COUNTER_INITIAL,COUNTER _IN:STD_LOGIC_VECTOR(2 downto 0);

SYNCH:process(RESET,CLK)
begin
if RESET ='"1' then
CURRENT_STATE <= S1;
elsif CLK'EVENT and CLK ="1' then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

COMBINATION:
process(CURRENT_STATE,START_TRN,COUNTER)
begin
case CURRENT_STATE is
when S1 =>
if START_TRN = '0' then

DEC_COUNTER <= 07



LOAD_CELL <=0
OPERATION <= "000";
SET_COUNTER <=0}
LOAD_COUNTER <=0}
DONE <="0}
NEXT_STATE <= SI;
else
DEC_COUNTER <=0
LOAD_CELL <=0}
OPERATION  <="010";
SET_COUNTER <= 0%
LOAD_COUNTER.<='I";
DONE <=0
NEXT_STATE <= S2;
end if;

when S2 =>
DEC_COUNTER <='1}
LOAD_CELL  <='1}
OPERATION <= "010";
SET_COUNTER <=0}
LOAD_COUNTER <= '0';
DONE <=0}
NEXT_STATE <= S3;

when S3 =>
DEC_COUNTER <= "1}
LOAD_CELL <=0}
OPERATION <= "100";
SET_COUNTER <=0
LOAD_COUNTER <= "1
DONE <="0%



NEXT_STATE <= S4;
when S4 =>
DEC_COUNTER <='0;
LOAD_CELL <='I"
OPERATION <= "100";
SET_COUNTER <=0
LOAD_COUNTER <= '0";
DONE —sl()is
NEXT_STATE <= S5;
when S5 =>
if COUNTER /= "000" then
DEC_COUNTER <=0
LOAD_CELL . /<="0";
OPERATION = <="010";
SET_COUNTER <=0}
LOAD_COUNTER <= "0}
DONE == 'O
NEXT),. STATE) (<=£9S2;
else
DEC_COUNTER <=0}
LOAD_CELL <=0}
OPERATION <="011";
SET_COUNTER <='1%
LOAD_COUNTER <= "0
DONE <=0}
NEXT_STATE <= S6;

end if;

when S6 =>

DEC_COUNTER <=0}



when S7 =>

when S8 =>

when S9 =>

LOAD_CELL <='0;
OPERATION <= "011";
SET_COUNTER <='l}
LOAD_COUNTER <= "1}
DONE <=0

NEXT_STATE <= S7,

DEC_COUNTER <="1}
LOAD_CELL. \ <="1%
OPERATION <= "011";
SET_COUNTER <='1%
LOAD_COUNTER <= "0}
DONE <="04

NEXT_STATE <= S8;

DEC_COUNTER <='1%
LOAD, CEEL Y <=70';
OPERATION  <="101";
SET_COUNTER <='1%
LOAD_COUNTER <=1}
DONE <=0

NEXT_STATE <= S9;

if COUNTER /= "000" then

DEC_COUNTER <=0}
LOAD_CELL <='1}
OPERATION <="101";
SET_COUNTER <='1%
LOAD_COUNTER <= '0}

DONE <="0%



else

NEXT_STATE <= S10;

DEC_COUNTER <=0
LOAD_CELL <='04
OPERATION <= "000";
SET_COUNTER <="'1%
LOAD_COUNTER <= "0
DONE <='04

NEXT_STATE <= Sl1;

end if;

when S10 =>

DEC_COUNTER <=0
LOAD_CELL <=0}
OPERATION = <="011";
S EAR=C@OUNIE Riadsy
LOAD_COUNTER <= 0}
DONE <=/'0g
NEXT_STATE <= S7,

when S11 =>

end case;

end process;

COUNT:

DEC_COUNTER <=0
LOAD_CELL = <=0
OPERATION <= "000";
SET_COUNTER <="'1}
LOAD_COUNTER <= '0';
DONE <="'1%
NEXT_STATE <= Sl11I;



process(DEC_COUNTER,SET_COUNTER,LOAD_COUNTER,
COUNTER_INITIAL,COUNTER)
begin
it SET_COUNTER = '0' then
COUNTER_INITIAL <= "101";
else
COUNTER_INITIAL <= "011";
end if;
if DEC_COUNTER = '0' then

COUNTER_IN <= COUNTER_INITIAL;

COUNTER_IN <= COUNTER-"1";
end if;
if LOAD_COUNTER'EVENT and LOAD_COUNTER ="1" then
COUNTER <= COUNTER_IN;
end if;
end process;

end ACH_STATE_MACHINE;
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library IEEE;
use IEEE.std_logic_1164.all;
entity OUT_MAP is
port(CELL_0,CELL_1,CELL_2,CELL_3,CELL_4,CELL_S5,CELL_6,
CELL_7,CELL_8,CELL_9,CELL_10,CELL_11,CELL_12,CELL_13,
CELL_14:in STD_LOGIC_VECTOR(3 downto 0);

Sop:in STD_LOGIC;



Scount:in STD_LOGIC_VECTOR(2 downto 0);
DATA:out STD_LOGIC_VECTOR(7 downto 0));

end OUT_MAP;

architecture ACH_OUT_MAP of OUT_MAP is
begin
MAPPING:
process(Sop,Scount,
CELL_0,CELL_1,CELL_2,CELL_3,CELL_4,CELL_S,
CELL_g/CFLL _.CEFL B, CELR 0/EL - 10-CELL 113
CELL_12,CELL_13,CELL_14)
begin
if Sop ='0' then
case Scount is
when "000" =>
DATA <= CELL_0 & CELL_6;
when "001" =>
DATA <= CELL_12 & €CELL_3;
when "010" =>
DATA <= CELL_9 & CELL_10;
when "011" =>
DATA <= CELL_1 & CELL_T7;
when "100" =>
DATA <= CELL_13 & CELL_4;
when "101" =>
DATA <= CELL_5 & CELL_11;
when "110" =>
DATA <= CELL_2 & CELL_S;
when others =>

DATA <= CELL_14 & "0000";



end case;
else
case Scount is
when "000" =>
DATA <= CELL_0 & CELL_12;
when "001" =>
DATA <=CELL_9 & CELL_1;
when "010" =>
DATA <= CELL_13 & CELL_S;
when "011" =>
DATA <= CELL_2 & CELL_14;
when "100" =>
DATA <= CELL_6 & CELL_3;
when "101" =>
DATA <= CELL_10 & CELL_T7;
when "110" =>
DATA <= CELL_4 & CELL_11;
when others =>
DATA <= CELL_8 & "0000";
end case;
end if;
end process;

end ACH_OUT_MAP;

L4 L4
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library IEEE;
use IEEE.std_logic_1164.all;



entity SBUF is
port ( RESET,RxD,LOAD,DIR,CLOCK : in STD_LOGIC;
DIN : in STD_LOGIC_VECTOR( 7 downto 0);
S_OUT, STOPBIT, ZERO : out STD_LOGIC;
DOUT : out STD_LOGIC_VECTOR(7 downto 0));
end SBUF;

architecture ACH_SBUF_REG of SBUF is
signal SBUF : STD_LOGIC_VECTOR( 10 downto 0 );
signal SHF : STD_LOGIC;
begin
STOPBIT <= SBUF(10);
S_OUT <= SBUF(0);
DOUT <= SBUF( 9 downto 2 );
ZERO <="'l' when SBUF( 10 downto 1) <= "0000000000" else '0';
SHF <= RxD when DIR = "l" else '0’;
SBUF_GEN:process( CLOCK,RESET)
begin
if RESET ='1' then
SBUF <= "01000000000" ;
elsif CLOCK'EVENT and CLOCK = 'l' then
if LOAD ="'1" then
SBUF <="'"1' & DIN & "01";
else
SBUF <= SHF & SBUF ( 10 downto 1 );
end if;
end if;
end process;

end ACH_SBUF_REG;




if SEND_RECEIVE = '0' then

else

end if;

when S2 =>

LOAD <='07

SCLK <=0}

DIR <='1}
RESET_SBUF <= "1}
SDONE <= "0}
SERROR <= "0
LOAD_FUNC <="0"

NEXT_STATE <= S2;

LOAD <="1}%
SCLK <=0
DIRT<="d%

RESET_SBUF <=0
SDONE <="'0';
SERROR <= 0%
LOAD_FUNC <= "0

NEXTLSTATE ) (<=9S7;

if RxD ="'0" then

else

LOAD <= "0

SCLK <=0

DIR <='1"
RESET_SBUF <= "0}
SDONE <= "0

SERROR <= "0’
LOAD_FUNC <= "0
NEXT_STATE <= S3;



¥
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library IEEE;
library EXEMPLAR;
use IEEE.std_logic_1164.all;
use EXEMPLAR.EXEMPLAR_1164.all;
entity STA_SBUF is
port(FRESET,SEND_RECEIVE, XCLK ,RxD,BIT_0,BIT_10,SZERO:in STD_LOGIC;
LOAD,SCLK,DIR,RESET_SBUF,SDONE,SERROR,LOAD_FUNC:out
STD_LOGIC);

end STA_SBUF;

architecture ACH_STATE_MACHINE_SBUF of STA_SBUF is
type STATE_TYPE is (S1,52,53,54,55,56,57,58,59,510,511,512,S13,514,515);
signal CURRENT_STATE,NEXT_STATE:STATE_TYPE;
begin
SYNCH:process(FRESET,XCLK)
begin
it FRESET ="'1' then
CURRENT_STATE <= S1;
elsif XCLK'EVENT and XCLK = '1" then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

COMBINATION:
process(CURRENT_STATE,SEND_RECEIVE,RxD,BIT_0,BIT_10,SZERO)
begin

case CURRENT_STATE is

when S1 =>



LOAD <=0}
SCLK <=0
DIR <='1%
RESET_SBUF <= "0
SDONE <= '0}
SERROR <="0";
LOAD_FUNC <= "0
NEXT_STATE <= S2;
end if;
when S3 =>
if RxD ='0' then
LOAD <=0}
SCLK <= "0
DIR <='I"
RESET_SBUF <= "0
SDONE <=0}
SERROR <= '0';
LOAD_FUNC <=1}
NEXT_STATE <= S4;
else
LOAD <=0
SCLK <=0
DIR <="'1}
RESET_SBUF <= "0
SDONE <=0}
SERROR <=0’
LOAD_FUNC <= "0
NEXT_STATE <= S2;
end if;

when S4 =>



if RxD ="0" then

else

end if;

when S5 =>

LOAD <=0

SCLK <=0

DIR <='1}
RESET_SBUF <= "0
SDONE <=0
SERROR <=0}
LOAD_FUNC <=0

NEXT_STATE <= SS5;

LOAD <=0

SCLK <=0}

DIR <='l1%
RESET_SBUF <= "0}
SDONE <="0"
SERROR <=0
LOAD_FUNC <= '0}

NEXT_STATE <= S2;

if RxD ='0' then

else

LOAD <=0}

SCLK <="0';

DIR <='1}
RESET_SBUF <= '0
SDONE <= '0;
SERROR <= '0';
LOAD_FUNC <= "0
NEXT_STATE <= S6;



LOAD <=0
SCLK <=0
DIR <="'11;
RESET_SBUF <= '0';
SDONE <= '0}
SERROR <= "0
LOAD_FUNC <= "0
NEXT_STATE. <=-82;
end if;

when S6 =>
LOAD <='0"
SCLK <=0
DIR <='l%
RESET_SBUF <=0}
SDONE <=0
SERROR <= "0
LOAD_FUNC <=0}

NEXT_STATE <= S9;

when S7 =>
LOAD <="'1}
SCLK.<="1%
DIR <='1";

RESET_SBUF <=0}

SDONE <="0";

SERROR <=0

LOAD_FUNC <=0}

NEXT_STATE <= S8;
when S8 =>

LOAD <=0}

SCLK <=0’



DIR <='0"
RESET_SBUF <='0";
SDONE <= "0
SERROR <= '0;
LOAD_FUNC <= '0}
NEXT_STATE <= S9;
when S9 =>
if SEND_RECEIVE = '0' then
LOAD <=0}
SCLK <=1}
D@ -L; 1
RESET_SBUF '<= ‘0%
SDONE <= "0
SERROR <= "0
LOAD_FUNC <=0
NEXT_STATE <= S10;
else
LOAD <=0}
SCLK <="1}
DIR <=0}
RESET_SBUF <= 0}
SDONE <= '0';
SERROR <= "0
LOAD_FUNC <=0}
NEXT_STATE <= S10;
end if;
when S10 =>
if SEND_RECEIVE =0’ then
LOAD <="0"
SCLK <=0}



else

end 1f;

when S11 =>

DIR <='1%
RESET_SBUF <= 0}
SDONE <= "0}
SERROR <= "0
LOAD_FUNC <= "0

NEXT_STATE <=

LOAD <= 0}

SCLK <=0

DIR <=0
RESET_SBUF <= '0;
SDONE <= '0’;
SERROR <= '0;
LOAD_FUNC <= 0}
NEXT_STATE <=

if SEND_RECEIVE = '0' then

else

LOAD <=0}

SCLK <="0%

DIR <='1%
RESET_SBUF <= '0;
SDONE <= '0';
SERROR <= '0;
LOAD_FUNC <= '0%

NEXT_STATE <=

LOAD <=0}
SCLK <=0}

DIR <='0}

S1l;

S11;

S12;



RESET_SBUF <= "0}
SDONE <=0}
SERROR <= "0
LOAD_FUNC <= '0;
NEXT_STATE <= S12;
end if;
when S12 =>
if (((not SEND_RECEIVE) and BIT_0) or (SEND_RECEIVE and
SZERO))="1" then
LOAD <='0}
SCBK <={0%
DIR <="1%
RESET_SBUF <= '0';
SDONE <="0";
SERROR <= "0
LOAD_FUNC <=0}
NEXT_STATE <= S13;
elsit SEND_RECEIVE = '0' then
LOAD <=0}
SCLK <= 0%
DIR <='1";
RESET_SBUF <=0}
SDONE <= '0";
SERROR <= '0";
LOAD_FUNC <=0}
NEXT_STATE <= S9;
else
LOAD <=0}
SCLK <=0}

DIR <="'04



RESET_SBUF <=0}
SDONE <= '0}
SERROR <= "0
LOAD_FUNC <=0
NEXT_STATE <= S9;

end if;

when S13 =>
if (((not SEND_RECEIVE) and BIT_0 and BIT_10) or

(SEND_RECEIVE and SZERO))="0' then

LOAD <=0
SCLK <=0
DIR <="'1"

RESET_SBUF <= '0;
SDONE <=0}
SERROR <=1}
LOAD_FUNC <=0}
NEXT_STATE <= S14;
else
LOAD <= '0}
SCEK <= '0';
DIR <="'1%
RESET_SBUF <=0
SDONE <= "0
SERROR <=0}
LOAD_FUNC <=0
NEXT_STATE <= S15;
end if;
when S14 =>
LOAD <=0}

SCLK <= '0';



DIR <="'1}
RESET_SBUF <= "0
SDONE <= "0
SERROR <= '1";
LOAD_FUNC <=0}
NEXT_STATE <= Sl14;
when S15 =>
LOAD <=0
SCLK <=0
DIR <='1%
RESET_SBUF <= '0;
SDONE <= ‘1%
SERROR <="0';
LOAD_FUNC <=0}
NEXT_STATE <= S15;
end case;
end process;

end ACH_STATE_MACHINE_SBUF;
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library IEEE;
library EXEMPLAR;
use IEEE.std_logic_1164.all;
use EXEMPLAR.EXEMPLAR_1164.all;
entity SCOUNT is
port(INC,LOAD,RESET:in STD_LOGIC;
SCOUNT:out STD_LOGIC_VECTOR(2 downto 0));



end SCOUNT;

architecture ACH_SCOUNT of SCOUNT is
signal DATA,SCOUNT_BUF:STD_LOGIC_VECTOR(2 downto 0);
begin
COUNTER:
process(INC,LOAD,RESET,SCOUNT_BUF)
begin
if INC ="'1" then
DATA <= SCOUNT_BUF + "1";
else
DATA <= SCOUNT_BUF;
end if;
if RESET ="'1" then
SCOUNT_BUF <= "000";
elsif LOAD'EVENT and LOAD ="l" then
SCOUNT_BUF <= DATA;
end if;
end process;
SCOUNT <= SCOUNT_BUF;

end ACH_SCOUNT;
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library IEEE;

library EXEMPLAR;

use IEEE.std_logic_1164.all;

use EXEMPLAR.EXEMPLAR _1164.all;

entity STA_IO is



port(RESET,SDONE, TRN_DONE,CLOCK,XCLK:in STD_LOGIC;
SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);
SEND_RECEIVE,FRESET,Sop,LOAD_CELL,INC,RESET_SCOUNT,
LOAD_SCOUNT,RESET_TRN,START_TRN,DONE:out STD_LOGIC;

OPERATION:out STD_LOGIC_VECTOR(2 downto 0));

end STA_IO;

architecture ACH_STATE_MACHINE_IO of STA_IO is
type STATE_TYPE is (S1,82,83.54,85,56,97,58,59,510,511,512,513,514,515,516,517,518,519);
signal CURRENT_STATE,NEXT_STATE:STATE_TYPE;
signal DELAY:STD_LOGIC;
signal COUNT_XCLK:STD_LOGIC_VECTOR(5 DOWNTO 0);
begin
DELAY 1:process(XCLK,CURRENT_STATE)
begin
if CURRENT_STATE /= S$17 then
COUNT_XCLK <= "000000";
DELAY <=1
elsif XCLK'EVENT and XCLK = 1" then
if COUNT_XCLK /= "111111" then
COUNT_XCLK <= COUNT_XCLK +"1";
DELAY <='1";
else
COUNT_XCLK <= "000000";
DELAY <=0
end if;
end if;

end process;

SYNCH:process(RESET,CLOCK)
begin
if RESET = 'l' then
CURRENT_STATE <= S1;



elsif CLOCK'EVENT and CLOCK = '1' then
CURRENT_STATE <= NEXT_STATE;
end if;

end process;

COMBINATION:
process(CURRENT_STATE,SDONE, TRN_DONE,SCOUNT,DELAY)
begin
case CURRENT_STATE is
when S1 =>
SEND_RECEIVE <= '0;
FRESET <="1%
Sop <y )
RESET_SCOUNT <=1
INC <="0}
LOAD_SCOUNT <=0
OPERATION <="001";
LOAD_CELL <=0,
RESET_TRN <='1}
START_TRN  <='04
DONE <=0
NEXT_STATE <= S2;
when S2 =>
SEND_RECEIVE <="0'
FRESET <=""0l
Sop <=1}
RESET_SCOUNT <=0
INC <=0
LOAD_SCOUNT <='0
OPERATION <= "001";
LOAD_CELL <=0
RESET_TRN <='11
START_TRN <='0}
DONE <=0



when S3 =>

NEXT_STATE <= 83;

if SDONE =0’ then

else

SEND_RECEIVE <=0
FRESET <=0}

Sop <='l%
RESET_SCOUNT <='0";
INC <=0,
LOAD_SCOUNT <="0"
OPERATION <="001";
LOAD_CELL <=0
RESET_TRN <='1}
START_TRN  <='0}
DONE =0
NEXT_STATE <= S3;

SEND_RECEIVE <= '0';
FRESET <2 '0Y4

Sop <="I5
RESET_SCOUNT <=0
INC <= 0K
LOAD_SCOUNT <=0';
OPERATION <="001";
LOAD_CELL <='0%
RESET_TRN <=1}
START_TRN <='0}
DONE <="'0;
NEXT_STATE <= $4;

end if;

when S4 =>

SEND_RECEIVE <= '0;

"FRESET <= '0%

Sop <="1"
RESET_SCOUNT <=0



when S5 =>

when S6 =>

INC <="0"
LOAD_SCOUNT <="0"
OPERATION <="001";
LOAD_CELL <='l}
RESET_TRN <=1}
START_TRN <=0
DONE <="0%

NEXT_STATE <= S85;

SEND_RECEIVE <=1}
FRESET <10

Sop <=1}
RESET_SCOUNT <="0";
INC <='0%
LOAD_SCOUNT <=0
OPERATION  <="001";
LOAD_CELL <='04
RESEZIIERNb (<=4l
START_TRN <=0}
DONE <="0%
NEXT_STATE <= S6;

SEND_RECEIVE <= "1}
FRESET <='0%

Sop <="11
RESET_SCOUNT <=0}
INC <="0}
LOAD_SCOUNT <=0
OPERATION <="001";
LOAD_CELL <='0%
RESET_TRN <='11%
START_TRN <=0
DONE <="0%
NEXT_STATE <= S7;



when S7 =>

if SDONE ="0" then
SEND_RECEIVE <=1,
FRESET <="0
Sop <="1"
RESET_SCOUNT <="'0";
INC <=0}
LOAD_SCOUNT <=0}
OPERATION <="001";
LOAD_CELL <=0,
RESET_TRN <='17;
START_TRN = <='04
DONE =08
NEXT_STATE <= 87,

else
SEND_RECEIVE <="1";
FRESET <=0
Sop =N
RESET_SCOUNT <= 0
INC <1
LOAD_SCOUNT <=0
OPERATION  <="001";
LOAD_CELL <='0%
RESET_TRN <='1}
START_TRN <=0
DONE <="'0';
NEXT_STATE <= S8;

end if;

when S8 =>

SEND_RECEIVE <= '1";
FRESET <=0
Sop <=1}
RESET_SCOUNT <= '0";
INC <=1}



LOAD_SCOUNT <="'1%
OPERATION  <="001";
LOAD_CELL <=0,
RESET_TRN <='1";
START_TRN <='0
DONE <=0}
NEXT_STATE <= S9;
when S9 =>
SEND_RECEIVE <= '0';
FRESET <=0}
Sop <="1%
RESET_SCOUNT <="'0";
INC =y )
LOAD_SCOUNT <='0;
OPERATION = <= "001";
LOAD_CELL <='04
RESET_TRN <='I%
START_TRN  <='0
DONE <=0}
NEXT_STATE <= S10;
when S10 =>

if SCOUNT = "000" then
SEND_RECEIVE <= "1}
FRESET <="04
Sop <="'0}
RESET_SCOUNT <= '1";
INC <="0%
LOAD_SCOUNT <='0';
OPERATION <= "000";
LOAD_CELL <='04
RESET_TRN <='1';
START_TRN <=0
DONE <=0}
NEXT_STATE <= Sl11;



else
SEND_RECEIVE <= '0";
FRESET =
Sop <=1
RESET_SCOUNT <= '0";
INC <="0%
LOAD_SCOUNT <=0}
OPERATION <= "001";
LOAD_CELL <="0%
RESET_TRN <='1}
START_TRN <=0}
DONE <& 0’
NEXT_STATE, <= 82;

end if;

when S11 =>
SEND_RECEIVE <= '0;
FRESET <="0}
Sop &'V
RESET_SCOUNT <= '0";
INC <=0
LOAD_SCOUNT <=0
OPERATION  <="000";
LOAD_CELL <=0
RESET_TRN <='04
START_TRN <='1};
DONE <="0}
NEXT_STATE <= S12;
when S12 =>

if TRN_DONE = '0' then
SEND_RECEIVE <=1
FRESET <="0}
Sop <=0
RESET_SCOUNT <="0";
INC <="0%



LOAD_SCOUNT <=0,
OPERATION <= "000";
LOAD_CELL <=0
RESET_TRN <=0}
START_TRN <='1";
DONE <="0
NEXT_STATE <= S12;

else
SEND_RECEIVE <= "'1";
FRESET <=0
Sop <=
RESET_SCOUNT <=0
INC <N
LOAD_SCOUNT <=0
OPERATION = <= "000";
LOAD_CELL <='0%
RESET_TRN <=0}
START_TRN <=0
DONE <="0;
NEXT_STATE <= S13;

end if;

when S13 =>

SEND_RECEIVE <= '"1;
FRESET <= "1
Sop <="0"
RESET_SCOUNT <=1,
INC <="'0%
LOAD_SCOUNT <='0';
OPERATION <= "000";
LOAD_CELL <=0}
RESET_TRN <=0}
START_TRN <=0
DONE <="0
NEXT_STATE <= S14;



when S14 =>

SEND_RECEIVE <= "1";
FRESET <="04

Sop <="0"
RESET_SCOUNT <=0
INC <=0,
LOAD_SCOUNT <=0}
OPERATION <= "000";
LOAD_CELL _<="0";
RESET_TRN <=0}
START_TRN <=0}
DONE <0

NEXT_STATE <= S15;

when S15 =>

if SDONE = '0" then

else

SEND_RECEIVE <= '1";
FRESET <=0

Sop - =N
RESET_SCOUNT <=0
INC <=0
LOAD_SCOUNT <=0}
OPERATION = <="000";
LOAD_CELL <=0}
RESET_TRN <=0}
START_TRN <=0}
DONE <='0%
NEXT_STATE <= SI15;

SEND_RECEIVE <=1
FRESET <="04

Sop <=0}
RESET_SCOUNT <='0';
INC <="1}
LOAD_SCOUNT <=0}



OPERATION <= "000";
LOAD_CELL <=0,
RESET_TRN <='0
START_TRN <='04
DONE <=0
NEXT_STATE <= S16;
end if;

when S16 =>
SEND_RECEIVE <="1";
FRESET <='0"
Sop <="0"
RESET_SCOUNT <= '0";
INC <='1"
LOAD_SCOUNT <=1}
OPERATION = <= "000";
LOAD 1CHIL\ <X'0';
RESET_TRN <='04
START_TRN  <='04
DONE <='0;
NEXT_STATE <= S17,

when S17 =>

if DELAY ="'1' then

SEND_RECEIVE <= '1";
FRESET <="04
Sop <="0"
RESET_SCOUNT <="0';
INC <="0%
LOAD_SCOUNT <=0
OPERATION <= "000",
LOAD_CELL <='0}
RESET_TRN <='0%
START_TRN <='0%
DONE <=0
NEXT_STATE <= S17,



else

end if;

SEND_RECEIVE <="1";
FRESET <="04

Sop <="0"
RESET_SCOUNT <= '0';
INC <='0%
LOAD_SCOUNT <='0';
OPERATION <= "000";
LOAD_CELL <="'0
RESET_TRN <=0,
START_TRN <="'0}
DONE <=0
NEXT_STATE <= SI18;

when S18 =>

if SCOUNT = "000" then

else

SEND_RECEIVE <= "0
FRESET <=

Sop <=0}
RESET_SCOUNT <="0";
INC <="0%
LOAD_SCOUNT <='04
OPERATION <= "000";
LOAD_CELL <="'0
RESET_TRN <=0
START_TRN <='0}
DONE <='0%
NEXT_STATE <= S19;

SEND_RECEIVE <= '1";
FRESET <= 1"

Sop <=0
RESET_SCOUNT <= '0";
INC <=0}



LOAD_SCOUNT <='0}
OPERATION <= "000";
LOAD_CELL <=0}
RESET_TRN <=0
START_TRN <=0}
DONE <=0
NEXT_STATE <= S14;
end if;
when S19 =>
SEND_RECEIVE <=0}
FRESET <=0
Sop <="'04
RESET_SCOUNT <= "0";
INC <=|'0%
LOAD_SCOUNT <=0}
OPERATION <= "000";
LOAD_CELL <='0}
RESET_TRN <=0}
START_TRN <='0%
DONE <="1%
NEXT_STATE <= S1;
end case;
end process;

end ACH_STATE_MACHINE_IO;

5.17 TUsuNsuUTTNENGANTTHUDINVTADNMININUVBITN

library IEEE;
use IEEE.std_logic_1164.all;
entity IJO_PIN is
port(RxC,RxS,TxD,LOAD_FUNC,TRN_DONE:in STD_LOGIC;



TxC,TxS,RxD,FUNC:out STD_LOGIC);

end IO_PIN;

architecture ACH_IO_PIN of IO_PIN is
signal RxC_RxS:STD_LOGIC_VECTOR(1 downto 0);
signal FUNC_IN,FUNC_DATA:STD_LOGIC;

begin

RxC_RxS <= RxC & RxS;

FUNCI1:
process(RxC_RxS,LOAD_FUNC,TRN_DONE)
begin
case RxC_RxS is
when "01" =>
FUNC_DATA <=1}
when "10" =>
FUNC_DATA <=0}
when others =>
FUNC_DATA <="-}

end case;

if LOAD_FUNCEVENT and LOAD_FUNC = '1' then
if TRN_DONE = '0' then
FUNC_IN <= FUNC_DATA;
end if;
end if;

end process;

[O:process(RxC,RxS, TxD,FUNC_IN,TRN_DONE)

begin



it TRN_DONE ="'0' then
RxD <= not (RxC xor RxS);
TxC <= TxD;
TxS <="1";
elsif FUNC_IN = 'l' then
RxD <="'1"
TxC <='1%
TxS <= TxD;
else
RxD <="1";
TxC <= TxD;
TxS <=1
end if;
end process;
FUNC <= FUNC_IN;
end ACH_IO_PIN;

v
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library IEEE;
use IEEE.std_logic_1164.all;
entity CHIP is
port(RESET,OSC,RxC,RxS:in STD_LOGIC;
TxC,TxS,ERROR DONE:out STD_LOGIC);
end CHIP;

architecture ACH_CHIP of CHIP is

component GEN



port(RESET,0SC:in STD_LOGIC; CLK:out STD_LOGIC);
end component;
component JO_PIN
port(RxC,RxS,TxD,LOAD_FUNC,TRN_DONE:in STD_LOGIC;
TxC,TxS,RxD,FUNC:out STD_LOGIC);
end component;
component MUX_ADDR
port(OPERATION,SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);
ENABLE_CELLO,ENABLE_CELL1,ENABLE_CELL2,ENABLE_CELLS3,
ENABLE_CELL4,ENABLE_CELLS ENABLE_CELL6,ENABLE_CELL7,
ENABLE_CELLS,ENABLE_CELL9,ENABLE_CELL10,ENABLE_CELLI11
LENABLE_CELLI12,ENABLE_CELL13,ENABLE_CELL14
:out STD_LOGIC);
end component;
component MUX_IN
port(SBUF_HLSBUF_LOW:in STD_LOGIC_VECTOR(3 downto 0);
OPERATION,SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);
TRN_3P_AO0,TRN_3P_A1,TRN_3P_A2
:in STD_LOGIC_VECTOR(3 downto 0);
TRN_S5P_AO0,TRN_5P_A1,TRN_5P_A2,TRN_5P_A3,TRN_5P_A4
:in STD_LOGIC_VECTOR(3 downto 0);
DATA_OUT_CELLO,DATA_OUT_CELL1,DATA_OUT_CELL2,
DATA_OUT_CELL3,DATA_OUT_CELL4,DATA_OUT_CELLS,
DATA_OUT_CELL6,DATA_OUT_CELL7,DATA_OUT_CELLS,
DATA_OUT_CELL9,DATA_OUT_CELL10,DATA_OUT_CELLI11,
DATA_OUT_CELL12,DATA_OUT_CELL13,DATA_OUT_CELL14
:in STD_LOGIC_VECTOR(3 downto 0);
DATA_IN_CELLO,DATA_IN_CELL1,DATA_IN_CELL?2,
DATA_IN_CELL3,DATA_IN_CELL4,DATA_IN_CELLS,
DATA_IN_CELL6,DATA_IN_CELL7,DATA_IN_CELLS,



DATA_IN_CELLY,DATA_IN_CELL10,DATA_IN_CELLI11,
DATA_IN_CELL12,DATA_IN_CELL13,DATA_IN_CELLI14
:out STD_LOGIC_VECTOR(3 downto 0));
end component;
component OUT_MAP
port(CELL_0,CELL_1,CELL_2,CELL_3,CELL_4,CELL_5,CELL_6,CELL_7,
CELL_8,CELL_9,CELL_10,CELL_11,CELL_12,CELL_13,CELL_14
:in STD_LOGIC_VECTOR(3 downto 0);
Sop:in STD_LOGIC; Scount:in STD_LOGIC_VECTOR(2 downto 0);
DATA:out STD_LOGIC_VECTOR(7 downto 0));
end component;
component REG_CELL
port(DATA _IN:in STD_LOGIC_VECTOR(59 downto 0);
LOAD:in STD_LOGIC;
ENABLE:in STD_LOGIC_VECTOR(14 downto 0);
DATA_OUT:out STD_LOGIC_VECTOR(59 downto 0));
end component;
component SBUF
port(RESET,RxD,LOAD,DIR,CLOCK:in STD_LOGIC;
DIN:in STD_LOGIC_VECTOR(7 downto 0);
S_OUT,STOPBIT,ZERO:out STD_LOGIC;
DOUT:out STD_LOGIC_VECTOR(7 downto 0));
end component;
component SCOUNT
port(INC,LOAD,RESET:in STD_LOGIC;
SCOUNT:out STD_LOGIC_VECTOR(2 downto 0));
end component;
component STA_IO
port(RESET,SDONE, TRN_DONE,CLOCK,XCLK:in STD_LOGIC;
SCOUNT:in STD_LOGIC_VECTOR(2 downto 0);



SEND_RECEIVE,FRESET,Sop,LOAD_CELL,INC,RESET_SCOUNT,
LOAD_SCOUNT,RESET_TRN,START_TRN,DONE:out STD_LOGIC;
OPERATION:out STD_LOGIC_VECTOR(2 downto 0));
end component;
component STA_MACH
port(RESET,START_TRN,CLK:in STD_LOGIGC;
OPERATION:out STD_LOGIC_VECTOR(2 downto 0);
LOAD_CELL,DONE:out STD_LOGIC);
end component;
component STA_SBUF
port(FRESET,SEND_RECEIVE, XCLK,RxD,BIT_0,BIT_10,SZERO
:in STD_LOGIC;
LOAD,SCLK,DIR,RESET_SBUF,SDONE,SERROR,LOAD_FUNC
:out STD_LOGIC);
end component;
component TRN_3P
port(AO_IN_3P,A1_IN_3P,A2_IN_3P:in STD_LOGIC_VECTOR(3 downto 0);
FUNC:in STD_LOGIC;
A0_OUT_3P,A1_OUT_3P,A2_OUT_3P
:out STD_LOGIC_VECTOR(3 downto 0));
end component;
component TRN_5P
port(AO_IN,A1_IN,A2_IN,A3_IN,A4_IN
:in STD_LOGIC_VECTOR(3 downto 0); FUNC:in STD_LOGIC;
A0_OUT,A1_OUT,A2_OUT,A3_OUT,A4_OUT
:out STD_LOGIC_VECTOR(3 downto 0));
end component;
component XCLOCK
port(CLOCK,RESET: in STD_LOGIC;
XCLK: out STD_LOGIC);



end component;

signal CLOCK,XCLK,RxD,TxD,TRN_DONE,Sop,LOAD_CELL,
LOAD_CELL_STA_IO,LOAD_CELL_STA_MACH,
RESET_SBUF,LOAD_SBUF,DIR,SCLK,S_OUT,STOPBIT,ZERO,
INC_SCOUNT,LOAD_SCOUNT,RESET_SCOUNT,SDONE,
SEND_RECEIVE,FRESET,RESET_TRN,START_TRN,LOAD_FUNC,FUNC,
ENABLE_CELLO,ENABLE_CELLI1,ENABLE_CELL2,ENABLE_CELL3,
ENABLE_CELL4,ENABLE_CELL5,ENABLE_CELL6,ENABLE_CELL7,
ENABLE_CELL8,ENABLE_CELL9,ENABLE_CELL10,ENABLE_CELLI1,

ENABLE_CELL12,ENABLE_CELL13,ENABLE_CELL14:STD_LOGIC;

signal SBUF_HIL,SBUF_LOW,
TRN_3P_AO0,TRN_3P_A1,TRN_3P_A2,
TRN_5P_AO,TRN_5P_A1,TRN_5P A2 TRN_SP_A3,TRN_SP_Ad4,
DATA_OUT_CELLO,DATA_OUT_CELL1,DATA_OUT_CELL?2,
DATA_OUT_CELL3,DATA_OUT_CELL4,DATA_OUT_CELLS,
DATA_OUT_CELL6,DATA_OUT_CELL7,DATA_OUT_CELLS,
DATA_OUT_CELL9,DATA_OUT_CELL10,DATA_OUT_CELL11,
DATA_OUT_CELL12,DATA_OUT_CELL13,DATA_OUT_CELLI14,
DATA_IN_CELLO,DATA_IN_CELL1,DATA_IN_CELL2,DATA_IN_CELLS3,
DATA_IN_CELL4,DATA_IN_CELLS5,DATA_IN_CELL6,DATA_IN_CELL7,
DATA_IN_CELL8,DATA_IN_CELL9,DATA_IN_CELL10,DATA_IN_CELLI11,
DATA_IN_CELL12,DATA_IN_CELL13,DATA_IN_CELL14
:STD_LOGIC_VECTOR(3 downto 0);

signal OPERATION,OPERATION_STA_IO,OPERATION_STA_MACH,
SCOUNT_BUF:STD_LOGIC_VECTOR(2 downto 0);

signal DATA_IN,DATA_OUT:STD_LOGIC_VECTOR(7 downto 0);

signal DATA_IN_BUF,DATA_OUT_BUF:STD_LOGIC_VECTOR(59 downto 0);



signal ENABLE:STD_LOGIC_VECTOR(14 downto 0);

begin

TxD <= DIR or S_OUT;

OPERATION <= OPERATION_STA_IO or OPERATION_STA_MACH;
LOAD_CELL <= LOAD_CELL_STA_IO or LOAD_CELL_STA_MACH;
SBUF_HI <= DATA_OUT(7 downto 4);

SBUF_LOW <= DATA_OUT(3 downto 0);

DATA_IN_BUF <= DATA_IN_CELL14 & DATA_IN_CELL13 &DATA_IN_CELLI12
&DATA_IN_CELL11 & DATA_IN_CELL10 & DATA_IN_CELL9 &
DATA_IN_CELL8 & DATA_IN_CELL7 & DATA_IN_CELL6 &
DATA_IN_CELLS & DATA_IN_CELL4 & DATA_IN_CELL3 &
DATA_IN_CELL2 & DATA_IN_CELLI & DATA_IN_CELLO:;

ENABLE <= ENABLE_CELLO&ENABLE_CELL1&ENABLE_CELL2&
ENABLE_CELL3&ENABLE_CELL4&ENABLE_CELL5&
ENABLE_CELL6&ENABLE_CELL7&ENABLE_CELL8&
ENABLE_CELL9&ENABLE_CELL10&ENABLE_CELL11&
ENABLE_CELL12&ENABLE_CELL13&ENABLE_CELL14;

DATA_OUT_CELL14 <= DATA_OUT_BUF(59 downto 56);

DATA_OUT_CELL13 <= DATA_OUT_BUF(55 downto 52);

DATA_OUT_CELL12 <= DATA_OUT_BUF(51 downto 48);

DATA_OUT_CELLI11 <= DATA_OUT_BUF(®47 downto 44);

DATA_OUT_CELLI10 <= DATA_OUT_BUF(43 downto 40);

DATA_OUT_CELL9 <= DATA_OUT_BUF(39 downto 36);

DATA_OUT_CELLS8 <= DATA_OUT_BUF(35 downto 32);

DATA_OUT_CELL7 <= DATA_OUT_BUF(31 downto 28);

DATA_OUT_CELL6 <= DATA_OUT_BUF(27 downto 24);

DATA_OUT_CELLS5 <= DATA_OUT_BUF(23 downto 20);

DATA_OUT_CELL4 <= DATA_OUT_BUF(19 downto 16);

DATA_OUT_CELL3 <= DATA_OUT_BUF(15 downto 12);



DATA_OUT_CELL2 <= DATA_OUT_BUF(11 downto 8);
DATA_OUT_CELLI <= DATA_OUT_BUF(7 downto 4);

DATA_OUT_CELLO <= DATA_OUT_BUF(3 downto 0);

GENI1:GEN port map (RESET,0SC,CLOCK);

XCLOCK1:XCLOCK port map (CLOCK,RESET,XCLK);

IO_PIN1:I0_PIN port map (RxC,RxS,TxD,LOAD_FUNC,TRN_DONE,
TxC,TxS,RxD,FUNC);

MUX_ADDR1:MUX_ADDR port map(OPERATION,SCOUNT_BUF,
ENABLE_CELLO,ENABLE_CELL1,ENABLE_CELL2 ENABLE_CELL3,
ENABLE_CELL4,ENABLE_CELLS,ENABLE_CELL6,ENABLE_CELL7,
ENABLE_CELLS,ENABLE_CELL9,ENABLE_CELL10,ENABLE_CELLI11,
ENABLE_CELL12,ENABLE_CELLI13,ENABLE_CELL14);

MUX_IN1:MUX_IN port map (SBUF_HIL,SBUF_LOW,OPERATION,SCOUNT_BUF,
TRN_3P_AO,TRN_3P_A1,TRN_3P_A2,
TRN_5P_AO,TRN_5P_A1,TRN_5P_A2,TRN_5P_A3,TRN_SP_A4,
DATA_OUT_CELLO,DATA_OUT_CELL1,DATA_OUT_CELL?2,
DATA_OUT_CELL3,DATA_OUT_CELL4,DATA_OUT_CELLS,
DATA_OUT_CELL6,DATA_OUT_CELL7,DATA_OUT_CELLS,
DATA_OUT_CELLS,DATA_OUT_CELL10,DATA_OUT_CELLI11,
DATA_OUT_CELL12,DATA_OUT_CELL13,DATA_OUT_CELL14,
DATA_IN_CELLO,DATA_IN_CELLI1,DATA_IN_CELL2,
DATA_IN_CELL3,DATA_IN_CELL4,DATA_IN_CELLS,
DATA_IN_CELL6,DATA_IN_CELL7,DATA_IN_CELLS,
DATA_IN_CELL9,DATA_IN_CELL10,DATA_IN_CELLI11,
DATA_IN_CELL12,DATA_IN_CELL13,DATA_IN_CELL14);

OUT_MAP1:OUT_MAP port map (DATA_OUT_CELLO,DATA_OUT_CELL],
DATA_OUT_CELL2,DATA_OUT_CELL3,DATA_OUT_CELLA,
DATA_OUT_CELL5,DATA_OUT_CELL6,DATA_OUT_CELL7,
DATA_OUT_CELL8,DATA_OUT_CELL9,DATA_OUT_CELLI10,



DATA_OUT_CELLI11,DATA_OUT_CELL12,DATA_OUT_CELLI13,
DATA_OUT_CELL14,Sop,SCOUNT_BUF,DATA_IN);

REG_CELI1:REG_CELL port map (DATA_IN_BUF,LOAD_CELL,ENABLE,
DATA_OUT_BUF);

SBUF1:SBUF port map (RESET_SBUF,RxD,LOAD_SBUF,DIR,SCLK,DATA_IN,
S_OUT,STOPBIT,ZERO,DATA_OUT);

SCOUNT1:SCOUNT port map (INC_SCOUNT,LOAD_SCOUNT,RESET_SCOUNT,
SCOUNT_BUF),

STA_IO1:STA_IO port map (RESET,SDONE,TRN_DONE,CLOCK,XCLK,
SCOUNT_BUF,SEND_RECEIVE,FRESET,Sop, LOAD_CELL_STA_IO,
INC_SCOUNT,RESET_SCOUNT,LOAD_SCOUNT,
RESET_TRN,START_TRN,DONE,OPERATION_STA_IO);

STA_MACH1:STA_MACH port map (RESET_TRN,START_TRN,CLOCK,
OPERATION_STA_MACH,LOAD_CELL_STA_MACH,TRN_DONE);

STA_SBUF1:STA_SBUF port map (FRESET,SEND_RECEIVE,XCLK,RxD,S_OUT,
STOPBIT,ZERO,LOAD_SBUF,SCLK,DIR,RESET_SBUF,SDONE,ERROR,
LOAD_FUNC);

TRN_3P1:TRN_3P port map (DATA _OUT_CELLO,DATA_OUT_CELLS,
DATA_OUT_CELLIO,

FUNC,TRN_3P_AO,TRN_3P_A1,TRN_3P_A2);

TRN_5P1:TRN_5P port map (DATA_OUT_CELL10,DATA_OUT_CELLI1],
DATA_OUT_CELL12,DATA_OUT_CELL13,DATA_OUT_CELL14,FUNC,
TRN_SP_AO,TRN_5P_A1,TRN_5P_A2,TRN_5P_A3,TRN_5P_A4);

end ACH_CHIP;

configuration CONFIG_CHIP of CHIP is
for ACH_CHIP
for all:GEN use entity work.GEN(RTL);

end for;



for all:IO_PIN use entity work.IO_PIN(ACH_IO_PIN);

end for;

for al:MUX_ADDR use entity work. MUX_ADDR(ACH_MUX_CELL_ADDRESS);
end for;

for all:MUX_IN use entity work. MUX _IN(ACH_MUX_IN);

end for;

for al:OUT_MAP use entity work.OUT_MAP(ACH_OUT_MAP);

end for;

for all:REG_CELL use entity work.REG_CELL(ACH_REG);

end for;

for all:SBUF use entity work.SBUF(ACH_SBUF_REG);

end for;

for all:SCOUNT use entity work.SCOUNT(ACH_SCOUNT);

end for;

for all:STA_IO use entity work.STA_IO(ACH_STATE_MACHINE_IO);

end for;

for all:STA_MACH use entity work.STA_MACH(ACH_STATE_MACHINE);
end for;

for all:STA_SBUF use entity work.STA_ _SBUF(ACH_STATE_MACHINE_SBUF);
end for;

for all:TRN_3P use entity work. TRN_3P(ACH_TRN_3P),

end for;

for all:TRN_SP use entity work. TRN_5P(ACH_TRN_5P);

end for;

for all:XCLOCK use entity work.XCLOCK(ACH_XCLOCK);

end for;

end for;

end CONFIG_CHIP;




6. lWsunsumuithama

program TEST_PROJECT;
type CELL_TYPE = array[0..14] of BYTE;

var CELL,CELL_IN,CELL_3P,CELL_5P,CELL_OUT:CELL_TYPE;
EN_DE,i,j:INTEGER;

const CON_0:BYTE=1; CON_1:BYTE=2; CON_2:BYTE=4; CON_3:BYTE=8;

procedure MUL(A B:BYTE; var C:BYTE);
begin
A_0 := (A and CON_0);
A_l = ((A and CON_1) shr 1);
A_2 = ((A and CON_2) shr 2);
A_3 := ((A and CON_3) shr 3);
B_0 := (B and CON_0);
B_1:=((B and CON_1) shr 1);
B_2 := ((B and CON_2) sirr 2);
B_3 := ((B and CON_3) shr 3); )
C :=(((A_1 and B_3) xor (A_2 and B_2) xor (A_3 and B_1) xor (A_0 and B_0)) xor
(((A_1 and B_3) xor (A_2 and B_2) xor (A_3 and B_1) xor (A_0 and B_1) xor
(A_1 and B_0) xor (A_2 and B_3) xor (A_3 and B_2)) shl 1) xor
(((A_2 and B_3) xor (A_3 and B_2) xor (A_0 and B_2) xor (A_1 and B_1) xor (A_2 and B_0)
xor (A_3 and B_3)) shl 2) xor
(((A_3 and B_3) xor (A_0 and B_3) xor (A_1 and B_2) xor (A_2 and B_1) xor
(A_3 and B_0)) shl 3));

end;

procedure TRN_3P(A0.A1,A2:BYTE; var C0,C1,C2:BYTE);
var 1,52 M1.BELTA:BYTE:
begin
if EN_DE =1 then
BELTA :=7

else



BELTA :=6;
S1 := Al xor A2;
CO := él xor AQ;
MULBELTA,S1,M1);
writeln('belta = ', BELTA);
writeln('s1 = ',S1);
writeln('M = ' M1);
readln;
52 := CO xor M1;
Cl1 := §2 xor Al;
C2 := 82 xor A2;

end;

procedure TRN_5P(A0,A1,A2,A3,A4:BYTE; var C0,C1,C2,C3,C4:BYTE);
var §1,52,53,54,55,56,57,58,59,510,511,S12,M1,M2,M3,M4,M5,
BELTAIBELTA2 BELTA3 BELTA4:BYTE;
begin
if EN_DE =1 then
begin
BELTALI := 13; BELTA2 := 4; BELTA3 := 3; BELTA4 := 7,
end
else
begin
BELTALI :=11; BELTA2 := 5; BELTA3 := 2; BELTA4 :=7,
end;
S1 := A2 xor A3;

S2 := Al xor A4;

S3 := Al xor A3;
S4 := A2 xor A4,
SS := S1 xor S2;
CO := 85 xor A0;

MULBELTALS5,M1);
MULBELTA2,S1.M2);
MUL(BELTA3,52.M3);
MUL(BELTA4,S3,M4);
MUL(BELTA4,54,M5);



S6 := CO xor M1;
S7 := 86 xor M2;
S8 := S6 xor M3;
S9 := M5 xor A2;
S10 := M4 xor Al;
S11 := M5 xor A4,
S12 := M4 xor A3;
Cl =S8 ior S9;
C2 := S7 xor S10;
C3 := 87 xor S11;
C4 := S8 xor S12;

end;

begin
write('Enter 1 with Encode, 0 with Decode: *); readln(EN_DE);

write('Enter Data of Cell0: '); readln(CELL[0]);
write('Enter Data of Celll: ); readln(CELL[1]);
write('Enter Data of Cell2: ); readln(CELL[2]);
write('Enter Data of Cell3: '); readln(CELL[3));
write('Enter Data of Cell4: "); readln(CELL[4]);
write('Enter Data of Cell5: '); readln(CELL[5]);
write('Enter Data of Cell6: '); readln(CELL[6]);
write('Enter Data of Cell7: "); readln(CELL[7]);
write('Enter Data of Cell8: "); readln(CELL[8]);
write('Enter Data of Cell9: "); readln(CELL[9]);
write('"Enter Data of Cell10: '); readln(CELL[10]);
write('Enter Data of Cellll: '); readln(CELL[11]);
write('Enter Data of Cell12: '); readln(CELL[12]);
write('Enter Data of Cell13: "); readln(CELL[13]);
write('Enter Data of Cell14: "); readln(CELL[14]):

for i:=0 to 14 do
begin
CELL_INTi] := CELL[i];

end;



TRN_3P(CELL[0],CELL[5],CELL[10],CELL_3P{0],CELL_3P(5],CELL_3P[10]);
TRN_3P(CELL[3],CELL[8].CELL[13],CELL_3P[3],CELL_3P[8],CELL_3P[13]);
TRN_3P(CELL[6],CELL[11],CELL[1],CELL_3P[6],CELL_3P[11],CELL_3P[1]);
TRN_3P(CELL[9],CELL[14],CELL[4],CELL_3P[9],CELL_3P[14],CELL_3P[4]);
TRN_3P(CELL[12] ,(;ELL[Z] ,CELL[7],CELL_3P[12],CELL_3P[2],CELL_3P[7]);

TRN_5P(CELL_3P[0],CELL_3P[3],CELL_3P[6],CELL_3P[9],CELL_3P[12],
CELL_5P[0],CELL_5P([3],CELL_5P[6],CELL_5P[9],CELL_5P[12]);

TRN_5P(CELL_3P[5],CELL_3P[8],CELL_3P[11],CELL_3P[14],CELL_3P[2],
CELL_5P[5],CELL_5P[8],CELL_5P[11],CELL_5P[14],CELL_5P[2]);

TRN_5P(CELL_3P[10],CELL_3P[13],CELL_3P[1],CELL_3P[4].CELL_3P[7],
CELL_5P[10],CELL_5P[13],CELL_5P[1],CELL_5P[4],CELL_5P[7]);

CELL_OUT[0] := CELL_5P[0];
CELL_OUT[1] := CELL_5P[8];
CELL_OUT[2] := CELL_5P[1];
CELL_OUT[3] := CELL_5P[9];
CELL_OUT(4] := CELL_5P[2];
CELL_OUT[5] := CELL_SP[10];
CELL_OUTI[6] := CELL_5P[3];
CELL_OUT[7] := CELL_5P[11];
CELL_OUT[8] := CELL_5P[4];
CELL_OUT[9] := CELL_5P[12];
CELL_OUT[10] := CELL_5P[5];
CELL_OUT[11] := CELL_5P[13];
CELL_OUT[12] := CELL_5P[6];
CELL_OUT[13] := CELL_5P[14];
CELL_OUT[14] := CELL_5P[7];

writeln(CELL_INO = ',CELL_IN[0],  CELL_OUTO =',CELL_OUT[0});
writeln(CELL_IN1 = ".CELL_IN[1],  CELL_OUTI = 'CELL_OUT[1]):
writeln(CELL_IN2 = ',CELL_IN[2],  CELL_OUT2 ='.CELL_OUT[2});
writeln(CELL_IN3 = ".CELL_IN[3], CELL_OUT3 = '.CELL_OUT[3]);
writeln(CELL_IN4 = "CELL_IN[4],  CELL_OUT4 = '.CELL_OUT[4]);
writeln(CELL_IN5 = "CELL_IN[5].  CELL_OUTS5 = ".CELL_OUTI5]):
writeln(CELL_IN6 = '.CELL_IN[6],  CELL_OUT6 = '.CELL_OUTI[6]):



end.

writeln(CELL_IN7 = ",CELL_IN[7],
writeln(CELL_IN8 = ",CELL_IN[8].'
writeln('CELL_IN9 = ",CELL_IN[9],
writeln('CELL_IN10 = ',CELL_IN[10],
writeln(CELL_IN11 = ',CELL_IN[11],
writeln(CELLIN_12 = ",CELL_IN[12],’
writeln('CELLIN_13 = ",CELL_IN[13],
writeln(CELLIN_14 = ',CELL_IN[14],

readln;

CELL_OUT7 = ",CELL_OUT[7]);
CELL_OUTS8 = ',CELL_OUTI[8]);
CELL_OUT9 = ",CELL_OUT[9]);

CELL_OUTI10 = ",CELL_OUT[10]);
CELL_OUTI11 =",CELL_OUT[11]);
CELL_OUTI12 =",CELL_OUT[12]);
CELL_OUTI13 =",CELL_OUT[13]);
CELL_OUT14 = ",CELL_OUT[14]);
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