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INSENSITIVE MICROPROCESSOR USING FPGA. THESIS ADVISOR: ARTHIT
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This thesis proposes a design of 8-bit scalable-delay-insensitive
microprocessor on FPGA, which can be the beginning step for asynchronous circuit
implementation and verification before the fabrication. This research presents a design
method of scalable-delay-insensitive model for asynchronous combinational circuit on
FPGA. The designed circuit is divided into two parts: dual-rail circuit using Reduced-
Ordered-Binary Decision Diagram (ROBDD) implementation and acknowledgement
circuit using analysis function and estimated delay of lookup table in synthesized dual-

rail circuit.

This research also presents a design and implementation of asynchronous
microprocessor using FPGA no. XCV200Epg240-6. We use VHDL for designing the
microprocessor by dividing to each circuit part as a module, and synthesize and
implement individually. After that, we combine all of them and implement to be an
asynchronous microprocessor on the test board. For the test board experiment of the
square root computation, which the inputs applied from dip-switch’s value and the
output result show on 7-segment display, it shows that our designed asynchronous

microprocessor is workable.
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- a
Entity temp is

Port(a,a_Lb,b_I',c,c I: in std logic; F:out std_logic);
End temp;
Architecture rtl of temp is
Signal T1,T2 : std_logic;
Begin
Tl=((aand b 1) or (a_land b)) and c_I; -- (5 i/p)
T2=((a_landb_l) or(aand b)) and ¢; --(5i/p)
F=Tl or T2; (2 i/p)
End rtl; }
nlaguiiy
Architecture rtl of temp is (lmﬂﬁgﬂé’ﬂﬁ)
Signal orl,or2 : std_logic;

Begin
orl =(aand b_l) or (a_l and b); -- (4 i/p)
or2 =(a_land b_I) or (a and b); -- (4 i/p)
F =(orl and ¢ 1) or (or2 and ¢); -- (4 i/p)
End rtl;
\

J
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ANNNITNARBIBBNLLLNATEIN AN UL LAANINTARLLLANa89A N9 Ll lase
pRiriinlfunnsdouldlasldianivaie wudinsasanunsonieuldgnees 1113de
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HaginnmasaseanuuLNasLLLadNIn I Raualununtw uazarunsatinun ldauls
a34 Tnennseenuuulnlasidsmamasuuuednasuaniae G9lnn61nan (Data Path)

a al | o alld o ] dl 1 1
2U1A 8 OM warinuseAILILAZUIZHaaNaRTTNENTUL LS8 29A N U9 T lasie

punidaainUfusnasduls TnadgnAds wazanninanssuinivuatues
4.1 HAAFIUASIWAALRUNIS

VLNIV‘]TI‘L]TPH@Lsﬁ’ﬂifﬁ@@ﬂLLUUﬁuﬁﬁmﬁﬁﬁLQ (Instruction Set) #1491 uutisaanlddy
mumyjuﬁ@ ﬂ@jmﬁ%ﬁl/d Data Transfer Operation, mjmﬁﬂz%q Program and Machine Control
Operation LL@iﬂi\jNﬁ’]ﬁl’\‘i Arithmetic and Logic Operation Imaﬂ@is\lﬁ’lfﬁl’\i Data Transfer
Operation ﬂ?xﬂ@uﬁwﬁ’]g\i LD (Load) was ST (Store), mjuﬁﬁzﬁl/\i Program and Machine
Control Operation Ugznayl 5?&0-3%3‘/\‘1 JZ (Jump Zero), JNZ (Jump not Zero), JC (Jump
Carry), JNC (Jump not Carry), JMP (Jump), CALL L& RET (Return) Lmeﬁmﬁﬁﬁvq
Arithmetic and Logic Operation ﬂizn@ué’wﬁ%ﬁ ADD, SUB, AND, OR, XOR, SL (Shift
Left) waz SR (Shift Right) IR 16-AIES Tmﬂﬁgmmmmﬁﬁq 9ATIATHIN LT
Fyanualfensad 4.1 - m19197 4.4 %qnﬂﬁﬁﬁa@:ﬁmmmw@wﬁméi”n,ﬁumi (Op
code) wihiuAe 16 Tm wazivua|Fiegi 4.1

A5 4.1 gmﬁﬂﬁﬂuﬂ@'&l Data Transfer Operation

LD A, #K A<-K

LD A, Reg A <-Reg

LD A, @K A <- Mem[K]
LD A, @Reg A <- Mem[Red]
ST A, Reg Reg <-A

ST A @K Mem[K] <- A
ST A, @Reg Mem[Reg] <- A




719799 4.2 TaA183luNgx Program and Machine Control Operation

JZ Address PC <- Address if Z = 1
JNZ Address PC <- Address SifZ=0
JC Address PC <- Address if C = 1
JNC Address PC <- Address if C =0
JMP Address PC <- Address
CALL  Address SP <- PC; PC <- Address
RET PC <- SP

A19197 4.3 gmﬁ’iﬁlﬂuﬂ@m Arithmetic and Logic Operation
AND A #K A <-AAND K
AND A, Reg A <- AAND Reg
AND A @K A <- A AND Mem[K]
AND A, @Reg A <- A AND Mem[Regd]
OR A, #K A<-AORK
OR A, Reg A <- A OR Reg
OR A, @K A <- A OR Mem[K]
OR A, @Reg A <- A OR Mem[Reg]
XOR A #K A <- AXOR K
XOR A, Reg A <- AXOR Reg
XOR A /@K A <- AXOR Mem[K]
XOR A, @Reg A <- A XOR Mem[Reg]
SUB A, #K A<-A-K
SUB A, Reg A <- A -Reg
SUB A, @K A <- A - Mem[K]
SUB A, @Reg A <- A -Mem[Reg]
ADD A #K A<- A+ K
ADD A, Reg A <-A+Reg
ADD A @K A <- A + Mem[K]
ADD A, @Reg A <- A + Mem[Req]
SL A A <- A[MSB-1..0] &0’
SR A A<-‘0 & A[MSB..1]
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Aoyanwad | Aauvang
K ANAAT)
Reg Faawmasialy (Ro, R1)
Address ALMaE989 g A uag LU sungu
# A7ENR9AN AT
@ nisdsaeA lumaaANad i Ldeya
15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
000 Md op LD
1| Mmd Op ST
00100 0 0000000000 Sl
1 0000000000 SR
011 md op AND
100 md op OR
0 101 md op XOR
110 md op SUB
111 md op ADD
00 K iz
1000 01 K INZ
10 K JC
11 K JNC
00 0000000000 IMP
1001 01 0000000000 CALL
10 0000000000 RET
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
md Op
00 | oo | D Immediate Mode
01 00000000 | RL| RO Register Mode
10 K Direct Addressing
11 00000000 | RL| RO Indirect Addressing
D = Binary 8 bits
K =Binary 10 Bits

g1l 4.1 3R WHENN 15109 AAN AN
4.2 gontlnanssnraslalasilsidaias 8 DanLuaaNg

@mﬁmaﬂﬁmmiuim‘immLsﬁ@'fﬁwmm@@ﬂLmuuumvxlﬁfummmﬁqgﬂﬁ 4.2
Tneiagnesidlunsuszananadseneudatiaame ffazan (Accumulator) 1w, 8 dn
Bundiaames A uaviagmeiinll (General Register) 2110 8 TRANUIUARIF1FaNGN
Fagwmes RO uay R1 dwiuiaamefianizisednialululnstisgsgefileznay dassiaiy

391AUMUSAAY (Program Counter) Bandn 3aawnas PC, 3aalnasildiiuan PC iainig
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N1ANEY CALL (38N11 Tagimas SP waz3aainasn ldiiusiaaiiun1uesa1danansdiun

iFandn 3aawmaf IR Tneldynnuianianiue (Status Flag) aavdtynyitune doyniuna

AN (Carry Flag) wazdtyaynnudndus (Zero Flag)

SP Register

PC Register
A A
20 20
1 Rom Strobe Out
*—/; Rom Strobe In
-+
1-to-2 converter ROM Data
-+
Control ® | Control <2
o .
Signal Unit “rai Y
ignals . <6 (1-rail Op|Code) ,—IR
-+
-+
16 20
16 > 2-o-1
= 10 Bits ) RAM Address
| converter
%
Ram Strobe Out
YYV VY
Register File
Register A
RO R1
A
16
[
P 2-to-1 converter # RAM DataOut
1
Ram Strobe In
16 16 RAM Dataln
16
Y
Data Register
v Y. VY
L] ALU
Gif’[er > CF | zF
16 16
A A
( a ( Latch

Latch )
16

16

16

7171 4.2 antlmenssuzesinlaslnaamesuuueandnszuin 8 i
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Tudousasasinindirnlszunanaazvilsenaudaunsasiaaudaya (Shiiter) Teaz
NINTAUANTRGTAAAET A TUnetavizaeen 1 O AuntiaAunuazlssilananssny
da . o dn LA e My d o
Auuuataesarnniaei i lodeaanundassindiuninsdanls d9n1eruuuy
Accumulator Based A8 fiTN19ATUAMUIEUINNTAALADS A TUAITBIFIGNAILTHNNS
(Operand) wdafiuAuadnsn lfadsaawmas A TnaaiunsndnedeAaassognatiuniglHa
WULAR WULATAIN (Immediate Mode), LULTA4dLA8S (Register Mode), LLUE1484
ndaaANalaamge (Direct Memory Addressing Mode) Wazhuua198anidagauanlng

fausaeTaamas (Indirect Memory Addressing with Register Indexing Mode)

Wesannisatui szt szananadun13919 1 uluy Accumulator Based aay

aa &

Bagmas A vnerluzaainas A An19lasunlas ez liinanig

R

RUNARNSN LA 11

ge @

o

dsznnanalusignaiaiui waznliiiianisasuawdn llFes) avseiizasinesdaEend,

ap

o % d‘ [~ o/ 'S 9/a|/ 1 aa I's a’lj
Latch inntiifunadnsaasnisilszuoanalidonsnareu Inesaawmas Latch dazgn
P11 N sAu s A BN RE N IA MW ANAN 13FaAg79 e ldlun1sUssinana

pia T Faedun

lulasldsgairasieanuuuidanuisng1vaeniosananduiullsunss
(Programmed Memory) 34 lfiiusianiunisews 16 On 16 1 Alamuuds (1K * 16 bits)
wazmeANANdguiudaya (Data Memory) Nidwwn 8 16 16 1 Alasumids (1K * 8 bits)

Lﬁﬂqf‘ﬂqﬂﬂ’]?@ﬂﬂLLUUQ\?Q?LLUU@@NQ’W %‘l‘ﬁmﬂzﬁ’ﬂgﬂymmm L&/ULW]uﬁﬁyﬁqu%ﬂH@muqﬂ 1
=i P

s nrededembaauaiedluilaqiiv aesiasiasasiulasanadynan 2 @l 1
Wuinadeaanlidmiaeanuan tazasasiudasaedyiuisuunainmigAINeIann

1 v&ulsdlu 2 18

4.3 NMSRANBULIARLADSULULDANING

uddeildlasegsrgaadagmesnldlululasldsmaemas TITACT 6] lunas

|
1 =

AANLULTARLADSUUUAANINT LAt ANNAIUIAINTFIAT a1 (Data Reset) tivalif

a

o 1 aAa 19 4 ' a A o o QI v | :ﬂl
mmmmﬂmqmﬂu?@@memw@gmmmumumimummmﬁmmmmﬂu (0,1) Lu®D

v o

o = ISP o -2

Anyny1ns3Le (Reset Signal) HAnszaudrynyrnuiu 0 Asg1n 4.3 Taelunnseudndaya

a

' |
a ' o o ¥ o

anzaalees aquaduaNazilasuAsziudynynfesaaann 0 wlu 1 ivadludtyoyin

v o

-

8B (Enable Signal) 1¥3aainafasansiansassguesdeyaaantldnsasiandyni

q

Feann3 wasinsiasuAseAudtyn iasaaan 1 1 0 e ldanednyyineaes
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Merge and Latch and
Check 1 Check 2

Reset >
Reset —— | Ack A ——— —— ReqC
Ack A €— —— ReqC X Y C
Al ) o} C A D—"
14 ‘z) 14 B —‘/
AkB4— @ ) p iy | E—
» Reqg D
) [«—"ReaD  AckBe—o | Ackx| [ "
(n) Symbolic (V) Schematic Diagram
Reset
Ack A ﬁ ———Req C
! |
I ! ! —>» Co
AD—Als X0 | i D—>» C0
BO — 1= : i [—>»C1
! '
Aol xo | ! [D—>c1
50 ——
! I
Ack B : E : 113 > D0
Al s~ X1 i —3)—» D0
B1 — : ! [ )—> D1
AT X1 ! | [ —> D1
B L____________: , Req D
1
Merge and Check 1 1
Y LR Lateh and Check 2

Ack X
(M) Gate-Level Implementation
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4.4 NM5AANLULAIULTEHIANA
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n1saudayaainuiosmsinan tulasldsigaigasacinissalszaruiu
M8AIINA (Memory Interface) meﬁqgﬂﬁ 4.5(n) Tnedaupaupuazdednyyiniiedae
lud3aames e lFdaA1A1wrilaen9Bann 99995 2-to-1 converter T4aENIN1TULAIAN

Autegedsanatsdnyyinig (XX) Wiluanadynyiudubas udadaanllds

oo

woaANAn Iaadtyyand Strobe d9lduandiiinisutlasiafaduudoazgndeeanlids

=

1NATEFI9ANNUT NalFRATAI T NNUINNINATIATA N U TUANTE19B 9T Y

N2 AINNAN (Memory Access Time) wazdamalilfaagas 1-to-2 converter Wi aLlu

a 1

dyoyrnFaspaliionisudssandayandruunainudagnauan daduluvaadynyiu

au
'
o

9 o @ v A aa - Yo 1w A
L@uLﬂﬂ'ﬂﬁﬂ@’]ﬂLﬂuﬁlﬂﬁﬂ@LLUU@qﬁl@mmf]m 2 Lﬁu LN@?@@L[ﬂ@ﬁ‘ﬂ@’]ﬂ'ﬂrmiﬂ?uﬂ’]ﬂ]ﬂﬂ@m@’]u

v a

v
% o o o

WBeufeaudn fazdedyninmeuiunauhlisacuaiunu uazidagnisinauluduing
o o o A o P = o o ) =
aunszidnynramauiunaslidedauaauaninisasussdudnyoyaman 1 1y 0 A

i@FAAUNTELIUNIEUdayAAIN UL ATHE

Address Req Address Req
] /4 e
I Strobe (; Strobe
At sl s | o
& | 2ail \| = 2 8 | 2-rail | £
k] 8 () = 5 o
pe; VI 2 [ rail o el 7l © b
S 3 - 73 \ ©
< v Q °)
o < & Tral ! S
] e W g — s g
il | @ 5 /? Z 3
°© = Al = ) = = = ;
© il | @ A o :
gzl 2 3 S| 2vail | 2 1-rai £
sf—8| W |3 23 ) g
a a 8 " — A
£ |- o] >,
— & S\'\:
L] —/ L | a
Read Ack Data Req
Write Ack
(n) RAM Read Operation (v) RAM Write-Operation

g1l 4.5 ngsietlsearniiumiagatINan

a 1 i 1 o o = | o
NITLVURATID YA RIINUILATTINRT VLNTV’]?ITJ‘J‘UH’&L“ﬂ@ﬁ“ﬂ:ﬁﬂﬂ’]?[ﬂﬂﬂ?t@’]uﬂﬂ

o I a

mifmmf]mmmmﬁqgﬂﬁ 4.5(1) Tagl 9999 2-to-1 converter AzNINITLLAIAIFANLUNLNE198

o

uwazdayansiasnisazdiewliiusedypynndusan wazlddnynnu Strobe udnoiu

v o

=K a

\Wanelfi@eu (Write Enable: WE) delilflanidaeiannuan amniuasindyoynnd Strobe Tl
ANATNUUNNINNGIATAINUUN L UNN9819Bs TR aANA LAY dnadailudnyoyu
navfudenaulifisdauntunn inauandl@audayaasuiaaaiuanuds uazidngnng

'
o o a

Meulududng aunsziadaurauanlFiudynrumeuiuninisdaaussaudnyniuann



38

118w 0 Auduniniafadunszusunisdaudeyaasmioaaciudn Inelulasldsgaines
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nandiaA149 dennlEdneasanisaanuuudiunandiaA1d (Instruction  Decoder) Tagl
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angLanIAIALINTnanIiaAduazaiedryyuacuANl AR 4.8 wazaiieeas
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CALL
A 4 ¢ A 4
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Calculate with Mem.
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CALL
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Not Jump Condition

g1l 4.9 nzaFivavasaauansaL ASM
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47 n15RATIZY wazdaselulaslUsiadaswuuagNlIsUULaNNALD

4 o o = Py = = ¥ o o - o
WadnisuflansasieanuuufanistieTnues asfeinn1sdamIed uazaing
Wiussasuwaniaeluinnads Ganaazinlidaussanimnnldlsudla Maniswaauazians

aneldidananls AFaINIwUIN NN I aIN1T0AUATZY wazasaLsazagastiasli

2
a o AR

Tulpslismamasls TneldvinlEinanisasuudadlunsasdouay 91uddeiiagls drzasie
f3andn Modular Design Tool [15] @aiflulATaslialaduaau3dsm Xilinx 1n1lda1unsn
AUATIZY LAZAF1ILAATIATE AL LENTUAAY LARAININIAD L1099 399NBNATIFILA A
Tugin 4.10
Xilinx Modular Design Flow

gy

Leval

g

0[S | [ovest | | ]

— SN

Lt Dot 1

17 4.10 Modular Design Flow

o ]

FINUNAIAINNNINI TN UL LIGAT RAAZAILANIHI AT A LDA WAL AITLARY
dqunndanszdfaatensuag Leonardo Spectrum lagnivuasiaiaan lfldvianis Insert
/O Ports Aagil7 4.11 el danfuafninisdainsnziusazasastdagaanuiulugs
(Module) tiafnazinliidendedulun1auda 4115Un1589AT1LHINRTATUIULAY
Usrananatiuarsaan 1A aan A TNANa1aluL? 3 A wazBInIsdauATIZYia9as

T A o - P 1 2 - PR o
A29ATIAE AILATITINAINHANITAIUINAITING WazdanTNZindasnidIuisasnaL iy

FIBE AVEIULAD

wasanunasiiusAasluganminsaiaunsasseganfuas Xiinx Foundation
IneNdunaunangndunauAn Initial Budgeting, Active Module Implementation waz Final

Assembly TnaifisnaazlaaAnNINIUAIN

1. Initial Budgeting {11n1snuuaunm, 8unm, w1Ans kazaiunialunig

o

iwaausazlug Al

o

a.  a5uWa NGD aaslugauugn Inedsliddayaaasiugation daaands



2.

42

ngdbuild —modular initial <Top-level Module Name>.edf
b.  AwMuAAT Constraints TLTIUN1IIMUABUNALATIONANATEII9R9IN
tufinanisinuusgunauaziensnpaadlulasllsaames Inaldands
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floorplanner <Top-level Module Name>.ngd

Active Module Implementation 1flunnsa¥1esasaesusiazingades ned

A

Tunaune

a. dunlndana EDF sasusiazluga hldelasnnes (Directory) Muandiu
b. Anulndana .UCF aeslugaunganaieliluduneu Initial Budgeting

Télanne lasnnes udavindumeu c - f ilesfwusiazingation



43

c. awlridana NGD vaslupatianlngldinds
ngdbuild —modular module —active <Module Name> <Top-level Path
Name>\<Top-level Module Name>.ngd
d. ﬁﬁn’mwm‘lﬁu@@a’@ﬂimﬂ%éﬂéﬁ
map <Top-level Module Name>.ngd
e. TmaaFananelulugasesianldfds

par —w <Top-level Module Name>.ncd <Other Name>.ncd

—h

pimcreate —ncd <Other Name>.ncd <Pim Path Name>
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il
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Name>.ngo
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3. bitgen <Circuit'Name>.ncd - —w —f bitgen.ut

wasaNTiRansi@enans ”tytyﬁmﬁmmmm LAZRaNUULAILIAsRRLTLLTNFY
il ludounsassegaesngaiuan uazilsziaananssneFaan1HIeTALaa LAY ANt
PN EEELFUSIE N PP LLé’qﬁﬁﬂﬁumm%‘NLﬂuiu@@%nm% Fenfsiazinannzduneu Active
Module Implementation LA Final Assembly lagiFuanavndlulasnnesifivaaies

W& .UCF uaz <Top-level Module Name>.NCD udaiasuaaelndana NGD nileg i



44

1 1%
o

delual annifudrunlndana EDF 2a9asasmuitldiulndianiitey wdaamindunau
Active Module Implementation Tmﬂ%ﬁﬁﬁl’\iﬁi’]ﬂ il
1. ngdbuild —modular module —active <Module Name> <Top-level Path
Name>\<Top-level Module Name>.ngd
2. map <Top-level Module Name>.ngd
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Xilinx [16]
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Debouce Delay
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CPU "CPU.TBL"
HOF "BIN8"
WDLN 2
ORG 0000H
LD AHTTH yA=T77H
ST A,RO ;RO=77H
LD A#24H ;A =24H
ST AR1 :R1=24H
ST A@RO s M(77H) = 24H
LD A,RO TA=T77H
ST A@13H s M(13H) = 77H
LD A@77H ;A =24H
ST A @R1 : M(24H) = 24H
LD A#13H ;A=13H
ST AR1 ;R1=13H
LD A @R1 cA=T7T7H
HALT:
JMP HALT
END
B /asvn_cpufopcode 1E T0E | ] 06 TiE
M /asyn_cpuddat_rom 500C | OCO2  Yio13 110402 coz PN
@=l /asvn_cpuladdr_rom ooc 008 o009 H00A 006 fnoC
— 4 [ata Write [S_tore] LD &, #13H LD A,@R1
B /asvn_cpudi_a_req 0 &
B Aasyn_cpudil_a_req 0 \ 1[ J'/ \\
B /=syn_cpuddata_a_req 1 ‘ || || “—P'l
B /asvn_cpudw_a_ack 1 I |[ ’_h
@B=l /asvn_cpudi_to_a 0o 00 13 W00
Bl /zsvn cpudi_to_a_ oo 00 I]'.(EE: ) (1]
B=l /zsvn_cpudil to_a aa ii] l'n |'J
@l /aavn_cpudl to a_| oo ] 1 / |
@Bl /asvn_cpuldata_to_a 7 0o \ ,"J e ]
@Bl /asvn_cpuldata_to_a | a8 00 ' T88 §00
R0 Data wWrite [Load]
B /=asyn_cpuda 0 req 0
B /asvn_cpuda 0 ack 0
@Bl /asvn_cpuda_to il 0o ] {1
B=l /asvn_cpuda_to_d_| oo [ila] III III
w1 Data write [Load] ST A,@R1 ST A, R1
B /zsvn_cpuda_r_req 0 ] F .
B /aspn_cpula_rl_ack 0 l_v
@l /asvn_cputa_to 0o i[i] | IR (1]
@Bl /asvn_cpuda_to rl_| oo 00 I|. IEC I.IDD
m— RAM |nterface },
@=l /=syn_cpuldater_ram 0o [ I S (1] Y/
B=l /zsvn_cpuddated_ram 7 | | [Z4} 7
@B=l /asvn_cpuladdram 0o 000 | Jo24 1000 ) ] foan
B ram_we 0

717 5.2 1an1791889n19991UNGNAIAT Data Transfer Operation
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2. N19791884N113M191UUBINFUATE Arithmetic and Logic Operation tf14n13
MIIRAALAIINYNABIIUNN911AE9 AND, OR, XOR, ADD, SUB, SL ka2 SR
yngtuuunisldens Tealdllsunsunaseudaniaed 5.2 uazlduanisanans

q

NaNUMARIASZLN 5.3

A9 NA 5.2 li/sunsummanuinguAIAa Arithmetic and Logic Operation

CPU "CPU.TBL"

HOF  "BIN8"; "INT8"

WDLN 2

ORG  0000H

ADD A#39H ; A =39H

ST A,RO ; RO = 39H

AND A#13H P A =11H

ADD A,RO ;A =4AH

ST A@RO ; M(39H) = 4AH

LD A#0C8H ; A=0C8H

ADD A,@RO ; A=12H, CARRY =1
ST AR1 ; R1=12H

OR A,RO ; A=3BH

ST AQR1 ; M(12H) = 3BH

OR A#OBTH ; A=0BFH

ADD A@12H ; A= 0FAH, CARRY =0
ST A@7TH i M(77H) = FAH

AND A,@RO A =4AH

OR A@R1 ;A=T7BH

ST AR1 i R1=7BH

AND A,RO ;A =39H

OR A@77H ;A =0FBH

SUB AR1 ;A =80H, CARRY =0
AND A@39H ;A = 00H, ZERO = 1
XOR ARO ; A=39H, ZERO =0
SUB AHTTH ;A =0C2H, CARRY =1
ST A,RO ; RO =0C2H

ST AQR1 ; M(7BH) = C2H

XOR A@39H ; A =88H

SR A ;A =44H

ST A,@RO ; M(C2H) = 44H

XOR AH#OEDH A =A%

SUB A@39H A = 5FH, CARRY =0
XOR AQR1 ; A =9DH

SUB A,@RO ;A =59H, CARRY =0
SL A ; A=B2H

LD A#00H A =00H

SUB A#OTH ;A=FFH, CARRY =1
XOR A,RO A =3D;

ADD A#0C3H ; A=00H, CARRY =1
OR A@39H s A=4AH

HALT:

JMP HALT

END




B fasen_cpudreset |

B cany

B camy |

B /=asvn_cpudzeno

B fasen_cpudzero |
EB=l /=zvn_cpusopcode
EB=l /azvn_cpusdat_rom
B=l /azvn_cpusaddr_rom

B A=svn_cpuspe_rom_req

B Fasen_cpudin_ct_ack

B /asvn_cpudpc_ing_req

B faspn_cpudpc_ine_ack

B /aspn_cpudsend to po

B /aspn_cpudwn_ing_ack
— Lt Write [Stare]

51

B fasen_cpudout_to_a
B fasen_cpudwr_a ack
B=l /azvn_cpusalu_to_a
B=l /azvn_cpusalu_to_a |
— 4L EXECUTE

X0

|
|

[ 173 J (EE] 1
407 JFOC3 m4839 b ENES
022 1023 1024 1025
7 1 1 —
I 1 1

] M 1
I M M r
_|—| M |—|

I

ADD A, #cm-l onn @ssH

A “"/ |—|\ / |—|\ / |—|\
\ el

o0y | IaDyin
00 {C2 1D

f2a Iqu
YEE 00

B=l /asvn_cpudaluout
B=l /azvn_cpusaluout_|

B /a=pn_cpudadd

B /aspn_cpudsub

B A=asvn_cpudon

B Fasen_cpudson
B=l /azvn_cpusa to alu
EB=l /azvn_cpuda_to_alu |
EB=l /=zvn_cpusdata_to_alu
=l /asvn_cpuddata_to_alu_l
B=l /asvn_cpudic_to_alu
EB=l /azvn_cpudi_to_al |
B=l /azvn_cpusl_to_alu
B=l /azvn_cpusl_to_alu |
=l /asvn_cpudr_to_alu
Bl azvncpusrl_tooalu |

7171 5.3 uAN19918BNN TV NIUNGNATAT
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Arithmetic and Logic Operation

3. N1931889N13N19ULBINGNATEY Program and Machine Control Operation

\unismssaseuANgnAealunIImIAIge JMP, CALL, RET, JC, JNC, JZ uaz

INC drnfunguandennszlanuuuiiiawla (Jump with Condition) Buas

nagaunslunsdifiifianinsslanmmzdynnanuznsaauRaule ol

nszlan gsaumiangzy wesannliassmuiaula leadllsunsunagat s
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CPU "CPU.TBL"

HOF "BIN8"

WDLN 2

ORG  0000H

LD AHTTH cA=T77H

ADD A #0A3H A =1AH, CARRY =1
JC J1 ;

J2:

SUB A #5BH ;A =A5H, CARRY =1
JNC HALT ;

ST A,RO ; RO = A5H

SR A T A= B2

ADD A,RO ;A=F7H,CARRY =0
JNC J4 ;

J1:

SR A ; A =0DH,

SUB A #0DH :A=0,CARRY =0
Jz J2 ,

J4:

ST AR1 iR1=F7H

XOR A#29H A =DEH

SUB A,RO 1A =239H, CARRY =1
JMP J5 ;

HALT:

JMP HALT

J6:

SL A ;A =62H

ST A@QR1 : M(F7H) = 62H

OR A#0C3H iA=E3H

ST A,@QRO - M(77H) = E3H

RET ;

J5:

AND AR1 ;A =31H

CALL J6

SUB A @R1 :A=81H, CARRY =0
JC HALT :

ST A@34H :M(34) =81H

SL A ;A =02H

JNZ HALT

END




W fasvn_cpudreset_ 1
%—. Jasyn_cpu/opcode 38 T3z 136 | €5 120 ToE | £E] 100 JEE] Iel
B= /asyr_cpu/dat_rom 9800 | 9016 W3407  §f5411 N [P000 fic0Zz  J40ca WOCOT ) EEIIN] WECTE
@l /asyn_cpu/addr_rom )] 00F _JOTE 117 b (IR (i o1z Jo13 (] 0TS | (]
B /asvn_cpupc_rom_req |0 LT 1 1 ] [ 1 1 1 [T
B Jamn_cpu/in_ctl_ack 1 _ M I 1 1 1 N 1 Mir
W /asyn_cpulpc_ing_req ] 1 [ I Il [ 1 I 1 M
B ‘amn_cpuipc inc_ack |0 11 M I I 1 1 I 1 [
B /asn_cpuszend_to_pc |0 1 1 1 I 1 1 |
W /asvn_cpudwr_inc_ack 0 1 1 1 1 I !
—JUIMP - CALL -_F!ET JMP J5 (Address f&r\ CALL JE {Address = 11H) RET f/"\
W /asvn_cpufi_pc_req 0 y 1 ¥ ] L
W fasvn_cpudsp_pc_req 1 || I |"I l"| ’ ‘ |J [ ]‘I
W /asyn_cpudwr_pc_ack 1 | ’_%'! |'I |_||'| ’ ‘. II
@=l /asvn_cpu/i_to_pc ooa oony_Jo ] ek L Wi
8=l /asen cpudi_to po_| oo @I IEr!lJD ] I lDﬁB’ L ¥
@Bl /asyn_cpulsp_to_pc ma [ o0 _
=l /asvn_cpu/sp_to_pe_| JE7 o0d 1] IDrU
— CALL [SF = L] ) \f
W /asyn_cpu/pc_sp_req 0 =1
M asvn_cpulpc_sp_ack 0 ]l. I .l[
@=l /asvn_cpu/pc_to_sp ooa 0oa \.I IDDE‘"J
B=l /asvn_cpu/pc_to_sp_| aon aon ¥ 00U

717 5.4 uaN1791889N19Y1NUNGNAIAS Program and Machine Control Operation

4. M9R188INN9INNUIENNAAY unisdaullsunsunidisnnasssonds

Non-Restoring Algorithm [17] #3gui 5.5 39azldnnA149 uazuanssneaziaen
ga9Tdsunsn I3 lun1ANUAN 4 A1NN1INARBIUIAITINTNAAITBIA 0xBO Tle
NARWSLTUAT 13.62 wasiA LTl FO, 30, 82, A4 tHadalUuansnasia 7-

Segment HNANNTANABINITNNILUAAIAIZUT 5.6

Q=0
Qt=-1
R=Q[7..2]&D[7..6] + Q t

No @ Yes

Q=Q[7..1]&"'0' Q=Q[7..1]1&"1"
Qt=Q Qt=notQ
17 14 |

Qt=Qt7.2] &"11"
R =R[7:2] &D[7..6]
R=R+Qt

Q = Result
R = Fractioin

7171 5.5 wann1sMANTINTIAENAIEAS Non-Restoring Algorithm
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B B camy n
B cam | 1
B /asyn_cpulzero 0 7-Segment Yalue = 13.62
B /asen_cpudzeno_|
B=l /asyn cpuduze_decode Fseg) F3 IF3
B=l /asvn_cpufuze_decode Feed| 30 130

B=l /asvn_cpufuze _decode Teeq| 82
B=l /asvn cpuduze_decods Fzeg] A4

@8-l /=svr_cpufopcode 103 A 102 na It

B=l /zzyn_cpuddat_rom ga0F | WOEFD I1e0f XOEFC IHEFD MEAOF

@B=l /azyn_cpufaddr_ram OEE |LEA I0ER [0EC [0ED I0EE

— EAk |nterface

B=l /asyr_cputdatur_ram 0a 120 _Too IFa Joo

B=l /=syn_cpuddatrd_ram e BO {00 T (= (] [ Hoo] 0o

@l /asvr_cpu/addi_ram 020
B ram_we 0 [ [

w4 D ata wirite [Store]

B Aasvn_cpudi_a req 1]
B /asvn_cpufdata_a req 1 [ M
B /asvn_cpudout_to_a 1] [
B Aasvn_cpudwr_a_ack 1 P [ [
B=l /asvn_cpudi_to_a 1]
B=l /asynocpudi_to_a | a0
B-l /asvr_cpufdata_to a B9 1100 ]
B=l /asvr_cpuidata_to & | 4B i H] oo
B=l /asvn_cpudzhf_to a a0
B=l /asvn_cpudshf_to g | a0
B=l /asvn_cpudall_to a og I 00
B=l /azvn_cpudalu to_a | nn 100
B=l /azvr_cpualuout nn =000
B=l /azyn_cpudaluout_| 0o TCE_ 00

7171 5.6 uaN9918BINITUIAITINTIADNTES OXBI
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nan1saanuUllulasllsiad i masuuieduonsauin 8 U ldlaAamnauniqsaiia

Uunnmadaulduuenfaiaiwas XCV200Epg240-6 wudnldileintalueWnaie lUied
689 SLICEs %391l3:104 106,685 A 4195UN19)38uiieulssdNsnInni19suanmisg
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AnUY (State Diagram) N1aMNeUAegL7 5.8 onasfmngaem 5.4

reset = '0'

delay <= Access Time ROM

Not delay > Access Time ROM

Jump
Condition

Direct or Indirect Mode

WriteBack

Immediate or
Register Mode

delay > Access Time RAM and

Arithmetic or Logic Instruction delay <= Access Time RAM

delay > Access Time RAM and LD Instruction

7171 5.8 ununmanuEn9 9 1edinlaslsaamefuyuanas i Fauiey
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Memory Frequency 100 MHz 50 MHz 16 MHz
Type Async. Sync. Async. Sync. Async. Sync.
Code Mode W T Cyc. T W T Cyc. | T W T |[Cyc.| T
LD imm. 37 | 57 3| 60| 37| 67 4| 80| 37| 99 6 | 120
reg. 37 | 57 3| 60| 37| 67 4| 80| 37| 99 6 | 120
direct 63 | 93 4| 80| 63| 113 6 | 120 | 63 | 197 10 | 200
indirect | 63 | 93 4] 80| 63| 113 6 | 120 | 63 | 197 10 | 200
ST reg. 37 | 57 3| 60| 37| 67 4| 80| 37| 109 6 | 120
direct 41| 71 3 60| 41| 91 5100 | 41| 175 9 | 180
indirect | 41 | 71 3 60| 41| 91 51100 | 41| 175 9 | 180
SL 48 | 68 4| 80| 48| 78 5200 | 48 | 110 7 | 140
SR 47 | 67 47180 47| 77 5100 | 47 | 109 7 | 140
AND imm. 60 | 80 4| 80 607 90 51100 | 60 | 122 7 | 140
reg. 61| 81 4| 80| 61| 91 5| 100 | 61 | 123 7 | 140
direct 96 | 126 5 (100 | 96 | 146 7 | 140 | 96 | 230 11 | 220
indirect | 97 | 127 5[ 100 | 96 | 146 7 140 | 96 | 230 11 | 220
OR imm. 66 | 86 4| 80| 66| 96 5] 100 | 66 | 128 140
reg. 65| 85 4 80| 65| 95 51100 | 65 | 127 7 | 140
direct 93 | 123 5 (100 | 93 | 143 7| 140 | 93 | 227 11 | 220
indirect | 93 | 123 5(100 | 93 | 143 7 | 140 | 93 | 227 11 | 220
XOR imm. 67 | 87 4| 80| 67| 97 51100 | 67 | 129 7 | 140
reg. 64 | 84 4 | 80 |.464 |+ 94 5 100 | 64 | 126 7 | 140
direct 93 | 123 5| 100 | 93 | 143 7| 140 | 93 | 227 11 | 220
indirect | 94 | 124 5 (100 | 94| 144 7 | 140 | 94 | 228 11 | 220
SuUB imm. 76 | 96 4| 80| 76 | 106 51100 | 76 | 138 7 | 140
reg. 85 | 105 4| 80| 85 115 5| 100 | 85| 147 7 | 140
direct 114 | 144 5 (100 | 114 | 164 7 | 140 | 114 | 248 11 | 220
indirect | 113 | 143 5| 100 | 113 | 163 7 | 140 | 113 | 247 11 | 220
ADD imm. 73| 93 s it 5_[-100-=rS=laliSb 7 | 140
reg. 93 | 113 4| 80| 93| 123 5| 100 | 93 | 155 7 | 140
direct 108 | 138 5| 100 | 108 | 158 7 | 140 | 108 | 242 11 | 220
indirect | 109 | 139 5[ 100 | 109 | 159 7 | 140 | 109 | 243 11 | 220
JZ,INZ
JC,INC 39 | 59 3| 40| 39| 69 4| 60 39111 6 | 100
JZ,IJNZ | Not
JC,IJNC | Jump 34 | 54 2| 60| 34| 64 3| 80| 34| 106 5 | 120
JMP 39| 59 3| 60| 39| 69 4| 80| 39| 101 6 [ 120
CALL 70| 90 3| 60| 70| 100 4| 80| 70| 132 6 | 120
RET 39 | 59 3| 60| 39| 69 4 80| 39| 101 6 [ 120
Avualsi

W = wan i lunislszinanatiafansainaniznisniaunig luluiasldsmame §

T = a I lun3Uszu0anayanns (39819817 14 un1s8198aiumiag ANan)

Cyc = auaudyoynnsnfinnld
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a.vhd

Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity a is
port( reset_| - in std_logic;

a_alu_req s instd_logic; ---------=---mmm oo
a_ram_req :in std_logic; -- --
a_r0_req - in std_logic; -- Read A Request --
arl req - in std_logic; -- --
a_shf_req s in std_logic; ---------=-m-mnmmm e
alu_to_a :in std_logic_vector(7 downto 0);
alu_to_a_| :in std_logic_vector(7 downto 0);
r0_to a :in std_logic_vector(7 downto 0);
r0_to a_l :in std_logic_vector(7 downto 0);
rl_to_a : in std_logic_vector(7 downto 0);
ri_to_a_l :in std_logic_vector(7 downto 0);
data_to_a :in'std_logic_vector(7 downto 0);
data_to_a_| :in std_logic_vector(7 downto 0);
ir to_a in'std_logic_vector(7 downto 0);
ir_to_a_| :in std_logic_vector(7 downto 0);
shf_to_a .in std_logic_vector(7 downto 0);
shf_to a | :in std_logic_vector(7 downto 0);
a_to_alu :out std_logic_vector(7 downto 0);
a_to_alu_l :out std_logic_vector(7 downto 0);
a_to r0 :out std_logic_vector(7 downto 0);
a_to r0_| : out std_logic_vector(7 downto 0);
atorl > out std_logic_vector(7 downto 0);
a_torl | > out std_logic_vector(7 downto 0);
a_to_ram :out std_logic_vector(7 downto 0);
a_to_ram_|I :out std_logic_vector(7 downto 0);
a_to_shf > out std_logic_vector(7 downto 0);
a_to_shf | :out std_logic_vector(7 downto 0);
wr_a_ack :out std_logic;

zero :out std_logic;

zero_| out std_logic);

end a;

Architecture rtl of a is

signal x,x_l,lat,lat_I,buff : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;
signal chk_zero,chk_zero_l,tzero,tzero | : std_logic;

begin
X <=alu_to aorr0.to aorrl to aordata to aorir_to aorshf to a;
x| <= alu_to a lorr0 toa lorrl to a lordata to a lorir to a |lorshf to a_l;

gen_latch:
for i in 0 to 7 generate
lat(i) <= (X(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (x_I(i) nor lat(i)) and reset_lI;
end generate;
gen_buffer:
foriin 0 to 7 generate
buff(i) <= (x(i) and lat_I(i)) or (x_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and
buff(4) and buff(5) and buff(6) and buff(7);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or
buff(4) or buff(5) or buff(6) or buff(7);



ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

gen_output:

foriin 0 to 7 generate
a_to_alu(i) <= lat_I(i) and a_alu_req;
a_to_alu_I(i) <= (lat(i) and a_alu_req);
a_to_ro0(i) <=lat_I(i) and a_r0_req;
a_to_r0_I(i) <= lat(i) and a_r0_req;
a_to_rl(i) <=lat_I(i) and a_r1_req;
a_to_rl I(i) <=lat(i) and a_r1_req;
a_to_ram(i) <=lat_I(i) and a_ram_req;
a_to_ram_I(i) <= lat(i) and a_ram_req;
a_to_shf(i) <= lat_I(i) and a_shf_req;
a_to_shf_I(i) <= (lat(i) and a_shf_req);

end generate;
wr_a_ack<= ack;

chk_zero <= lat_I(0) or lat_I(1) or lat_I(2) or lat_I(3) or lat_I(4) or lat_I(5) or
chk_zero_| <= lat(0) and lat(1) and lat(2) and lat(3) and lat(4) and lat(5) and

end rtl;

Flag
tzero <= ((chk_zero and ack) nor tzero_l) or (not reset_l);
tzero_| <= ((chk_zero_l and ack) nor tzero) and reset_l;

Zero <= tzero;
zero_|  <=tzero_l;

lat_I(6) or lat_I(7);
lat(6) and lat(7);
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alu_full.vhd

library ieee;

use ieee.std_logic_1164.all;

Entity alu is

port( a_to_alu :in std_logic_vector(7 downto 0);

a_to_alu_l :in std_logic_vector(7 downto 0);
data_to_alu s in std_logic_vector(7 downto 0);
data_to_alu_|I :in std_logic_vector(7 downto 0);
r0_to_alu - in std_logic_vector(7 downto 0);
r0_to_alu_I - in std_logic_vector(7 downto 0);
rl _to_alu :in std_logic_vector(7 downto 0);
rl to_alu_|I :in std_logic_vector(7 downto 0);
ir_to_alu :in std_logic_vector(7 downto 0);
ir_to_alu_l :in std_logic_vector(7 downto 0);
add :in std_logic;
sub : in std_logic;
orr »in std_logic;
andd : in std_logic;
xorr :in std_logic;
carry_out out std_logic;
carry_out_| :out std_logic;
aluout . out std_logic_vector(7 downto 0);
aluout_| :out std_logic_vector(7 downto 0));

end alu;

Architecture rtl of alu is

begin

signal inl,inl_L,in2,in2_l.or11,0r12,res,res_|, tin2: std_logic_vector(7 downto 0);
signal carry,carry_| : std_logic_vector(8 downto 0);

signal res_and,res_and_I,res_or,res_or_l,res_xor : std_logic_vector(7 downto 0);
signal results,results_l,outalu,outalu_I,tin2_I,xor11 : std_logic_vector(7 downto 0);
signal t_carry,t_carry_l,cout,cout_l,all_control,ack :std_logic;

signal all_input,allsignal,allsignall,xor12,res_xor_I: std_logic_vector(7 downto 0);

inl <=a_to_aly;

inl_| <=a_to_alu_l;

tin2 <=data_to_alu or r0_to aluorrl to aluorir_to alu;

tin2_|  <=data_to_alu_l orr0_to_alu_l or rl_to_alu_| orir_to_alu_I;
select_in2:

foriin 0 to 7 generate
in2(i) <= (tin2_I(i) and sub) or (tin2(i) and add);
in2_I(i) <= (tin2(i).and sub) or (tin2_I(i) and add);
end generate;

ADD/SUB/INC MODULE

select_cin:
carry(0) <=sub;
carry_1(0)<= add;
module_or1l orl2:
for.i in 0 to 7 generate
orll(i) <= (inl(i) and in2_I(i)) or (in1_I(i) and in2(i));
orl2(i) <= (inl(i) and in2(i)) or (in1_I(i) and in2_I(i));
end generate;
module_res:
for i in 0 to 7 generate
res(i) <= (orl11(i) and carry_I(i)) or (or12(i) and carry(i));
res_I(i) <= (orl1(i) and carry(i)) or (or12(i) and carry_I(i));
end generate;
module_carry:
foriin 0 to 7 generate
carry(i+1) <= (orll(i) and carry(i)) or (inl(i) and in2(i));
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carry_I(i+1) <= (or11(i) and carry_I(i)) or (in1_I(i) and in2_I(i));
end generate;

AND MODULE
module_and:
foriin 0 to 7 generate
res_and(i) <=andd and in1(i) and tin2(i);
res_and_I(i) <=andd and (in1_I(i) or (in1(i) and tin2_I(i)));
end generate;

OR MODULE

module_or:
foriin 0 to 7 generate
res_or(i) <= orrand (in1(i) or (in1_I(i) and tin2(i))) ;
res_or_I(i) <= orr and (in1_I(i) and tin2_I(i));
end generate;

XOR MODULE
module_xor:
foriin 0 to 7 generate
xorll(i) <= (in1(i) and tin2_I(i)) or (in1_I(i) and tin2(i));
xorl2(i) <= (inl(i) and tin2(i)) or (inl1_I(i) and tin2_I(i));
res_xor(i) <= xorr and xor11(i);
res_xor_l(i) <= xorr and xor12(i);
end generate;
-- Generate Result of Operation
results  <=res_and or res_or or res_xor or res;
results_| <=res_and_l or res_or_l or res_xor_lor res_lI;
t carry <= (add and carry(8)) or (sub and carry_I(8));
t_carry_| <= (add and carry_I(8)) or (sub and carry(8));

Generate ACKNOWLEDGEMENT

or_all_input: -- select output of LUT that is OR-Gates of input circuit.
foriin 0 to 7 generate
all_input(i) <= in1(i) or in1_I(i) or in2(i) or in2_I(i) or tin2(i) or tin2_I(i);
end generate;
all_control <= add or sub or orr or xorr or andd; - -- select input circuit
or_all_signal:
foriin 0 to 7 generate
allsignal(i) <= or11(i) or or12(i) or xor11(i) or xor12(i);
end generate;
or_all_signall:
foriin 0 to 7 generate
allsignal1(i) <= carry(i) or carry_I(i) or all_input(i) or allsignal(i);
end generate;
ack <= allsignal1(0) or allsignal1(1) or allsignal1(2) or allsignal1(3) or alisignal1(4) or allsignal1(5) or
allsignal1(6) or-allsignal1(7) or all_control or carry(8) or carry_I(8);

Generate OUTPUT

end rtl;

gen_aluout:
for i in 0 to 7 generate
outalu(i) <= (results(i) and ack) or (results(i) and outalu(i)) or (ack and outalu(i));
outalu_I(i) <= (results_I(i) and ack) or (results_I(i) and outalu_I(i)) or (ack and outalu_I(i));
end generate;
gen_carryout:
cout <= (t_carry and ack) or (t_carry and cout) or (ack and cout);
cout_| <= (t_carry_l and ack) or (t_carry_I and cout_l) or (ack andcout_l);
aluout <= outalu;
aluout_ | <= outalu_lI;
carry_out <= cout;
carry_out_I <= cout_lI;



ctl.vhd

library ieee;
use ieee.std_logic_1164.all;

Entity ctl is

port(  reset_| :in std_logic;
opcode - in std_logic_vector(7 downto 0);
carry_out - in std_logic;
carry_out_| :in std_logic;
zero - in std_logic;
zero_| - in std_logic;
ir_ctl_ack - in std_logic;-- fetch finsih
wr_a_ack : in std_logic; -- Write A ACK
wr_pc_ack :in std_logic; -- Write PC ACK
wr_inc_ack : in std_logic; -- Write PC Inc. Value ACK
pc_inc_ack - in std_logic; -- Inc PC finish
a_r0_ack »in std_logic; -- A Write RO Finish
a_rl_ack »in std_logic; -- A Write R1 Finish
data_ram_ack :in'std_logic; -- Read RAM Finish
pc_sp_ack :in std_logic;-- PC Write SP Finish
wr_ram_ack instd_logic; -- Write RAM Finish
alu_ack :in std_logic;-- ALU Execute Finish
shift_ack . in std_logic;
add > out std_logic;
sub :out std_logic;
orr :out std_logic;
andd :out std_logic;
xorr :out std_logic;
out_to_a > out std_logic; -- Send ALU Output to A
pc_rom_req > out std_logic;
pc_inc_req :out std_logic; -- Read PC Request --
pc_sp_req :out std_logic;
a_alu_req :out std_logic;
a_ram_req :out std_logic; -- --
a_r0_req :out std_logic; -- Read A Request  --
arl req : out std_logic; -- --
a_shf _req out std_logic;
shf_a_req out std_logic;
do_shl ;out std_logic;
do_shr :out std_logic;
send_to_pc :out std_logic; -- PC_INC Request (Send Output to PC)
r0_alu_req :out std_logic;
r0_a_req :out std_logic; -- Read RO Request  --
r0_ram_req : out std_logic;
rl_alu_req : out std-_logic;
rl_a_req :out std_logic; -- Read R1 Request --
rl_ram_req : out std_logic;
data_alu_req :out std_logic; -- Read RAM Data Request
data_a_req :out std_logic;
Sp_pc_req :out std_logic; -- Read SP Request
ir_alu_req :out std_logic;
ir_a_req :out std_logic; -- Read Imm. Value Request --
ir_pc_req :out std_logic; --- --
ir_ram_req :out std_logic;
ram_read : out std_logic);

end ctl;

Architecture beh of ctl is
signal st_fetch,c_fetch,inc_pc,c_inc_pc, cnt_pc_wr,c_write_pc : std_logic;
signal imm_mode,reg_mode,drct_mode,idrct_mode, write_pc : std_logic;
signal req_r0_a,req_r1_a,req_r0_ram,req_r1_ram, call_op,c_rd_pc : std_logic;
signal req_a_rO,req_a_r1l,req_a_ram, t_execl,t_exec2,exel,exe2 : std_logic;
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signal store,call,cal,load,jump,jmpcond,ret,jmp_rel,shift : std_logic;

signal do_add,do_sub,do_and,do_or,do_xor,exe3,nt_jmprel : std_logic;

signal read_ram,req_ram,c_rd_ram, exec,fin_exec,execute,c_exe : std_logic;

signal last_exe,write_fin,write_des,c_write_des,des_ack, carry,carry_l: std_logic;
begin

_kkkkkkkhhkhkhkkkk FETCH MODU LE *kkkkhkhhhhkkhkhkhhhkikk

--control_first fetch

st_fetch <=reset_| and (not des_ack);

pc_rom_req <= st_fetch and (not c_fetch);

c_fetch <= (st_fetch and ir_ctl_ack) or (st_fetch and c_fetch) or (ir_ctl_ack and c_fetch);

kkkkkkhkhkkhkhkhkhkhkkkk INC PC
inc_pc <=st_fetch and (not ¢_inc_pc);
c_inc_pc <= (st_fetch and pc_inc_ack) or (st_fetch and c_inc_pc) or (pc_inc_ack and c_inc_pc);
write_pc <= c_inc_pc and ((not opcode(7)) or (jmp_rel and (not jmpcond)) or call) and c_fetch;
cnt_pc_wr <= write_pc and (not c_write_pc);
c_write_pc <= (write_pc and wr_inc_ack) or (write_pc and c_write_pc) or (wr_inc_ack and

C_write_pc);
- DECODE P
- "0000" = STORE
- "0001" =LOAD
-- "0010" =SHIFT +'0'=SHIFT LEFT / +'1' = SHIFT RIGHT
-- "0011" = AND
-- "0100" =OR
- "0101" =XOR
- "0110" =SUB
- "0111" =ADD
-- "1000" =BRANCH WITH CONDITION + "00" =JZ
- "01" =JNZ
- "10" =JC
-- "11"=JNC
-- "1001" = BRANCH + "00" = JUMP
- "01" = CALL
- "10" = RET
store <="1"when (opcode(7 downto 4) = "0000") else '0'; -- STORE
load <="1"when (opcode(7 downto 4) = "0001") else '0"; --LOAD
shift <="1"when (opcode(7 downto 4) = "0010") else '0';
cal <="1" when ((opcode(7 downto 6) = "01") or (opcode(7 downto 4) = "0011")) else '0'; --

AND,OR,XOR,SUB,ADD
jmp_rel <='1"when (opcode(7 downto 4) = "1000") else '0";
jmpcond <= (imm_mode and zero and (not zero_I)) or (reg_mode and (not zero) and zero_I) or
(drct_mode and carry and (not carry_I)) or (idrct_mode and (not carry) and carry_l);
jump <="1"when (opcode(7 downto 2) = "100100") else ‘0'; -- IMP

call <="1"when (opcode(7 downto 2) = *100101") else '0'; -- CALL

ret <="1"when (opcode(7 downto 2) = "100110") else '0"; -- RET

-- What's Mode and Source ----

imm_mode <= not (opcode(3) or opcode(2)); -- immediate
reg_mode <= (not opcode(3)) and opcode(2); -- register
drct_mode <= opcode(3) and (not opcode(2)); -- direct
idrct_mode <= opcode(3) and opcode(2); -- indirect
req_r0_a <=reg_mode and opcode(0) and load; -- load register to A
req_rl_a <=reg_mode and opcode(1) and load;

req_r0_ram <= idrct_mode and opcode(0); -- address

reg_rl _ram <= idrct_mode and opcode(1);

req_a_r0 <= store and reg_mode and opcode(0); -- store A to register
req_a rl <= store and reg_mode and opcode(1);

req_a_ram <= store and opcode(3); -- store A to memory

-- What's Operation ----------
do_and <='1"when (opcode(7 downto 4) = "0011") else '0";
do_or  <='1"when (opcode(7 downto 4) = "0100") else '0";
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do_xor <='1"when (opcode(7 downto 4) = "0101") else '0";
do_sub <='1"when (opcode(7 downto 4) = "0110") else '0';
do_add <='1"when (opcode(7 downto 4) ="0111") else '0';

DEFER

-- direct / indirect addressing mode

read_ram <= opcode(3) and (cal or load) and c_fetch;

reg_ram <=read_ram and (not c_rd_ram);

¢_rd ram <= (read_ram and data_ram_ack) or (read_ram and c¢_rd_ram) or (data_ram_ack and
c_rd_ram);

-- call instrction (keep pc before execute)

call_op <=call and c_write_pc;

pc_sp_req <= call_op and (not c_rd_pc); -- Call insturction

c_rd_pc <=(call_op and pc_sp_ack) or (call_op and c_rd_pc) or (pc_sp_ack and c_rd_pc);

ALU EXECUTE i a

t_execl <= ((cal and (not opcode(3))) or shift) and c_fetch;

t exec2 <=calandc_rd_ram;

exec <=t_execlort_exec2;

fin_exec <=alu_ack or shift_ack;

execute <= exec and (not c_exe);

c_exe <= (exec and fin_exec) or (exec and c_exe) or (fin_exec and c_exe);

DESTINATION WRITE BACK #***** ki
exel <= (store or jump or ret or (load and (not opcode(3))) or (jmp_rel and jmpcond)) and c_fetch;
exe2 <=calland c_rd_pc;
exe3 <=loadand c_rd_ram;
last_exe <=exel or exe2 or exe3 Or C_exe;
write_fin <= wr_a_ack or wr_ram_ack or a_r0_ack ora_rl _ack or wr_pc_ack;
write_des <= last_exe and (not c_write_des);
c_write_des <= (last_exe and write_fin) or (last_exe and c_write_des) or (write_fin and c_write_des);
nt_jmprel <=jmp_rel and (not jmpcond) and c_write_pc;
des_ack <= (c_write_des and c_write_pc and (not opcode(7))) or
nt_jmprel or (c_write_des and opcode(7));

Fkkkkk ** CONTROL SIGNAL o FROTRE:
send_to_pc <= cnt_pc_wr,
r0_ram_req <=req_r0_ram and (req_ram or (write_des and store));
rl_ram_req <=req_rl ramand (req_ram or (write_des and store));
ir_ram_req <= drct_mode and (req_ram or (write_des and store));
ir_alu_req <= execute and imm_maode;
data_alu_req <= execute and opcode(3);
r0_alu_req <= execute and reg_mode and opcode(0);
rl_alu_req <= execute and reg. mode and opcode(1);
a_alu_req <= execute and cal,
a_r0_req <= write_des and req_a_r0;
a_rl req <=write_des and req_a_rl;
a_ram_req <= write_des and reg_a_ram;
ir_a_req <= write_des and load and imm_maode;
r0_a_req <= write_des and req_r0-a;
rl_a_req <= write._des and req_r1_a;
data_a_req <= write_des and load and opcode(3);
sp_pc_req <= write_des and ret ;
ir_pc_req <= write_des and (call or jump or (jmp_rel and jmpcond));
out_to_a <= write_des and cal;
a_shf _req <= execute and shift;
shf_a_req <= write_des and shift;
do_shl <= execute and shift and (not opcode(3));
do_shr <= execute and shift and opcode(3);
pc_inc_req <=inc_pc;
ram_read <= req_ram;
add <= do_add and execute;

sub <=do_sub and execute; -- --
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andd <=do_and and execute; -- ALU Mode for Execute --
orr <=do_or and execute ; -- --
xorr <= do_xor and execute;

carry <= (carry_out_I nor carry_l) and reset_lI;

carry_| <= (carry_out nor carry) or (not reset_l);

end beh;

AONUUINLUSNNS )
ANRINIUIVENAY



data_reg.vhd
Library ieee;
use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

Entity data_reg is

port( reset_| - in std_logic;
ram_to_data - in std_logic_vector(7 downto 0);
ram_to_data_| :in std_logic_vector(7 downto 0);
data_alu_req :in std_logic;
data_a _req :in std_logic;
data_ram_ack :out std_logic;
data_to_a > out std_logic_vector(7 downto 0);
data_to_a_| :out std_logic_vector(7 downto 0);
data_to_alu :out std_logic_vector(7 downto 0);
data_to_alu_|I : out std_logic_vector(7 downto 0)
)i

end data_reg;

Architecture rtl of data_reg is
signal lat,lat_I,buff : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;
begin
gen_latch:
foriin O to 7 generate
lat(i) <= (ram_to_data(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (ram_to_data_I(i) nor lat(i)) and reset_lI;
end generate;

gen_buffer:
foriin 0 to 7 generate

buff(i) <= (ram_to_data(i) and lat_I(i)) or (ram_to_data_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and
buff(4) and buff(5) and buff(6) and buff(7);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or
buff(4) or buff(5) or buff(6) or buff(7);

ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

gen_output:

foriin 0 to 7 generate
data_to_alu(i) <= lat_I(i) and data_alu_req;
data_to_alu_I(i) <= lat(i) and data_alu_req;
data_to_a(i) <= lat_I(i) and data_a_req;
data_to_a_I(i) <= lat(i) and data_a_req;

end generate;
data_ram_ack <= ack;

end rtl;



Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity ir is

end ir;

port( reset_|
data_rom
data_rom_|I
ir_alu_req
ir_a_req
ir_pc_req
ir_ram_req
ir_ctl_ack
ir_to_alu
ir_to_alu_lI
ir to_a
ir to_a |
ir_to_ram
ir_to_ram_|I
ir_to_pc
ir_to_pc_|I
opcode

Architecture rtl of ir is
signal lat,lat_I,buff : std_logic_vector(15 downto 0);

begin

end rtl;

signal andbuff,orbuff,ack

gen_latch:
for i in 0 to 15 generate

ir.vhd

- in std_logic;
- in std_logic_vector(15 downto 0);
- in std_logic_vector(15 downto 0);

- in std_logic;
- in std_logic; -- Read Imm. Value Request --
s in std_logic; -- -

s in std_logic;
:out std_logic;

:out std_logic_vector(7 downto 0);
: out std_logic_vector(7 downto 0);
> out std_logic_vector(7 downto 0);
> out std_logic_vector(7 downto 0);
> out std_logic_vector(9 downto 0);
:out std_logic_vector(9 downto 0);
:out std_logic_vector(9 downto 0);
:out std_logic_vector(9 downto 0);
. out std_logic_vector(7 downto 0));

: std_logic;

lat(i) <= (data_rom(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (data_rom_I(i) nor lat(i)) and reset_lI;

end generate;
gen_buffer:
foriin 0 to 15 generate

buff(i) <= (data_rom(i) and lat_I(i)) or (data_rom_I(i) and lat(i));

end generate;

79

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and buff(5) and buff(6) and buff(7)

and buff(8) and buff(9) and buff(10) and buff(11) and buff(12) and buff(13) and buff(14)

and buff(15);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or buff(5) or buff(6) or buff(7) or buff(8)

or buff(9) or buff(10) or buff(11) or buff(12) or buff(13) or buff(14) or buff(15);
ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

gen_output:

for i in 0 to 7 generate
ir_to_alu(i)
ir_to_alu_I(i)
ir_to_a(i)
ir_to_a_l(i)

end generate;

gen_outputl:

for i in 0 to 9'generate
ir_to_ram(i)
ir_to_ram_I(i)
ir_to_pc(i)
ir_to_pc_I(i)

end generate;

ir_ctl_ack<= ack;

<= lat_I(i) and ir-alu_req;
<= lat(i) and ir_alu_req;
<= lat_I(i) and ir_a_req;
<= lat(i) and ir_a_req;

<= lat_I(i) and ir_ram_regq;
<= lat(i) and ir_ram_req;
<= lat_I(i) and ir_pc_req;
<= lat(i) and ir_pc_req;

opcode <= lat_I(15 downto 10) & lat_I(1 downto 0);



mux_output.vhd
Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity mux_output is

port( reset_| - in std_logic;
aluout s in std_logic_vector(7 downto 0);
aluout_| :in std_logic_vector(7 downto 0);
out_to_a - in std_logic;
alu_to_a :out std_logic_vector(7 downto 0);
alu_to a | > out std_logic_vector(7 downto 0);
alu_ack :out std_logic
)i

end mux_output;

Architecture rtl of mux_output is

signal lat,lat_I,buff : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;

begin
gen_lat:

foriin 0 to 7 generate
lat(i) <= (aluout(i) nor lat_I(i)) or (not reset_I);
lat_I(i) <= (aluout_I(i) nor lat(i)) and reset_lI;
end generate;

gen_buf:
foriin 0 to 7 generate

buff(i) <= (aluout(i) and lat_I(i)) or (aluout_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7);

ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);
alu_ack <= ack;

gen_alu_to_a:

foriin 0 to 7 generate
alu_to_a(i) <=out_to_aand lat_I(i);
alu_to_a_I(i) <=out_to_a and lat(i);

end generate;

end rtl;



pc.vhd

Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity pc is
port( reset_| - in std_logic;

pc_inc_req - in std_logic;
pc_sp_req - in std_logic;
pc_out - in std_logic_vector(9 downto 0);
pc_out_| s in std_logic_vector(9 downto 0);
sp_to_pc :in std_logic_vector(9 downto 0);
sp_to_pc_| :in std_logic_vector(9 downto 0);
ir_to_pc :in std_logic_vector(9 downto 0);
ir_to_pc_|I :in std_logic_vector(9 downto 0);
pc_to_sp : out std_logic_vector(9 downto 0);
pc_to_sp_| > out std_logic_vector(9 downto 0);
pc_to_rom > out std_logic_vector(9 downto 0);
pc_to_inc - out std_logic_vector(9 downto 0);
pc_to_inc_| :out std_logic_vector(9 downto 0);
wr_inc_ack out std_logic; -- Write PC Inc. Value ACK
wr_pc_ack :out std_logic -- Write PC ACK);

end pc;

Architecture rtl of pc is

signal x,x_l,lat,lat_|,buff :std_logic_vector(9 downto 0);

signal andbuff,orbuff,ack_x,t_wr,ack_wr,t_inc,ack_inc : std_logic;
begin

X <=sp_to_pc or ir_to_pc or pc_out;

x_| <=sp_to_pc_lorir_to_pc_I or pc_out_I;

gen_latch:

foriin 0 to 9 generate
lat(i) <= (x(i) nor lat_I(i)) or (not reset_);
lat_I(i) <= (x_I(i) nor lat(i)) and reset_I;
end generate;
gen_buffer:
foriin 0 to 9 generate
buff(i) <= (x(i) and lat_I(i)) or (x_I(i) and lat(i));
end generate;
andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7) and buff(8) and buff(9);
orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7) or buff(8) or buff(9);

ack_x <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);
towr <=sp_to_pc(0) or sp_to_pc_I(0) or ir_to_pc(0) or ir_to_pc_I(0);

t_inc <= pc_out(0) or pc_out_I(0);

ack_wr <= (t_wr and ack_x) or (t_wr and ack_wr) or (ack_x and ack_wr);
ack_inc <= (t_inc and ack_x) or (t_inc and ack_inc) or (ack_x andack_inc);

-------------------- Gen Output

gen_output:

for i in 0 to 9'generate
pc_to_rom(i) <= lat_I(i);
pc_to_inc(i) <= lat_I(i) and pc_inc_regq;
pc_to_inc_I(i) <= lat(i) and pc_inc_req;
pc_to_sp(i) <= lat_I(i) and pc_sp_req;

pc_to_sp_I(i) <= lat(i) and pc_sp_req;
end generate;
wr_pc_ack <=ack_wr;
wr_inc_ack <=ack_inc;
end rtl;



Library ieee;

use ieee.numeric_std.all;

Entity pc_inc is

end pc_inc;

pc_inc.vhd
use ieee.std_logic_1164.all;
port( reset_| - in std_logic;
send_to_pc - in std_logic;
pc_to_inc - in std_logic_vector(9 downto 0);
pc_to_inc_| s in std_logic_vector(9 downto 0);
pc_inc_ack :out std_logic;
pc_out > out std_logic_vector(9 downto 0);
pc_out_| > out std_logic_vector(9 downto 0));
Architecture rtl of pc_inc is
signal sum,sum_I,buff,lat,lat_I : std_logic_vector(9 downto 0);
signal andbuff,orbuff,ack : std_logic;
signal c,c_| : std_logic_vector(9 downto 1);

begin

end rtl;

sum(0) <= pc_to_inc_I(0);
sum_I(0) <= pc_to_inc(0);

c(1) <= pc_to_inc(0);
c_I(1) <=pc_to_inc_I(0);
gen_sum:

foriin1to 9 generate

sum(i) <= (pc_to_inc(i) and c_I(i)) or (pc_to_inc_I(i) and c(i));

sum_I(i) <= (pc_to_inc_I(i) and c_I(i)) or (pc_to _inc(i) and c(i));
end generate;
gen_carry:
foriin 2 to 9 generate

c(i) <= pc_to_inc(i-1) and c(i-1);

c_I(i) <= pc_to_inc_I(i-1) or (pc_to_inc(i-1) and c_I(i-1));
end generate;

Latch

gen_latch:
foriin 0 to 9 generate
lat(i) <= (sum(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (sum_I(i) nor lat(i)) and reset_I;
end generate;

gen_buff:
foriin 0 to 9 generate

buff(i) <= (sum(i) and lat_I(i)) or (sum_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7) and buff(8) and buff(9);

orbuff  “<=buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7) or buff(8) or buff(9);

ack_x  <=/(andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

ack <= pc_to_inc(0) or pc_to_inc_I(0);
ack_inc <= (ack_x and ack) or (ack_x and ack_inc) or (ack and ack_inc);
---------------- Gen Output -----------=-=-=---=-----
gen_out_pc:
for i in 0 to 9 generate
pc_out(i) <= lat_I(i) and send_to_pc;
pc_out_I(i) <= lat(i) and send_to_pc;
end generate;
pc_inc_ack <=ack_inc;
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r0.vhd

Library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

Entity r0 is

port( reset_| - in std_logic;

r0_ram_req - in std_logic;
r0_alu_req - in std_logic;
r0_a req - in std_logic;
a_to_r0 - in std_logic_vector(7 downto 0);
a_to ro_| :in std_logic_vector(7 downto 0);
a_r0_ack :out std_logic;
r0_to a :out std_logic_vector(7 downto 0);
r0_to a_l :out std_logic_vector(7 downto 0);
r0_to_ram : out std_logic_vector(7 downto 0);
r0_to_ram_| :out std_logic_vector(9 downto 0);
r0_to_alu > out std_logic_vector(7 downto 0);
r0_to_alu_| :out std_logic_vector(7 downto 0));

end r0;

Architecture rtl of r0 is

begin

end rtl;

signal lat,lat_I,buff : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;

gen_latch:
foriin 0 to 7 generate
lat(i) <= (a_to_r0(i) nor lat_I(i)) or (not reset_I);
lat_I(i) <= (a_to_r0_I(i) nor lat(i)) and reset_l;
end generate;

gen_buffer:
foriin 0 to 7 generate

buff(i) <= (a_to_rO(i) and lat_I(i)) or(a_to_r0_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and buff(5) and buff(6) and buff(7);
orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or buff(5) or buff(6) or buff(7);
ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

gen_output:

foriin 0 to 7 generate
r0_to_alu(i) <= lat_I(i).and r0_alu_req;
r0_to_alu_I(i) <= lat(i) and r0_alu_req;
r0_to_a(i) <=lat_I(i) and r0_a_req;
r0_to_a_I(i) <= lat(i) and r0_a_req;
r0_to_ram(i) <= lat_I(i) and rO_ram_req;

r0_to_ram_I(i) <= lat(i) and rO_ram_req;
end generate;

r0_to_ram_I(8) <=r0_ram_req;
r0_to_ram_I(9) <=r0_ram_req;
a_r0_ack <= ack;
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rl.vhd

Library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

Entity rl is

port( reset_| - in std_logic;

rl_ram_req - in std_logic;
rl_alu_req - in std_logic;
rl_a req - in std_logic;
atorl - in std_logic_vector(7 downto 0);
atorl | :in std_logic_vector(7 downto 0);
a rl ack :out std_logic;
rl_to a : out std_logic_vector(7 downto 0);
rl_to a_l :out std_logic_vector(7 downto 0);
rl_to_ram : out std_logic_vector(7 downto 0);
ri_to_ram_| :out std_logic_vector(9 downto 0);
rl_to_alu > out std_logic_vector(7 downto 0);
rl_to_alu_l :out std_logic_vector(7 downto 0));

end rl;

Architecture rtl of rl is

begin

end rtl;

signal lat,lat_I,buff : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;

gen_latch:
foriin 0 to 7 generate
lat(i) <= (a_to_r1(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (a_to_r1_I(i) nor lat(i)).and reset_l;
end generate;

gen_buffer:
foriin 0 to 7 generate

buff(i) <= (a_to_ri(i) and lat_I(i)) or (a_to_r1_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and buff(5) and buff(6) and buff(7);
orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or buff(5) or buff(6) or buff(7);
ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

gen_output:

foriin 0 to 7 generate
rl_to_alu(i) <= lat_I(i).and r1_alu_req;
rl_to_alu_I(i) <= lat(i) and r1_alu_req;
rl_to_a(i) <=lat_I(i) and rl_a_req;
rl_to_a_ (i) <= lat(i) and r1_a_req;
rl_to_ram(i) <= lat_I(i) and r1_ram_req;

rl_to_ram_I(i) <= lat(i) and r1_ram_req;
end generate;

rl_to_ram_I(8) <=rl_ram_req;
rl_to_ram_I(9) <=rl_ram_req;
a_rl_ack <= ack;



ram_mmu.vhd
Library ieee;
use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

Entity ram_mmu is

port( reset | - in std_logic;
ir_to_ram - in std_logic_vector(9 downto 0);
ir_to_ram_|I - in std_logic_vector(9 downto 0);
r0_to_ram s in std_logic_vector(7 downto 0);
r0_to_ram_| s in std_logic_vector(9 downto 0);
rl_to_ram :in std_logic_vector(7 downto 0);
rl to_ram_| :in std_logic_vector(9 downto 0);
a_to_ram - in std_logic_vector(7 downto 0);
a_to_ram_| :in std_logic_vector(7 downto 0);
ram_read :in std_logic;
ack_ram_addr : in std_logic;
ack_ram_data »in std_logic;
ram_ack_addr :out std_logic;
ram_ack_data :out std_logic;
ram_to_data :out std_logic_vector(7 downto 0);
ram_to_data_| :out std_logic_vector(7 downto 0);
wr_ram_ack . out std_logic;
ram_addr > out std_logic_vector(9 downto 0);
ram_re :out std_logic;
ram_we :out std_logic;
ram_data :instd_logic_vector(7 downto 0);
ram_data_wr :out std_logic_vector(7 downto 0));

end ram_mmu;
Architecture rtl of ram_mmu is
signal lat,lat_I,x,x_I,buff : std_logic_vector(9 downto 0);
signal andbuff,orbuff,ack_addr, anddat,ordat,ack_dat,wr  : std_logic;
signal dat,latdat,latdat_| : std_logic_vector(7 downto 0);
begin
------------------ 2-to-1 convert for address
X(7 downto 0) <=r0_to_ramor r1_to_ram or ir_to_ram(7 downto 0);
x(9 downto 8) <= ir_to_ram(9 downto 8);
x_I <=r0_to_ram_l or r1_to_ram_lorir_to ram_l;
gen_buff:
foriin 0 to 9 generate
buff(i) <= x(i) or x_I(i);
end generate;
andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7) and buff(8) and buff(9);
orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7) or buff(8) or buff(9);
ack_addr <= (andbuff and orbuff) or (andbuff and ack_addr) or (orbuff and ack_addr);
ram_ack_addr <= ack_addr;
--------------- 1-to-2 convert for data to read
gen_data_ram:
foriin 0 to 7 generate
ram_to_data(i) <= ack_ram_addr and ram_read and ram_data(i);
ram_to_data_I(i) <=ack_ram_addr and ram_read and (not ram_data(i));
end generate;
------------------ 2-to-1 convert for data to write
gen_buff_data:
foriin 0 to 7 generate
dat(i) <= a_to_ram(i) or a_to_ram_I(i);
end generate;
anddat <= dat(0) and dat(1) and dat(2) and dat(3) and dat(4) and dat(5) and dat(6) and dat(7);
ordat <= dat(0) or dat(1) or dat(2) or dat(3) or dat(4) or dat(5) or dat(6) or dat(7);
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end rtl;

---------- RAM Control Signal
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ack_dat <= (anddat and ordat) or (anddat and ack_dat) or (ordat and ack_dat);
ram_ack_data <= ack_dat;

wr <= ack_addr and ack_dat and (not ack_ram_addr) and (not ack_ram_data);

ram_addr <=X;

ram_we <=Wr;

ram_re <='1"

ram_data_wr <=a_to_ram;

wr_ram_ack <=ack_ram_addr and ack_ram_data;
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rom_mmu.vhd

Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity rom_mmu is

port( reset | - in std_logic;
pc_to_rom s in std_logic_vector(9 downto 0);
rom_data - in std_logic_vector(15 downto 0);
ack_rom_addr - in std_logic;
rom_re :out std_logic;
rom_addr > out std_logic_vector(9 downto 0);
data_rom > out std_logic_vector(15 downto 0);
data_rom_|I :out std_logic_vector(15 downto 0) );

end rom_mmu;

Architecture rtl of rom_mmu is

begin

end rtl;

---- 1-to-2 convert for rom data

---------- ROM Control Signal

signal lat,lat_I,buff : std_logic_vector(9 downto 0);
signal andbuff,orbuff,ack_addr - std_logic;

gen_data_rom:
for i in 0 to 15 generate
data_rom(i) <= ack_rom_addr and rom_data(i) ;
data_rom_I(i) <= ack_rom_addr and (not rom_data(i));
end generate;

rom_re <='1}
rom_addr <= pc_to_rom;
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shift.vhd
Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
Entity shift is
port( reset_| - in std_logic;
do_shr - in std_logic;
do_shl :in std_logic;
shf_a_req - in std_logic;
a_to_shf - in std_logic_vector(7 downto 0);
a_to_shf I :in std_logic_vector(7 downto 0);
shift_ack :out std_logic;
shf_to_a :out std_logic_vector(7 downto 0);
shf_to_a_| :out std_logic_vector(7 downto 0));
end shift;
Architecture rtl of shift is
signal shf_res,shf_res_l.buff,lat,lat_|  : std_logic_vector(7 downto 0);
signal andbuff,orbuff,ack : std_logic;
begin
shf_res(0) <=do_shrand a_to_shf(1);
shf_res_I(0) <=do_shl or (do_shr and a_to_shf _I(1));

end rtl;

gen_shift:
foriin 1 to 6 generate
shf_res(i) <= (do_shl and a_to_shf(i-1)) or (do_shr and a_to_shf(i+1));
shf_res_I(i)<= (do_shl and a_to_shf_I(i-1)) or (do_shr and a_to_shf_I(i+1));
end generate;

shf_res(7) <=do_shl and a_to_shf(6);

shf_res_I(7) <=do_shr or (do_shl and a_to_shf_I(6));
Latch

gen_latch:

foriin 0 to 7 generate
lat(i) <= (shf_res(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (shf_res_I(i) nor lat(i)) and reset_lI;
end generate;

gen_buff:
foriin 0 to 7 generate

buff(i) <= (shf_res(i) and lat_I(i)) or (shf_res_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7);

ack <= (andbuff and orbuff) or (andbuff and ack_x) or (orbuff and ack_x);

---------------- Gen Output ---------=-=-=-==-=------
gen_out_pc:
foriin 0 to 7 generate
shf_to_a(i) <= lat_I(i) and shf_a_req;
shf_to_a_I(i) <= lat(i) and shf_a_req;

end generate;

shift_ack <= ack;
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sp.vhd

Library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

Entity sp is

port( reset_| - in std_logic;

sp_pc_req :in std_logic;
pc_to_sp :in std_logic_vector(9 downto 0);
pc_to_sp_|I s in std_logic_vector(9 downto 0);
pc_sp_ack :out std_logic;
sp_to_pc > out std_logic_vector(9 downto 0);
sp_to_pc_| > out std_logic_vector(9 downto 0));

end sp;

Architecture rtl of sp is

begin

end rtl;

signal lat,lat_I,buff : std_logic_vector(9 downto 0);
signal andbuff,orbuff,ack : std_logic;

gen_latch:
foriin 0 to 9 generate
lat(i) <= (pc_to_sp(i) nor lat_I(i)) or (not reset_l);
lat_I(i) <= (pc_to_sp_I(i) nor lat(i)) and reset_I;
end generate;

gen_buffer:
foriin 0 to 9 generate

buff(i) <= (pc_to_sp(i) and lat_I(i)) or (pc_to_sp_I(i) and lat(i));
end generate;

andbuff <= buff(0) and buff(1) and buff(2) and buff(3) and buff(4) and
buff(5) and buff(6) and buff(7) and buff(8) and buff(9);

orbuff <= buff(0) or buff(1) or buff(2) or buff(3) or buff(4) or
buff(5) or buff(6) or buff(7) or buff(8) or buff(9);

ack <= (t_pc and ack_x) or (t_pc and ack_pc) or (ack_x and ack_pc);
gen_output:
foriin 0 to 9 generate

sp_to_pc(i) <= lat_I(i) and sp_pc_req;

sp_to_pc_I(i) <= lat(i) and sp_pc_req;
end generate;
pc_sp_ack <=ack;
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mux_ram_data.vhd
Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
Entity mux_ram_data is
port( switch : in std_logic_vector(7 downto 0);

ram_addr :in std_logic_vector(9 downto 0);

ram_we in std_logic;

ram_data_rd »in std_logic_vector(7 downto 0);

ram_data out std_logic_vector(7 downto 0)

);

end mux_ram_data;

Architecture rtl of mux_ram_data is
begin

ram_data <= switch when ((ram_addr = "1111110000") and ram_we = '0') else ram_data_rd;
end rtl;



decode_7seg.vhd
Library ieee;
use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

Entity decode_7seg is

port( reset | :in std_logic;
clk :in std_logic;
data_show :in std_logic_vector(7 downto 0);
position s in std_logic_vector(9 downto 0);
show :in std_logic;
show_input :in std_logic;
debug_dat - in std_logic_vector(15 downto 0);
to_7seg :out std_logic_vector(7 downto 0);
seg_en :out std_logic_vector(3 downto 0));

end decode_7seg;

Architecture rtl of decode_7seg is
signal cnt  : unsigned(15 downto 0);
signal state  : unsigned(1 downto 0);
signal seg_dat,dat1,dat2,dat3,dat4 : std_logic_vector(7 downto 0);
signal chk,t_chk,tt_chk : std_logic;
signal data0,datal,data2,data3 : std_logic_vector(7 downto 0);
signal tmp - std_logic_vector(15 downto 0);
begin
-- concurrent statements
chk <="1"when ((position(9 downto 2) = "11111111") and (show = '1")) else '0";
latch_dat:
process(reset_l,clk)
begin
if (reset_| ='0") then
datl <= (others =>'0');
dat2 <= (others =>"'0');
dat3 <= (others =>"'0");
dat4 <= (others =>'0");
elsif rising_edge(clk) then
if (chk ='1') then
case position(1 downto 0) is
when "00" => datl <= data_show;
when "01" => dat2 <= data_show;
when "10" => dat3 <= data_show;
when others => dat4 <= data_show;
end case;
end if;
end if;
end process latch_dat;
latch_input:
process(reset_I,clk)
begin
if (reset_| = '0") then
tmp <= (others =>"'0");
elsif rising_edge(clk) then
tmp <= debug_dat;
end if;
end process latch_input;

-- Debug Show

with tmp(3 downto 0) select
data0 <= "11000000" when "0000",
"11111001" when "0001",



"10100100" when "0010",
"10110000" when "0011",
"10011001" when "0100",
"10010010" when "0101",
"10000010" when "0110",
"11111000" when "0111",
"10000000" when "1000",
"10010000" when "1001",
"10001000" when "1010",
"10000011" when "1011",
"10100111" when "1100",
"10100001" when "1101",
"10000110" when "1110",
"10001110" when others;
with tmp(7 downto 4) select
datal <= "11000000" when "0000",
"11111001" when "0001",
"10100100" when "0010",
"10110000" when "0011",
"10011001" when "0100",
"10010010" when "0101",
10000010 when "0110",
"11111000" when "0111",
""10000000" when "1000",
"10010000" when "1001",
"10001000" when "1010",
10000011 when "1011",
"10100111" when "1100",
"10100001" when "1101",
"10000110" when "1110",
"10001110" when others;
with tmp(11 downto 8) select
data2 <= "11000000" when "0000",
"11111001" when "0001",
"10100100" when "0010",
"10110000" when "0011",
"10011001" when "0100",
"10010010" when "0101",
10000010 when "0110",
"11111000" when "0111",
""10000000" when "1000",
"10010000" when "1001",
"10001000" when "1010",
"10000011" when "1011",
"10100111" when "1100",
"10100001" when "1101",
"10000110" when "1110",
"10001110" when others;
with tmp(15 downto 12) select
data3 <= "11000000" when "0000",
"11111001" when "0001";
"10100100" when "0010",
"10110000" when "0011",
"10011001" when "0100",
"10010010" when "0101",
"10000010" when "0110",
"11111000" when "0111",
""10000000" when "1000",
"10010000" when "1001",
"10001000" when "1010",
"10000011" when "1011",
"10100111" when "1100",
"10100001" when "1101",
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"10000110" when "1110",

"10001110" when others;

--------------------- Display 7-Segment -------------------n-m---

divide_clock:
Process(reset_l,clk)
begin
if (reset_| ='0") then
cnt <= (others =>'0");
elsif rising_edge(clk) then
cnt <= cnt+1;
end if;
end process divide_clock;
show_7seg:
process(reset_I,clk)
begin
if (reset_| ='0") then
state <="00";
seg_en <="0000",
seg_dat <= (others =>'0");
elsif rising_edge(clk) then
if (cnt = 65535) then
state <= state+1;

If (show_input = '0") then
case state is
when "00" =>
seg_en <="0001";
seg_dat <= data0;
when "01" =>
seg_en <="0010";
seg_dat <= datal,;
when "10" =>
seg_en <= "0100";
seg_dat <= data2;
when others =>
seg_en <="1000";
seg_dat <= data3;

end case;
else
case state is
when "00" =>
seg_en <= "0001";
seg_dat <= dat4,
when "01" =>
seg_en <="0010";
seg. dat - <=dat3;
when "10™ =>
seg_en <="0100";
seg_dat <=dat2;
when others =>
seg_en <= "1000";
seg_dat <= datl,
end case;
end if;
else

state <= state;
seg_dat <= seg_dat;
end if;
end if;
end process show_7seg;
to_7seg <= seg_dat;
end rtl;
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gen_strobe.vhd

Library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

Entity gen_strobe is
port(ram_ack_addr : in std_logic;

ram_ack_data :in std_logic;
rom_ack_addr :in std_logic;
clk - in std_logic;
reset_| :in std_logic;
rst_async :out std_logic;
ack_rom_addr :out std_logic;
ack_ram_addr :out std_logic;
ack_ram_data :out std_logic
)i

end gen_strobe;

Architecture rtl of gen_strobe is
signal ram_1x_addr,rom_1x_addr,ram_1x_data : std_logic;
signal tram_addrl,trom_addrl,tram_datal : std_logic;
signal cnt : unsigned(4 downto 0);
signal state : std_logic_vector(1 downto 0);

begin
gen_ram_1x_addr:
process(ram_ack_addr,clk)

begin
if (ram_ack_addr = '0") then
tram_addrl <='04
ram_1x_addr <='0";
elsif rising_edge(clk) then
tram_addrl <='1}
ram_1x_addr <= tram_addr1;

end if;
end process gen_ram_1x_addr;

gen_rom_1x_addr:
process(rom_ack_addr,clk)

begin
if (rom_ack_addr ='0") then
trom_addrl <='0%
rom_1x_addr <='0%
elsif rising_edge(clk) then
trom_addrl <='1%
rom_1x_addr <= trom_addrl;

end if;
end process gen_rom_1x_addr;

gen_ram_1x_data:
process(ram_ack_data,clk)

begin
if (ram_ack_data = '0") then
tram_datal <='0%
ram_1x_data <='0%
elsif rising_edge(clk) then
tram_datal <='"1";
ram_1x_data <= tram_datal;

end if;
end process gen_ram_1x_data;

ack_rom_addr <=rom_1x_addr;
ack_ram_addr <=ram_1x_addr;
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ack_ram_data <= ram_1x_data;

-- Debault reset button

gen_state:
process(clk)
begin
if rising_edge(clk) then
case state is

when "00" =>
if (reset_I ='0") then
state <="01";
else
state <= "00";
end if;
when "01" =>
if (cnt(4) = '1") then
state <="10";
else
state <= "01";
end if;
when "10" =>
if (reset_| = '1") then
state <="00";
else
state <= "10";
end if;
when others => state <= state;
end case;

end if;
end process gen_state;

gen_cnt:
process(clk)
begin
if rising_edge(clk) then
case state is
when "00" => cnt <= (others =>'0");
when "01" =>¢nt <= cnt+1;
when others => cnt <= cnt;
end case;
end if;

end process gen_cnt;

rst_async <="1"' when (state = "00") else '0’;
end rtl;
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Library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;

Entity asyn_cpu is
port(reset_|

geclk
switch
show_input
led
to_7seg
seg_en

addr_rom
dat_rom
addr_ram
we_ram
datwr_ram
datrd_ram

asyn_cpu.vhd

:in std_logic;

s in std_logic;

:in std_logic_vector(7 downto 0);
:in std_logic;

:out std_logic_vector(3 downto 0);
:out std_logic_vector(7 downto 0);
:out std_logic_vector(3 downto 0);
------ DEBUG --------
:out std_logic_vector(9 downto 0);
:out std_logic_vector(15 downto 0);
> out std_logic_vector(9 downto 0);
:out std_logic;

> out std_logic_vector(7 downto 0);

: out std_logic_vector(7 downto 0));

end asyn_cpu;

Architecture rtl of asyn_cpu is

CPU

component a

port( reset_| :instd_logic;
a_alu_req :in std_logic;
a_ram_req :in std_logic;
a _r0_req :in std_logic;
arl req :in std_logic;
a_shf _req :in std_logic;
alu_to_a :in std_logic_vector(7 downto 0);
alu_to a | :in std_logic_vector(7 downto 0);
r0_to a :in std_logic_vector(7 downto 0);
r0_to a_| :in std_logic_vector(7 downto 0);
rl to a :in std_logic_vector(7 downto 0);
rl to a_l in std_logic_vector(7 downto 0);
data_to_a :instd_logic_vector(7 downto 0);
data_to_a_| :in std_logic_vector(7 downto 0);
ir to_a :in std_logic_vector(7 downto 0);
ir_to_a_| :in std_logic_vector(7 downto 0);
shf to_a - in std_logic_vector(7 downto 0);
shf _to_a_| :in std_logic_vector(7 downto 0);
a_to_alu :out std_logic_vector(7 downto 0);
a_to_alu_l - out std-_logic-_vector(7 downto 0);
a_to r0 :out std_logic_vector(7 downto 0);
a_to r0_| :out std_logic_vector(7 downto 0);
a_torl :out std_logic_vector(7 downto 0);
a torl | :out std_logic_vector(7 downto 0);
a_to_ram :out std_logic_vector(7 downto 0);
a_to_ram_| - out std_logic_vector(7 downto 0);
a_to_shf :out std_logic_vector(7 downto 0);
a_to_shf | :out std_logic_vector(7 downto 0);
wr_a_ack :out std_logic;
zero :out std_logic;
zero_| :out std_logic);

end component;
component alu

port( a_to_alu : in std_logic_vector(7 downto 0);
a_to_alu_l :in std_logic_vector(7 downto 0);
data_to_alu :in std_logic_vector(7 downto 0);
data_to_alu_l :in std_logic_vector(7 downto 0);
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r0_to_alu
r0_to_alu_I
rl _to_alu
rl_to_alu_l
ir_to_alu
ir_to_alu_lI
add

sub

orr

andd

xorr
carry_out
carry_out_|
aluout
aluout_|

end component;
component ctl

port(

reset_|
opcod
carry_out
carry_out_|
zero

zero_|
ir_ctl_ack
wr_a_ack
wr_pc_ack
wr_inc_ack
pc_inc_ack
a_r0_ack
a_rl_ack
data_ram_ack
pc_sp_ack
wr_ram_ack
alu_ack
shift_ack
do_shl
do_shr

add

sub

orr

andd

xorr
out_to_a
pc_rom_req
pc_inc_req
pc_sp_req
a_alu_req
a_ram_req
a_r0_req
a_rl req
a_shf_req
send_to_pc
r0_alu_req
r0_a req
r0_ram_req
rl_alu_req
rl_a req
rl_ram_req
data_alu_req
data_a_req
sp_pc_req
shf_a_req
ir_alu_req
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:in std_logic_vector(7 downto 0);

s in std_logic_vector(7 downto 0);

- in std_logic_vector(7 downto 0);
:in std_logic_vector(7 downto 0);

- in std_logic_vector(7 downto 0);

- in std_logic_vector(7 downto 0);
:in std_logic;

- in std_logic;

- in std_logic;

:in std_logic;

- in std_logic;

:out std_logic;

:out std_logic;

:out std_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0));

:in std_logic;
:in std_logic_vector(7 downto 0);
» instd_logic;
:in std_logic;
:instd_logic;
:in std_logic;

. in std_logic;
:in std_logic;

: in std_logic;

2 instd_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:in std_logic;
:out std_logic;
: out std_logic;
out std_logic;
out std_logic;
out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
: out std-_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic



ir_a_req
ir_pc_req
ir_ram_req
ram_read

:out std_logic;
:out std_logic;
:out std_logic;
:out std_logic);

end component;
component data_reg

port( reset_| - in std_logic;
ram_to_data - in std_logic_vector(7 downto 0);
ram_to_data_| :in std_logic_vector(7 downto 0);
data_alu_req :in std_logic;
data_a _req - in std_logic;
data_ram_ack :out std_logic;
data_to_a - out std_logic_vector(7 downto 0);
data_to_a_| > out std_logic_vector(7 downto 0);
data_to_alu : out std_logic_vector(7 downto 0);
data_to_alu_|I :out std_logic_vector(7 downto 0));

end component;
component ir

port( reset_| :in std_logic;
data_rom »instd_logic_vector(15 downto 0);
data_rom_|I - in std_logic_vector(15 downto 0);
ir_alu_req :instd_logic;
ir_a_req :in std_logic;
ir_pc_req . instd_logic;
ir_ram_req :in std_logic;
ir_ctl_ack :out std_logic;
ir_to_alu :out std_logic_vector(7 downto 0);
ir_to_alu_l :out std_logic_vector(7 downto 0);
ir_to_pc :out std_logic_vector(9 downto 0);
ir_to_pc_|I - out std_logic_vector(9 downto 0);
ir to_a > out std_logic_vector(7 downto 0);
ir to_a_l :out std_logic_vector(7 downto 0);
ir_to_ram :out std_logic_vector(9 downto 0);
ir_to_ram_| : out std_logic_vector(9 downto 0);
opcode :out std_logic_vector(7 downto 0));

end component;
component mux_output

port( reset_| in std_logic;
aluout instd_logic_vector(7 downto 0);
aluout_| :in std_logic_vector(7 downto 0);
out_to_a :in std_logic;
alu_to_a :out std_logic_vector(7 downto 0);
alu_to a | - out std_logic_vector(7 downto 0);
alu_ack :out std_logic);

end component;
component pc

port( reset_| :in std_logic;
pc_inc_req :in std_logic;
pc_sp_req :in std_logic;
pc_out »in std_logic vector(9 downto 0);
pc_out_| :instd_logic_vector(9 downto 0);
sp.to_pc - in std_logic_vector(9 downto 0);
sp_to_pc_| :in std_logic_vector(9 downto 0);
ir_to_pc :instd_logic_vector(9 downto 0);
ir_to_pc_|I :in std_logic_vector(9 downto 0);
pc_to_sp :out std_logic_vector(9 downto 0);
pc_to_sp_|I :out std_logic_vector(9 downto 0);
pc_to_rom :out std_logic_vector(9 downto 0);
pc_to_inc :out std_logic_vector(9 downto 0);
pc_to_inc_| :out std_logic_vector(9 downto 0);
wr_inc_ack :out std_logic;
wr_pc_ack :out std_logic);

end component;



component pc_inc
port( reset_|
send_to_pc
pc_to_inc
pc_to_inc_|
pc_inc_ack
pc_out
pc_out_|
end component;
component r0
port( reset_|
r0_ram_req
r0_alu_req
r0_a_req
a_to_r0
a_to r0_|
a_r0_ack
r0_to_a
r0_to_a_|
r0_to_ram
r0_to_ram_|
r0_to_alu
r0_to_alu_l
end component;
component r1
port( reset_|
rl_ram_req
rl_alu_req
rl_a_req
a_to_rl
a_torl |
a_rl_ack
rl_to_a
rl_to a_l
rl_to_ram
rl_to_ram_|
rl_to_alu
rl_to_alu_l
end component;
component ram_mmu
port( reset_|
ir_to_ram
ir_to_ram_|I
r0_to_ram
r0_to_ram_|
rl_to_ram
rl_to_ram_|
a_to_ram
a_to_ram_|
ram_read
ack_ram_addr
ack _ram_data
ram_ack_addr
ram_ack_data
ram_to_data
ram_to_data_|
wr_ram_ack
ram_addr
ram_re
ram_we
ram_data
ram_data_wr
end component;

:in std_logic;

- in std_logic;

:in std_logic_vector(9 downto 0);

s in std_logic_vector(9 downto 0);
:out std_logic;

:out std_logic_vector(9 downto 0);
:out std_logic_vector(9 downto 0));

- instd_logic;

:in std_logic;

- in std_logic;

- in std_logic;

:in std_logic_vector(7 downto 0);
:in std_logic_vector(7 downto 0);
:out std_logic;

> out std_logic_vector(7 downto 0);
> out std_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0);
:out std_logic_vector(9 downto 0);
:out std_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0));

: in std_logic;

instd_logic;

:in std_logic;

:in std_logic;

:in std_logic_vector(7 downto 0);

- in std_logic_vector(7 downto 0);
:out std_logic;

:out std_logic_vector(7 downto 0);
> out std_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0);
:out std_logic_vector(9 downto 0);
: out std_logic_vector(7 downto 0);
out std_logic_vector(7 downto 0));

:in std_logic;
:instd_logic_vector(9 downto 0);

- in std_logic_vector(9 downto 0);
:in std_logic_vector(7 downto 0);
:in std_logic_vector(9 downto 0);

- in std_logic_vector(7 downto 0);
:instd_logic_vector(9 downto 0);
:instd_logic_vector(7 downto 0);
:in std_logic_vector(7 downto 0);
>in std_logic;

:in std_logic;

- in std_logic;

:out std_logic;

:out std_logic;

:out std_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0);
:out std_logic;

:out std_logic_vector(9 downto 0);
:out std_logic;

:out std_logic;
:instd_logic_vector(7 downto 0);
:out std_logic_vector(7 downto 0));
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component rom_mmu
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port( reset | :in std_logic;
pc_to_rom s in std_logic_vector(9 downto 0);
rom_data - in std_logic_vector(15 downto 0);
ack_rom_addr - in std_logic;
rom_re :out std_logic;
rom_addr :out std_logic_vector(9 downto 0);
data_rom :out std_logic_vector(15 downto 0);
data_rom_| :out std_logic_vector(15 downto 0));

end component;
component shift

port( reset_| - in std_logic;
do_shr - in std_logic;
do_shl - in std_logic;
shf_a_req :in std_logic;
a_to_shf :in std_logic_vector(7 downto 0);
a_to_shf | :in std_logic_vector(7 downto 0);
shift_ack :out std_logic;
shf_to_a > out std_logic_vector(7 downto 0);
shf_to_a_| :out std_logic_vector(7 downto 0));

end component;
component sp

port( reset_| :in std_logic;
Sp_pc_req . in std_logic;
pc_to_sp :in std_logic_vector(9 downto 0);
pc_to_sp_|I :in std_logic_vector(9 downto 0);
pc_sp_ack :out std_logic;
sp_to_pc :out std_logic_vector(9 downto 0);
sp_to_pc_| :out std_logic_vector(9 downto 0));

end component;

signal a_to_alu,a_to_alu_l,a_to_r0,a_to r0_l,a_to shf,a to_shf I: std_logic_vector(7 downto 0);

signal wr_a_ack,zero,zero_l, carry_out,carry_out_l,alu_ack: std_logic;

signal add,sub,orr,andd,xorr, out_to_a,pc_rom_reg,pc_inc_req : std_logic;

signal pc_sp_req,a_alu_req,a_ram_req,a_r0_req,a rl req :std logic;

signal r0_ram_req,rl_alu_reg,rl_a_req,rl_ram_req,ir_pc_req : std_logic;
signal send_to_pc,r0_alu_req,r0_a_req ,data_alu_req,data_a req : std_logic;
signal do_shl,do_shr,a_shf_req,shf a req, sp_pc_req,ir_alu_req : std_logic;
signal data_ram_ack, ir_ram_req,ir_a_req,ram_read,ir_clt_ack : std_logic;
signal data_to_alu_l,data_to_a,data_to_a | : std_logic_vector(7 downto 0);
signal ir_to_alu,ir_to_alu_l,ir_to a,ir_to_a_lI . std_logic_vector(7 downto 0);
signal ir_to_ram,ir_to_ram_l,ir_to_pc,ir_to_pc_| : std_logic_vector(9 downto 0);
signal alu_to_a,alu_to_a_l,opcode,data_to_alu : std_logic_vector(7 downto 0);
signal pc_to_sp,pc_to_sp_l,pc_to_rom,pc_to_inc :std_logic_vector(9 downto 0);
signal pc_inc_ack,a_r0.ack,a_rl_ack.-wr_pc_ack,wr_inc_ack : std_logic;
signal pc_out,pc_out_| , pc_to_inc_I: std_logic_vector(9 downto 0);

signal r0_to_a,r0_to_a_I,rl to a,rl _to_a | : std_logic_vector(7 downto 0);
signal r0_to_ram,r0_to_alu,r0_to_alu_l : std_logic_vector(7 downto 0);

signal r0to_ram_I,r1 to_ram_I : std_logic vector(9 downto 0);

signal r1_to_ram,rl_to_alu,rl_to alu_l: std_logic_vector(7 downto 0);

signal ram_to_data,ram_to_data_| - std_logic_vector(7 downto 0);

signal ram_addr  : std_logic_vector(9 downto 0);

signal ram_ack_addr,ram_ack_data. wr_ram_ack,ram_re,ram_we : std_logic;
signal rom_re,ack_rom_addr, shift_ack .pc_sp_ack : std_logic;

signal data_rom,data_rom_I : std_logic_vector(15 downto 0);

signal shf_to_a,shf_to_a_l. ram_data_wr : std_logic_vector(7 downto 0);

signal sp_to_pc,sp_to_pc_l,rom_addr : std_logic_vector(9 downto 0);

------------------------- V151V o] = ) 7 ————
component rom_vhd
port ( clk :in std_logic;
addr :in std_logic_vector(9 downto 0);

en :in std_logic;



begin
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dout :out std_logic_vector(15 downto 0));
end component;
component ram_vhd

port ( clk . IN std_logic;
addr - IN std_logic_VECTOR(9 downto 0);
en . IN std_logic;
we . IN std_logic;
din - IN std_logic_VECTOR(7 downto 0);
dout : OUT std_logic_VECTOR(7 downto 0));

end component;
component decode_7seg

port( reset | :instd_logic;

clk - in std_logic;

data_show :in std_logic_vector(7 downto 0);
position :in std_logic_vector(9 downto 0);
show :in std_logic;

show_input :in std_logic;

debug_dat »in std_logic_vector(15 downto 0);
to_7seg > out std_logic_vector(7 downto 0);
seg_en :out std_logic_vector(3 downto 0));

end component;
component gen_strobe is

port( rom_ack_addr . in std_logic;
ram_ack_addr . in std_logic;
ram_ack_data »in std_logic;
clk : in std_logic;
reset_| 2 instd_logic;
rst_async :out std_logic;
ack_rom_addr :out std_logic;
ack_ram_addr > out std_logic;
ack_ram_data :out std_logic);

end component;
component mux_ram_data is

port( switch :in std_logic_vector(7 downto 0);
ram_addr :in std_logic_vector(9 downto 0);
ram_we :in std_logic;
ram_data_rd :in std_logic_vector(7 downto 0);
ram_data »out std_logic_vector(7 downto 0));

end component;

component bufgp

port( i :in std_logic;
0 :out std_logic);

end component;

signal debug_dat,rom_data : std_logic_vector(15 downto 0);
signal ram_data,ram_data_rd : std_logic_vector(7 downto 0);
signal clk,ack_ram_addr,ack_ram_data : std_logic;

use_a: a port map( rst_async,a_alu_req,a_ram_req,a_r0_req,a_rl_req,a_shf req,

alu_to a,alu.to_a I,r0 to_a,r0_to a I,rl to_a,rl to a I,
data_to_a,data_to_a l,ir_to_a;ir_to a l.shf to a,shf to a I,
a_to_alu,a_to alu l,a to r0,a to r0 l,a to rl,a to rl |,
a_to_ram,a_to_ram_l,a_to_shf,a_to_shf _l,wr_a_ack,zero,zero_l);

use_alu: alu port map( a_to_alu,a_to_alu_l,data_to_alu,data_to_alu_I,r0_to_alu,

r0_to_alu_l,rl_to_alu,rl_to_alu_l,ir_to_alu,ir_to_alu_l,add,sub,
orr,andd,xorr,carry_out,carry_out_l,aluout,aluout_l);

use_ctl: ctl port map( rst_async,opcode,carry_out,carry_out_I,zero,zero_l,ir_ctl_ack,

wr_a_ack,wr_pc_ack,wr_inc_ack,pc_inc_ack,a_ro_ack,a_rl_ack,
data_ram_ack,pc_sp_ack,wr_ram_ack,alu_ack,shift_ack,add,
sub,orr,andd,xorr,out_to_a,pc_rom_req,pc_inc_req,pc_sp_req,
a_alu_req,a_ram_req,a_r0_req,a_r1_req,a_shf _req,shf_a_req,
do_shl,do_shr,send_to_pc,r0_alu_req,r0_a_req,r0_ram_req,
rl_alu_req,rl_a_req,r1_ram_req,data_alu_req,data_a_req,
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sp_pc_req,ir_alu_req,ir_a_req,ir_ram_req,ir_pc_req,ram_read);
use_data_reg: data_reg port map(rst_async,ram_to_data,ram_to_data_|I,
data_alu_req,data_a_req,data_ram_ack,data_to_a,
data_to_a_l,data_to_alu,data_to_alu_lI,
use_ir: ir port map( rst_async,data_rom,data_rom_l,ir_alu_req,ir_a_req,ir_pc_req,
ir_ram_req,ir_ctl_ack,ir_to_alu,ir_to_alu_l,ir_to_pc,ir_to_pc_|I,
ir_to_a,ir_to_a_l,ir_to_ram,ir_to_ram_l,ir_to_pc,ir_to_pc_l);
use_mux_output: mux_output port map(rst_async,aluout,aluout_l,out_to_a,alu_to_a,
alu_to_a_l,alu_ack);
use_pc : pc port map( rst_async,pc_inc_req,pc_sp_req,pc_out,pc_out_l,sp_to_pc,
sp_to_pc_l,ir_to_pc,ir_to_pc_Il,pc_to_sp,pc_to_sp_l,pc_to_rom,
pc_to_inc,pc_to_inc_l,wr_inc_ack,wr_pc_ack);
use_pc_inc : pc_inc port map(rst_async,send_to_pc,pc_to_inc,pc_to_inc_lI,
pc_inc_ack,pc_out,pc_out_l);

use_r0: r0 port map( rst_async,r0_ram_req,r0_alu_req,r0_a req,a to r0,a to r0_lI,
a_r0_ack,r0_to_a,r0_to a I,r0_to _ram,r0_to_ram_I,r0_to_alu,
r0_to_alu_l);

use_rl: rl port map( rst_async,r1_ram_req,rl_alu_req,rl_a_req,a_to_rl,a_to rl_I,
a_rl_ack,r1l_to a,rl_to a I,rl to_ram,rl_to_ram_lrl_to_alu,
rl_to_alu_l);

use_ram_mmu: ram_mmu port map(rst_async,ir_to_ram,ir_to_ram_I,r0_to_ram,
r0_to_ram_I,r1_to_ram,rl_to ram_l,a_to_ram,
a_to_ram_|,ram_read,ack_ram_addr,
ack_ram_data,ram_ack_addr,ram_ack_data,
ram_to_data,ram_to_data_I,wr_ram_ack,
ram_addr,ram_re,ram_we,ram_data,ram_data_wr);
use_rom_mmu: rom_mmu port map(rst_async,pc_to_rom,rom_data,ack_rom_addr,
rom_re,rom_addr,data_rom,data_rom_l);
use_shift: shift port map( rst_async,do_shr,do_shl,shf_a_req,a to_shf,a_to_shf I,
shift_ack,shf_to_a,shf_to_a_l);
use_sp: sp port map( rst_async,sp_pc_req,pc_to_sp,pc_to_sp_l,pc_sp_ack,
sp_to_pc,sp_to_pc_l);

-- Out Side Asynchronous CPU

use_decode_7seg: decode_7seg port map( reset_I,clk,ram_data_wr,ram_addr,
ram_we,show_input,debug_dat,to_7seg,seg_en);

debug_dat <="00000000" & switch;

use_rom_vhd: rom_vhd port map(rom_addr,clk,rom_re,rom_data);

use_ram_vhd: ram_vhd port map(ram_addr,clk,ram_data_wr,ram_re,ram_we,ram_data_rd);

use_gen_strobe: gen_strobe port map(ram_ack_addr,ram_ack_data,pc_rom_reg,clk,
reset_l,rst_async,ack_rom_addr,ack_ram_addr,
ack_ram_data);

use_mux_ram_data: mux_ram_data port map(switch,ram_addr,ram_we,ram_data_rd,ram_data);

use_bufgp: bufgp port map(gclk,clk);

led(1 downto 0) <="11";
led(3) <=rst_async;
led(2) <= keep_fin;

-- DEBUG
we_ram <='ram_we;
addr_ram <=ram_addr;
datwr_ram <= ram_data_wr;
datrd_ram <= ram_data_rd;
addr_rom <=rom_addr;
dat_rom <=rom_data;

end rtl



1,"Rs","R0O","R1","RX"

* NUM START LENGTH  EXP

1L s 8,

2, 14, 2

3, 6 10
*
1, A#{1}°0000:
2 A{2}10400:
3, A.@{3}"0800:
4, A,@{2}"0C00:
5, {3}°0000:
6, AN0000:
*
ST [240000: ST
ST [340000: ST
ST 1470000: ST
LD |171000: :LD
LD [2+1000: | LD
LD [3%1000: | LD
LD |471000: | LD
sL 16°2000: SL
SR 16°2800: SR
AND  [1%3000: : AND
AND  [2°3000: : AND
AND  [3"3000: : AND
AND  [4"3000: | AND
OR  [1%4000: | OR
OR  [2/4000: | OR
OR  [3"4000: | OR
OR  [4%4000: | OR
XOR  [175000: | XOR
XOR  [2/5000: | XOR
XOR  [3"5000: | XOR
XOR  [4"5000: | XOR
SUB  |1%6000: :SUB
SUB  [2/6000: 1 SUB
SUB  [3"6000: ; SUB
SUB  [4%6000: 1 SUB
ADD  [177000: : ADD
ADD  [2°7000: . ADD
ADD  [3°7000: . ADD
ADD  [4°7000: . ADD
4 [5°8000: 13z
INZ  [5"8400: 1 INZ
ic [5°8800: 1 3C
INC  [5"8C00: 1 INC
JMP  [5%9000: : IMP
CALL  [5"9400:
RET  "9800: | RET

AMANUIN A

Q 1 o
MNTINTNRRTIURN
LOW HIGH COMMENT
#, 0, 255 ; Immediate Value
@1, 0, 3 ; Register
#, 0, 1023 ; Direct Addressing

; DES#SRC (Immediate Operand)

; DES,SRC (Register Operand)

; DES,@SRC (Direct Addressing Operand)

; DES,@SRC (Register Index Addressing Operand)
; SRC (jnz,jz,jc,jnc)

; SRC (Shift Left, Shift Right)

ARO
A,@033H
A @RO

A#33H
A,RO

A, @033H
A,@RO

A
A

A#33H
ARO
A,@033H
A@RO

A#33H
ARO
A,@033H
A @QRO

A#33H
A,RO

A, @033H
A@RO

A#33H
ARO
A,@033H
A @RO

A#33H
A,RO

A, @033H
A,@RO

LABEL2
LABEL?2
LABEL2
LABEL2
LABEL1

; CALL LABEL1



AANUIN 3

1 Il
Iﬂ‘i‘LLﬂ‘i‘N‘Vi’] ANTINNA BN
CPU "CPU.TBL"
HOF "BIN8"
WDLN 2
;M(0) =TEMP OF DATA
M(D)  =Qt
M(2) =LOOPCNT
M(3) =03H
;RO =RES (R)
R1 = QUADIANT (Q)
;M(15) =OLD DATA
ORG 0000H
START_PROGRAM:
LD A ,@3FOH i A=DATA
ST A,@00H ; M(00) = DATA - -
ST A,@O0FH : M(15) = DATA -- --
LD A#OTH ; - -
ST A ,@02H ; -- -
LD A, #00H ; -- -
ST ARO ; R=00H -~ Initial -
ST AR1 ; Q=00H -- -
LD A#OFFH : - -
ST A @01H ; Qt = FFH - --
LD A#03H 7 - -
ST A,@03H ; M(03) = 03H - --
CALL KEEP_RES ;
START_DATA_NOT_ZERO:
LD A #80H
AND A,RO i RES >=0?
INZ RES_LESS_ZERO
LD AR1 :RES>=0
SL A
OR A#O1H
ST AR1 ; Q=Q[MSB-1..0] & "1"
XOR A#OFFH ;Q=NOTQ=0t
JMP DO_SAME
RES_LESS_ZERO:
LD AR1 yRES <0
SL A
ST AR1 ; Q = Q[MSB-1..0] & "0" = Qt
DO_SAME:
SL A
SL A
OR A,@03H
ST A@01H 7 Qt = Qt{MSB-2..0] & "11"
CALL KEEP_RES
LD A,@02H
SR A
ST A ,@02H
INZ START_DATA_NOT_ZERO

: DATA = 00H ALREADY
: M(00) = LOOPCNT

; M(01) = Qt

:M(04) =RES

yM(05) =Q

: RO = 04H POINT TO RES

“R1=05H POINT TO Q
’ LD

ST

LD

A#O1IH
A,@00H
ARO

- LOOPCNT = FOH
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ST A @04H ; M(04) = RES

LD A#04H

ST A,RO ; RO =04H POINT TO RES

LD AR1

ST A,@05H :M(05) = Q

LD A #05H

ST AR1 ; R1=05H POINT TO Q
START_DATA_ZERO:

LD A, #80H

AND A,@RO :RES >=0?

INZ RES_LESS 0

LD A @R1 :RES>=0

SL A

OR A#OIH

ST A@R1 ; Q = Q[MSB-1..0] & "1"

LD AH#HOFFH

SUB A @R1

JMP FIND_RES
RES_LESS 0:

LD A @R1 :RES<0

SL A

ST A,@R1 : Q = Q[MSB-1..0] & "0"
FIND_RES:

SL A

SL A

OR A #03H

ST A @01H ; Qt= Qt{MSB-2..0] & "11"

LD A @RO

SL A

SL A

ST A,@RO ; RES = RES[MSB-2..0] & "00"

LD A,@01H

ADD A,@RO

ST A,@RO ; RES =RES + Qt

LD A#01H

XOR A ,@00H

ST A,@00H ; LOOPCNT ="0" & LOOPCNT[MSB..1]

JZ START_DATA_ZERO

- M(00) = LOOPCNT
; M(01) = Qt(h)

; M(02) = Qt(l)
s M(05) =Q
‘Rl ~ =RES(h)
‘RO =RES()
LD A#07H
ST A, @00H
LD A @01H
ST A @02H
LD A@RO
ST ARO
AND  A#80H
3z SIGH_0
LD A #OEFH
SIGH_0:
ST AR1
START 16 _BIT:
LD A#80H
AND AR1 . RES >=0?
INZ  RHIGH_1
LD A.@05H RES>=0
sL A
OR A#01H :Q = Q[MSB-1..0] & "1"
ST A @05H
LD AH#OFCH
ST A @01H : Qt(h) = "FC"

LD A#OFFH
XOR  A,@05H - Qt(l) = NOT Q



JMP SHIFT_Qt

RHIGH_1:
LD A#00H
ST A @01H
LD A @05H
sL A
ST A @05H
SHIFT_Qt:
ST A @06H
sL A
sL A

SR A

SR A

SR A

SR A

SR A

SR A

OR A @01H

ST A,@01H
ADD_RES:

LD AR1

sL A

sL A

ST AR1

LD ARO

SR A

SR A

SR A

SR A

SR A

SR A

OR AR1

ST AR1L

LD ARRO

sL A

SL A

ADD A @02H

ST ARO

INC  ADD_RES_Qt HIGH

LD AH#OIH

ADD ARl

ST AR1

ADD_RES_Qt_HIGH:
LD A @01H

ADD  AR1
ST AR1
CHK_ROUND:
LD A @00H
SR A
ST A @00H
JNZ  START_16 BIT
LD A #80H

AND AR1 i RES >=0?
INZ CONVERT_HEX

LD A#O01H
ADD A,@05H ; Q = Q+"1"
ST A,@05H

; CONVERT HEX TO BCD

; AND SHOW 7 SEGMENT
M(05) =Q

; RO=POINT TO DEC OF Q

: M(06) = DEC OF Q (UNIT PART)
: M(07) = DEC OF Q (TEN PART)
; M(08) = DEC OF Q (Position1)

; M(09) = DEC OF Q (Position2)

; Qt(h) = "00"
yRES <0

:Q = Q[MSB-1..0] & "0"

: Qt(l) = Q[MSB-2..0] & "11"

+ Qt(h) = Qt(1)[7..6]

: RES(I) = RES(l) + Qt

: RES(h) = RES(h) + "1"

- RES(h) = RES(h) + Qt(h)
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; M(0OA) = DEC OF Q (Position3)
; M(0B) = DEC OF Q (Position4)

CONVERT_HEX:

LD A #00H
ST A @08H
ST A @09H
ST A @O0AH
ST A @O0BH
LD A @05H
AND A#OFOH
SR A
SR A
SR A
SR A
ST A,@04H
suB A#0AH
ic Q_LESS_10
CALL DECODE_7SE
ST A,@07H
LD A#OF9H
ST A @06H
IMP BCD_AFTER_POINT

Q_LESS_10:

LD A @04H
CALL DECODE_7SEG
ST A @07H
LD A#OFFH
ST A @06H

BCD_AFTER_POINT:

LD A,@05H
ST AR1

AND A#08H

3z CHK_BIT2
LD A #05H

ST A @08H

CHK_BIT2:

LD A #04H
AND ARL

iz CHK_BIT1
LD A #05H

ST A @09H
LD A #08H

ST ARO

LD A #02H
XOR A,@RO

ST A,@RO

CHK_BIT1:

LD ARL

AND A#02H

3z CHK_BITO

ST ARL

LD A #05H

ST A @O0AH

LD A @09H

ADD ARL

ST A @09H

LD A#01H

ADD A,@08H

ST A @08H
CHK_BITO:

LD A#O1H

AND A,@05H

3z CONVERT_7SEG

LD A #05H

ST A @0BH

LD A #02H

ST ARL

LD A,@0AH

; KEEP UNIT PART OF Q

KEEP "1" AT TEN PART OF Q

; KEEP UNTI PART OF Q

; KEEP "0" AT TEN PART OF Q

yR1=Q

; X =X+0.05

; RO =08H

; X=X+0.2

; R1=02H

: X =X +0.005
; X =X+0.02

; X=X+0.1

; X=X+ 0.0005

; R1=02H
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XOR AR1
ST A,@O0AH ; X=X +0.002
LD A#O0AH
ST AR1 ; R1=0AH
LD A,@09H
ADD A#06H
ST A,@09H ; X=X +0.06
SuB AR1
JC CONVERT_7SEG
ST A @09H
LD A#OIH
ADD A ,@08H
ST A,@08H ; X=X +0.1 (OPTIONAL)
LD A#O7TH
ST A,RO ; RO=07H
CONVERT_7SEG:
LD A ,@08H
CALL DECODE_7SEG
ST A,@08H
LD A,@09H
CALL DECODE_7SEG
ST A @09H
; SHOW VALUE TO 7 SEGMENT
ST A, @3FFH
LD A ,@08H
ST A @3FEH
LD A#TFH
AND A,@07H
ST A,@3FDH
LD A,@06H
ST A,@3FCH
HALT:
LD A,@3FO0H
SuB A,@OFH
Jz HALT

JMP START_PROGRAM

Kk

' RES = RES[MSB-2..0] & DATA[7..6]

: RES = RES + Qt

KEEP_RES:
LD ARO
SL A
ST A,RO
LD A #80H
AND A,@00H
JZ J1
LD A,RO
OR A#01H
JMP J11
J1:
LD ARO
J11:
SL A
ST ARO
LD A,@00H
SL A
AND A #80H
JZ J2
LD A#01
OR A,RO
JMP J22
J2:
LD ARO
J22:

ADD A @01H

*

: RES = RES[MSB-1..0] & "0"
 DATA[MSB] = '1"?

; ** DATA[MSB] = 1" **
- A = RES[MSB-1..0] & 1"

;% DATA[MSB] = 0" **

: RES = RES[MSB-1..0] & "0"

: DATA[MSB] = '1"?

; ** DATA[MSB] = 1" **
; RES = RES[MSB-1..0] & "1"

;%% DATA[MSB] = 0" **
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ST A,RO
LD A,@00H
SL A

SL A

ST A,@00H
RET

' DECODE DATA TO 7SEGMENT
: M(0C) = TEMP

DECODE_7SEG:

ST A @0CH

suB A #00H

INZ VALUE_1

LD A#0COH

IMP END_DECODE
VALUE_1:

LD A#01H

suB A @0CH

INZ VALUE_2

LD A#OF9H

IMP END_DECODE
VALUE_2:

LD A @0CH

suB A#02H

INZ VALUE_3

LD A#0A4H

IMP END_DECODE
VALUE_3:

LD A#03H

SUB A @0CH

INZ VALUE_4

LD A #0BOH

IMP END_DECODE
VALUE_4:

LD A #04H

SUB A @0CH

INZ VALUE_5

LD A #99H

IMP END_DECODE
VALUE_5:

LD A #05H

suB A @0CH

INZ VALUE 6

LD A#92H

IMP END_DECODE
VALUE_6:

LD A,@0CH

SUB A #06H

INZ VALUE.7

LD A#82H

IMP END_DECODE
VALUE_7:

LD A @0CH

suB A#07TH

INZ VALUE_8

LD A #OF8H

IMP END_DECODE
VALUE_8:

LD A @0CH

SUB A #08H

INZ VALUE_9

LD A #80H

IMP END_DECODE
VALUE_9:

LD A #90H
END_DECODE:

RET

END

; RES=RES + Qt

; DATA = DATA[MSB-2..0] & "00";
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