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ABSTRACT

The purposes of this study were to develop and find the satisfied Users of FPGA Base 8
Bits 16 Instructions Central Processing Unit Design Training Set.

The sample of the study were 12 persons who have finished in bachelor degree that have
knowledge the digital and computer architecture in electronics industrial and institute of
electronics have used FPGA before.

The research is the questionnaire design by asking satisfied of experimenters into training
set and Experiment Sheets. By dividing the sample of this study into 3 groups each group has 4
persons. The sample who have knowledge in digital. The sample who have knowledge in
computer. The sample who have knowledge in digital and computer. This 3 groups have average
4.13,4.03 and 3.90.

The results of this research were the sample of experimenters into training set and testing

report have satisfied in the high level.
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2.4 FPGA A520a XC4000
=1 o o v 9/
FPGA 3200 XC 4000 aziinnuygelums Tdsunsy enmsoussynanisisdaiee 1a
o s
ANNANNITNIINITOONUDY CMOS tag VLSI 1ndseaunisainienisesniuy FPGA 1
< o 9o cg 3}«:} o 9/ YY) o [
Wunanu wai ldsuanmsesnuuutiugiil FPGA luldauiuiusissenusud FPGA
I~ a ] o a A
Wuaaiaenssumsesnuuuuudl amnsadennilioaud RAM @3smsninnn uay
o = a g o 9 a Y] g o ~ a
MandoavuIy IMsiuanus Ddumaduvesdoyaiudaumnn TlUsunsuiamse
[ 1 3 o ] A A 1 = s oa
wavlumsoanuuuansaen ladluedied Tanumuuduge uazidse@niamgaunlums
DONLUUINITAINIADIN (Xilinx Data Book. 1996:241)
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M3 2.1 uansguaniAves FPGA e lunszga XC4000

Max.
Max Logic | Max. RAM Typical Total Number | Decode
Gates Bits Gate Range CLB Logic of Inputs Max.
Device (No RAM) [(No Logic)|(Logic and RAM)*| Matrix Blocks |Flip-Flops| per side | User /O

XC4003E 3,000 3,200 2,000 - 5,000 10x 10 100 360 30 80
XC4005E/L 5,000 6,272 3,000 - 9,000 14 x 14 196 616 42 112
XC4006E 6,000 8,192 4,000 - 12,000 16 x 16 256 768 48 128
XC4008E 8,000 10,368 6,000 - 15,000 18 x18 324 936 54 144
XC4010E/L 10,000 12,800 7,000 - 20,000 20 x 20 400 1,120 60 160
XC4013E/L 13,000 18,432 10,000 - 30,000 24 x24 576 1,536 72 192
XC4020E 20,000 25,088 13,000 - 40,000 28 x 28 784 2,016 84 224
XC4025E 25,000 32,768 15,000 - 45,000 32x32 1,024 2,560 96 256
XC402BEX/XL 28,000 32,768 18,000 - 50,000 32x32 1,024 2,560 96 256
XC4036EX/XL 36,000 41,472 22,000 - 65,000 36x36 .| 1,296 3,168 108 288
XC4044EX/XL 44,000 51,200 27,000 - 80,000 40 x 40 1,600 3,840 120 320
XC4052XL 52,000 61,952 | 33,000- 100,000 | 44 x 44 1,936 4,576 132 352
XC4062XL 62,000 73,728 | 40,000-130,000 | 48 x48 2,304 5,376 144 384

Larger Devices Available in the First Half of 1997 |

* Max values of Typical Gate Range include 20-30% of CLBs used as RAM.
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FPGA uaad 13 lua1s1ai 2.1 uaz 2.2

AT197 2.2 LARIANURUNIY HazLaaIiIILYAd B9 M99 TuI995UDe FPGA XC4000

Design Class Function CLBs Used | XC4000E-3 XC4000E-2 Units
256 x 8 Single Port (read/modify/write) 72 63 80 MHz
32 x 16 bit FIFO
MEmR simultaneous read/write 48 63 80 MHz
MUXed read/write 32 63 80 MHz
9 bit Shift Register (with enable) 5 170 200 MHz
16 bit Pre-Scaled Counter 8 142 170 MHz
16 bit Loadable Counter 8 65 76 MHz
16 bit Accumulator 9 65 76 MHz
8 bit, 16 tap FIR Filter sample rate
Logic parallel 400 55 65 MHz
serial 68 8.1 10 MHz
8 x B Parallel Multiplier
single stage, register to register 73 37 30 ns
16 bil Address Decoder (internal decode) 3 4.7 39 ns
9 bit Parity Checker 1 4.3 2.7 ns

ginsel FPGA  mwsolfuilqalaseadieniolulmilasnmsfaouiledumsassn

@ o @ g g o a 1 4

muludiwes  FPGA  uazanuyludwesiutieunsanudlaodndeg ldnnue &3
3 '

Tnssaisangmuausadon1ddellsunsy msTusunsudoyalminiomsdauag

doya FPGA 12911 1d lnsdeTau Tusunsuiudeyaiivediay s uazdamusonldeniled

a

o Y
ARERIRERLINL:
4
o trj t]j 67 97
Hy DiyHz  [SRiHg EC
Gy —] SR Bypass
L CONTROL
63— Loec P ) %
FUNCTION .1, e D a
ey
Gy —] 1
Locic &5
L] runcrion .__E f0
5 B I I =Ty
AND Y
H1

F¢ — SR Bypass
| contraL
Fa—| Losc ) G

FUNCTION L]
OF
Fp — FIF4
Fy— 1
EC
1 L]

K
(CLOCK)

JEQ"‘IQ,;
z

dg

Multiploxor Controllad
tion P
by Configuration Program X6692



22

2 2.8 TaseadraveeldsunsuTnsestaneanin cLB 1y XC4000

== =

cLe Lt 148 cLB “'l” T! {fﬂ]{ 'i‘ CLB : | LCLB

. k“.

H

cue | (W LW IV [cLs ; cLs cue| (4 [k Ik |cLs

cLB U [cLB IR CcLB

—
cLB CLB CLB f cLe

=" =T

0
=
@
e
=3
0
=
(-]
>
72
e
—

X
o

(9]
=
o]

14
o

NN 2.9 %BULMWL%HWQ%%’IHM@Q XC4000EX

2.5 /M1 VHDL

VHDL 6931910171 VHSIC Hardware Description Language (VHSIC : Very High

TN o A o
Speed Integrated Circuit) mxi‘]umuﬂﬂmﬂﬁﬂuwﬂ‘qummsmwmmmmammmzu‘u

ATMBA N1¥1 VHDL a1M150UsSuunnAnIsumsmaIuuedanin nioszuuasnea ldlay

o 4 [ a o o
M1 VHDL Lﬂuﬂ'l‘]ﬂﬂﬂi3?['?1\1“])’4ﬂﬁi{ﬂﬂiimﬂﬂﬂﬁﬂ'ﬁlﬁjﬂﬁ?ﬁﬁ]i TINIUNIIDDALUD NG

as n’: 1 ! é‘ o o/ 3
HaZIgyuunInon mmmaammﬂﬁmuummq (TN) ‘H?mmmwuuu(BU) THIVVUADU

3 8/
MIBBALVUTLVUATABARIUATYY VHDL THUA0UFITI( Douglas Perry. 1998: 2)

i
2,

Y Y o Y a ¢ & w v
a3190MUUANINANNABINT TnTIwHIZULoMIManms Tunsudilam
= oy 9 A o o
WeugUiuuvesssuundeanis lasly VHDL ivesaeen1siiau
o a 1) w = 4 o
7UAT121299391n01¥1 VHDL 1oy luseduGate as Netlist tiomsilszynd 16
11204M357119U AsndoUaNNgNABY Iasa s luSesveam
75192995934

£

ATTOUMITNOULAZANUYNABINTIZANY

o o y ¥ Y w A g Y o ¢
Hsiesnuuy 13 lddseneudiuasesdug il ussuufauy ol

2.5.1 Insaa@$ 199840181 VHDL



23

b4
o @
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1. Entity @lusuiiimuamsiyennsvesPortaanfuniouendaniely Entity
£
veimuan s wiounawenyiinues Port
" I=<{ ] c!‘. =Y 1 H
2. Architecture AudIUNUITOENANTTUANYDIITINS DI ZUUTNTINS
IFouABNBUDANIUAITAIMUAYDA Entity
=~{ 1 :: 4 o o a o
3. Process iuamvnstuaouiioiMuaddums i
4. Configuration Usgmsniedenlun1sieuse Architecture 11 Entity

-

d &g P o °
5. Package Hlunifudoyaninislaiuysed

LY

=< ' A o o 1 '
6. Library Lﬂuﬂ"ﬁuﬂ‘ﬂ’]ﬂ“ﬁtﬂﬁﬂ’]ﬂ’lﬁ'55\!111@]']\7“]

v
S o w oA

1n3903199990181 VHDL fidAayiicreadau dauusnile Entity 1Az Architecture

Tasea$19ved Entity
entity identifier is
[generic (generic_list)][port (port_list);]
[begin
{passive_concurrent Statement}]

end [entity][entity simple name];

1591519909 Architecture
Architecture identifier of entity name is
Architecture_declarative_part
Begin
All_Concurrent_statement

End [Architecture][ Architecture_simple name];

2.5.2 f190819M 511 VHDL
library IEEE
use IEEE. Std_logic 1164.all;
entity andgate is
port(
a, b :instd logic;

y :out std logic );



24

end andgate;
Architecture andgate _arch of andgate is
Begin
Y <=aandb;
End andgate_arch;
@ 1 o a
vndedn TUsunsuduvuiumslou Tunsumsad1e And Gate v1a 2 DUNG
d 1 @ a N o A v 9
wuNdIiveldsunsulimisseme Library ifusnasgiu EEE dlosnindoanisls

9 '
Type BUA Std_logic INUUTINIWAIWAINYDY Entity 482 Architecture A13718na12'1310

Y
ADUAU

2.5.3 alaamaeulnssads VEDL
M3@ouA1 VEDL dunsodeonldvaroalndasd
1. Behavioural Style architecture Hulnsea %JN‘I?;M?N!.{;JN é’aﬂaﬁﬁu
Architecture behavioural of Function is
Begin
Process (A, B, C) begin
If (A="°0"and B = ‘0’) then
Y <=1’
Elsif C = ‘1’then
Y=
Else
Y <= 0%}
End if;
End Process;

End behavioral,

2. Dataflow Humsiounuumsiau Tasldddamsvnaunsaiends 18nasng
pONNUDY
architecture dataflow of Function is
begin
Y <= ‘1" when(A =0 AND B = ‘0’) OR (C = ‘1");
Else 0%



End dataflow;

3. Structure Style (WumsWonuuuiiulassadia

architecture structure of function is

Signal notA, notB, andSignal : Std_logic;

Begin
I1 : inverter port map (I => A, 0 => notA);
I2 : inverter port map (I => B, 0 => notB);
Al :and 2 port map (I =>not A , I2 => not B,Y => and Signal);
O1 : or 2 port map (I1 => and Signal, 12 =>C, y =Y);

End structure;
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A150utput Reset Q 19111 0 MIBiauuaa ldfems e 5.3

Input Output
CLR CE D C Q
1 X X X 0
0 X X No Chg
0 1 1 /]\ 1
0 1 0 T 0

NN 5.4 FDCE
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Address Register (AR) 19 CB16CLE
Program Counter (PC) 14 CB16CLE
Data Register (DR) 14 FDSCE
Temporary Register (TR) 1% FDSCE
Instruction Register (IR) 1% FDSCE
Register (R) 19 FDSCE
Accumulator (AC) 14 FDSCE

Zero Flag (Z) 19 FDCE
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Control Unit
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NIIVUHINITNIUVOINUIY Control Unit
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3. 50u§MITUY092995 Timer

4. DOALLVI93 Time Decoder 14
Saqeunsalilfa

1. T1sunsw Xilinx Foundation 2.11

2. YANANARBINITBONUUY CPU ¥11a 8 11

3. m%aﬂ@uﬁama{uazﬁxuuﬂﬁﬁﬁms Windows

4. ORGATE 1 67 (OR2)

5. ANDGATE 1 @7 (AND2)

6. INVERTER 1 #7 (INV)

7. D-Flip flop 1 7 (FDC 1)

MSNINY
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Wi Tuma Control Unit fiis9e1dmun ViDL lumsifiow @1 VHDL gaN19INA1I
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o ! a : <] = 4
7. dmaesiieenuuy i lilsznoudiuasestug Wiiluszuunauysal

1n59a3199990181 VHDL
¥y
A¥1 VHDL Usznaudivdiudidadall
[} ¥
1. Entity VondanisieunePortsnaqwdonvisuanasiia
2. Architecture Uonfisaniilaunssuiiagniolu Entty
8
3. Process THABUNITIINIU
i di =) A 1 . Y] .
4. Configuration Usemewoidonlunsidfeuse Architecture N Entity
o o d { d o
5. Package Wuinudeyaniins 14idudsei

o ! i o o 1 1
6. Library Lﬂumuﬁmmﬁmummmgmmm

@ 1 1

Tnssadraveaniyt VHDL fidioyiiaeadan adauusnile Entity 1ag Architecture

Tn599319904 Entity
entity identifier is
[generic (generic_list)][port (port_list);]
[begin
{passive_concurrent Statement}]

end [entity][entity simple name];

1n598519U849 Architecture
Architecture identifier of entity name is
Architecture_declarative part
Begin
All_Concurrent state:nent

End [Architecture][ Architecture_simple name];

AI0819M 31V VHDL
library IEEE
use IEEE. Std logic 1164.all;
entity andgate is
port(

a, b :instd logic;
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y outstd logic );
end andgate;
Architecture andgate arch of andgate is
Begin
Y<=aandb;
End andgate arch;
nnetis Tdsunsudmuuiiuns@ouTdunsumsa®is And Gate 3w 1 69
Tassahaiunzdonlsen Library (JU11A3§14 IEEE v Tassatrens@ou i

Tassadalusunsuluaoudu

alnams@eulaseadia VEDL
1. Behavioural Style architecture Wulasead Nﬁuﬂamﬂuﬁaﬂaﬁﬁn
Architecture behavioural of Function is
Begin
Process (A, B, C) begin
If (A =0 and B = ‘0’) then
Y <=°1"
Elsif C = ‘1’then
Y <=°1";
Else
Y <=0,
End if;
End Process;

End behavioral;

2. Dataflow Hums@enuuunsioulasldidamsiauasadondidnasns
paNNAY
architecture dataflow of Function is
begin
Y <= ‘1" when(A =0 AND B =‘0’) OR (C =*1");
Else ‘07;

End dataflow;
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3. Structure Style iWums@eunuuiluinsadie

architecture structure of function is

Signal notA, notB, andSignal : Std_logic;

Begin
I1 : inverter port map (I => A, 0 => notA);
12 : inverter port map (I => B, 0 => notB);
Al :and 2 port map (I =>not A, I2 => not B,Y => and Signal);
O1 : or 2 port map (I1 => and Signal, 12=>C, y=Y);

End structure;

A15NABDIN 1 N1585193905 Time Decoder Iaaly VHDL

CLK —

CLR
Time

CLRCEK =i Decoder

mwﬁ 6.1 Time Decoder

g

MIMINUYDI995 29951112995 Decode Fygyrauuniin iWodyanauinudmn

gnusn To vzlantuziu High Faygyreiunitnignil 2 w1 T1 = High gndewn T3 = High

U o

ar

1 g = [~ qu T ¥ 4 1
uazeion lands T7 swndununduanidlu To 8aa%e szauedieiisesn ldvundnnsiins

=

Reset 191 CLR 1ag CLRCLK 141 T0 vz4ilu High n3endugananzisudy

Qs

~ Bl = = ciy
VHDL Dl lums@euiia

library IEEE;

use IEEE.std_logic_1164.all;



entity CLOCK is
port (
CLK: in STD_LOGIC;
CLR: in STD_LOGIC;
T: out STD_LOGIC_VECTGOR (7 downto 0)
);
end CLOCK;
architecture CLOCK _arch of CLOCK is

signal Q,count :integer range 0 to 9;

begin
process(CLR,CLK)
begin
if(CLR="1")then
Q<=0;
elsif(CLK'event and CLK="1")then
if(Q=7)then
Q<=0;
else
Q <=Q+1;
end if;
end if;
end process;
process(Q)
begin

if(Q=0)then
T<="00000001";
elsif(Q=1)then
T<="00000010";
elsif(Q=2)then

T<="00000100";

156
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elsif(Q=3)then
T<="00001000";
elsif(Q=4)then
T<="00010000";
elsif(Q=5)then
T<="00100000";
elsif(Q=6)then
T<="01000000";
else
T<="10000000";
end if;

end process;

end CLOCK_arch;

s

o [ o i
vmsadedydnueivs 1ddegi 6.2

o

U2

Vhdl code

— iR Tl?ﬂ]r

—CLK

LCLOCKCODE

71 6.2 Clock Code

v [l
MNUUTIIATADAT31TN 6.3

. :
eer ——j}_____gfn ol
TCCLK|

OR2

b AND2

’——' 11
L™ conl?eﬂ] el T 7-0]

o [ - L ——— SLE
CLOCKCODE

NN 6.3 Time Code
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AMIMINUVTIZLAAL IARIn15197 6.1

TCCL |TCCLK| CLK | To TI T2 T3 T4 T5 T6 T7
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0 0 ) o 0o 0 1 0o 0 0 o0
0 0 S o 0o 0 0 1 0 0 0
0 0 414 o o0 0 0 0 1 0o 0
0 0 drs 0 0 0 0 0 0 1 0
0 0 416 0 0 0 o0 0o 0 0 1
0 0 e, 1 0 0 0 0O 0 o0 0
0 0 E 0 1 o o o0 0 0 o0
1 0 d19 1 0 0 0 0 0 0 0
0 1 49 I 4@ @8 @ @ 8 & @
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Tuanun 7

3199 Decoder

o

agiszasnnisnaass

I itenswiansihauusaningaes Decoder
2. fmaaessy 185unnuilumsdion vEDL
3. @NI0BONLUVVIINT Decoder 14

4. wommsndszyndly 19 e 18

o

5. enveWanmMseenuuul99s 1asld VEDL

SangUnsaifiaslfam
1. Tisunsu Xilinx Foundation 2.11
2. YANAABINITEONLLY CPU YA 8 n
3. inFesnouiuney aysruuyfiAnts Windows
4. Decoder 1 972
5. Time Code 1 §3(01nluan 6)
6. Stategen 1 7

7. XNOR 1 @7

N15M9U
v

1A Decoder Hiinihillasdagnamndygronniim  sawfudyapanigui

B

1 A

t4 1
7399N119IN1A CPU Unit 1WDM1N1IAIVANMITINNOUYDY CPU Naviua 1agfl 11A Decoder
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g < as a
cpU eonuuieutauiludyanuasin

IR[3..0] +> Decoder

o 00 N N Ut A W N

10
11
12
13
14
E 15

— INOP
— ILDAC
— ISTAC
— IMVAC
— IMVOR
— IJUMP
— IJMPZ
— IPNZ
— IADD
— ISUB
—— IINAC
— ICLAC
— IAND
—— IOR
— IXOR

— INOT

IR[7..4]

£ W\lﬁ 7.1 Decoder
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INPUT OuTPUT
IR INOP ILDAC ISTAC IMVAC IMVOR 1JUMP IJMPZ 1JPNZ
0000 1 0 0 0 0 0
0001 0 1 0 0 0 0
0010 0 0 1 0 0 0
0011 0 0 0 1 0 0
0100 0 0 0 0 1 0
0101 0 0 0 0 0 1
0110 0 0 0 0 0 0
0111 0 0 0 0 0 0
1000 0 0 0 0 0 0
1001 0 0 0 0 0 0
1010 0 0 0 0 0 0
1011 0 0 0 0 0 0
1100 0 0 0 0 0 0
1101 0 0 0 0 0 0
1110 0 0 0 0 0 0
1111 0 0 0 0 0 0
XXXX 0 0 0 0 0 0

A15190 7.1 (n) ATM19I1UYDINTA Decoder
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INPUT ouTPUT
IR E IADD ISUB IINAC IAND IOR IXOR INOT
0000 0 0 0 0 0 0 0
0001 0 0 0 0 0 0 0
0010 0 0 0 0 0 0 0
0011 0 0 0 0 0 0 0
0100 0 0 0 0 0 0 0
0101 0 0 0 0 0 0 0
0110 0 0 0 0 0 0 0
0111 0 0 0 0 0 0 0
1000 1 0 0 0 0 0 0
1001 0 1 0 0 0 0 0
1010 0 0 1 0 0 0 0
1011 0 0 0 0 0 0 0
1100 0 0 0 1 0 0 0
1101 0 0 0 0 1 0 0
1110 0 0 0 0 0 1 0
1111 0 0 0 0 0 0 1
XXXX 0 0 0 0 0 0 0

1NATITNNTNINUVBINA

Uszu20mn WBLEAIDBAN Output 19 CPU e uidafionnut iy

Vv
14995 Decoder IMTAEUAT

Fl'li'l»flﬁ 7.1 (%) 17919711 U0901A Decoder

library IEEE;

port (

entity DECODER is

Decoder

use IEEE.std_logic 1164.all;

o
WINUITNVID

as o

4 o @ AL q Y 9 a 4
IADD LﬂuﬂWﬁﬁWﬁﬂ‘ﬁ CPU U’Jﬂ‘llﬂyﬁﬂ'lﬁﬂmﬁﬁ']ﬁﬂi

IR: in STD _LOGIC_VECTOR (3 downto 0);

IUdIMN IR

ILDAC fufdsndald cpu naadoyadmn13lu Accumulator

un
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E:in STD_LOGIC;

INOP: out STD _LOGIC;
ILDAC: out STD_LOGIC;
ISTAC: out STD_LOGIC;
IMVAC: out STD_LOGIC,;

H

IMOVR: out STD LOGIC;
IJUMP: out STD LOGIC,;
IIMPZ: out STD LOGIC;
IJPNZ: out STD_LOGIC,;
IADD: out STD_LOGIC;
ISUB: out STD LOGIC,;
IINAC: out STD _LOGIC;
ICLAC: out STD_LOGIC;
IAND: out STD LOGIC;
IOR: out STD_LOGIC;
[XOR: out STD_LOGIC;
INOT: out STD LOGIC
%
end DECODER;
architecture DECODER_arch of DECODER is
begin
process(IR,E)
begin
if(E='1")then
case IR is
-0
when"0000"=>INOP<="1"ILDAC<='0,ISTAC<='0;IMVAC<='0;IMOVR<="0";
[JUMP<='0";IIMPZ<='0";IJPNZ<='0;]ADD<='0;ISUB<='0;[INAC<='0',
ICLAC<='0";JAND<='0";JOR<='0";IXOR<='0;INOT<='0";
-1
when"0001"=>INOP<='0"ILDAC<='1ISTAC<='0IMVAC<='0;IMOVR<='0";

LNUMP<='041IMPZ<='0"1JPNZ<='0"IADD<='0",ISUB<='0"; IINAC<='0';
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[CLAC<='0"IAND<='0;IOR<='0";IXOR<='0";INOT<='0";

#20)
when"0010"=>INOP<='0;ILDAC<='0";ISTAC<='1;IMVAC<='0;IMOVR<='0
[TUMP<='0;1IMPZ<="0";IJPNZ<='0";JADD<='0";ISUB<='0;IINAC<='0;
ICLAC<='0";IAND<='0IOR<='0";IXOR<='0";INOT<='0";

=3
when"0011"=>INOP<='0";ILDAC<='0;ISTAC<='0";IMVAC<='1,IMOVR<='0";
IJUMP<='0";IIMPZ<='0;1JPNZ<='0";JADD<='0";ISUB<='0,;IINAC<='0";
ICLAC<='0";JAND<='0;IOR<='0";IXOR<="0";INOT<='0";

-4
when"0100"=>INOP<='0";ILDAC<='0";ISTAC<='0;IMVAC<='0";IMOVR<="1";
JUMP<='0"1IMPZ<='01JPNZ<='0;IADD<='0;ISUB<='0"IINAC<='0";
ICLAC<='0";IJAND<='0";IOR<='0;IXOR<='0";,INOT<='0",

=<
when"0101"=>INOP<='0";ILDAC<='0";ISTAC<='0";IMVAC<='0";IMOVR<='0";
[JUMP<='11JMPZ<='01JPNZ<='0";JADD<='0;ISUB<='0";IINAC<='0";
ICLAC<='0";JAND<='0I0R<='0;IXOR<="0";INOT<='0',

-6
when"0110"=>INOP<='0";ILDAC<='0ISTAC<='0";IMVAC<='0;IMOVR<='0",
[JUMP<='0;IIMPZ<='"1";IIPNZ<='0";]JADD<='0";ISUB<='0"; [ INAC<='0";
ICLAC<='0";JAND<='0";I0R<="0";IXOR<='0";INOT<='0";

=

when"011 1"=>INOP<='0';ILDAC<='6';ISTAC<=‘0';IMVAC<='0';IMOVR<='0';
[JUMP<='0"IIMPZ<='0"IJPNZ<="1";JADD<='0";ISUB<='0";[INAC<='0";
ICLAC<='0;JAND<='0";I0R<='0";IXOR<='0";INOT<='0';

-8
when"1000"=>INOP<='0";ILDAC<='"0,ISTAC<='0;IMVAC<='0IMOVR<='0";
JUMP<='01IMPZ<='0"1JPNZ<="0";]ADD<="1ISUB<='0";IINAC<='0";
[CLAC<='0]JAND<="0"I0R<='0,IXOR<="0";INOT<="0";

-9
when"1001"=>INOP<='0ILDAC<="05ISTAC<='0";IMVAC<='0";IMOVR<=0";

IJUMP<:'O’;IJMPZ<='O' ;JIIPNZ<='0"TADD<='0,ISUB<="1;IINAC<='0,
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ICLAC<='0;JAND<='0";JOR<='0";JXOR<='0";INOT<='0";

--10
when"1010"=>INOP<='0";ILDAC<='0";ISTAC<='0";IMVAC<='0";IMOVR<='0";
IJUMP<='"041JMPZ<='0";IJPNZ<='0;JADD<='0";ISUB<='0";]INAC<='1";
ICLAC<='0JAND<='0";JOR<='0";IXOR<='0";INOT<='0";

-11
when"1011"=>INOP<='0";ILDAC<='0%ISTAC<='0";IMVAC<='0";IMOVR<='0";
[JUMP<='0"1JMPZ<='051JPNZ<='0";JADD<='0";ISUB<='0;[INAC<='0";
ICLAC<='1"JAND<='0";JOR<='0";IXOR<='0";INOT<='0";

-12
when"1100"=>INOP<='0";ILDAC<='04ISTAC<='0";IMVAC<='0";IMOVR<='0';
HUMP<='051IMPZ<="0";IJPNZ<='0";JADD<='0";ISUB<='0";IINAC<='0";
ICLAC<='0IAND<="1";JOR<='0";IXOR<='0";INOT<="0';

-13
when"1101"=>INOP<='0";ILDAC<='04ISTAC<='0";IMVAC<='0";IMOVR<='0";
[JUMP<='0,1JMPZ<='0";IJPNZ<='0";JADD<='0,ISUB<='0";IINAC<='0";
ICLAC<='0JAND<='0";JOR<="1;IXOR<='0";INOT<='0";

-14
when"1110"=>INOP<='0;ILDAC<='0";ISTAC<='0';IMVAC<='0";IMOVR<="0";
IJUMP<='0"1JMPZ<='0";JPNZ<='0;]ADD<="0";ISUB<="0";]INAC<='0";
ICLAC<='0";JAND<='0;I0R<="0"IX0OR<="1";INOT<='0";

--others 15

when others=>INOP<='0";ILDAC<='0,;ISTAC<='0";IMVAC<='0";IMOVR<=0";
[NUMP<='0,1IMPZ<='0";JPNZ<='0";IJADD<='0",,ISUB<='0";INAC<='0";
ICLAC<='0JAND<="0";IOR<="0IXOR<='0";INOT<='1";

end case;

else

INOP<='0"ILDAC<='04ISTAC<='0";IMVAC<='0;IMOVR<='0";
[TUMP<='0"1IMPZ<='0";JPNZ<='0;IADD<='0";ISUB<='"0";]INAC<='0";
ICLAC<='0"IAND<='0";IOR<='0";IXOR<='0";INOT<="0";

end if}

end process;
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end DECODER. arch;
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MINAADIN 2 2925 State Generator
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Vhdl code
-1 HOP MPDI‘_
— D2 ANDA |—
—] BTAC Ll |—o

— MVAC  NAC | ——
— IMOVR JUMPi|—
—— UUMP JuMP2|—
——UMPZ  JUMPI|——
—— UPNI auPZ{|—
— DD JMPZY|—
—5UB JUPZY2|—
— IRAC  JWPZYO——
—{ CLC JUPZNI|—
——IBND  JMPZH2|—
—OR JPNI{|——
—XOR  JPNIYI|—
—— HOT  JPHZY2|—
e R4 JPHIYY[—
—TE JPHZHI | —
—]Ta JPHNINZ[—
—]Ts LoACt)——
—n L0a02|—
—I1 LDACY| =
—Z LDACL |——
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MvaC | —
MOVRY|—

HoR | —

NOT1|—

ontf—
STACH [——
STAC2|—
STacy|——
STACE|——
STACS|—

SuBf|—

XOR1|—

STATEGEN

AN 7.3 State Generator
P o 8/ e o '3
1N3U7 7.3 UAAY State Generator AUMTULAIN VHDL 1udadansinauniy

nye ~
LUAAL IAAINITI9N 7.2
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OUTPUT INPUT
NOP1 INOP ~ T3
LDACI ILDAC ~ T3
LDAC2 ILDAC ~ T4
LDAC3 ILDAC ~ T5
LDAC4 ILDAC ~ Té6
LDACS ILDAC ~ T7
STACI1 ISTAC ~ T3
STAC2 ISTAC ~ T4
STAC3 ISTAC ~ T5
STAC4 ISTAC ~ Té6
STACS ISTAC ~ T7
MVACI IMVAC ~ T3
MOVRI IMVOR ~ T3
JUMPI IJUMP ~ T3
JUMP2 IJUMP ~ T4
JUMP3 JUMP ~ T5
IMPZ1 IIMPZ ~ T3
IMPZY1 UMPZ ~ Z ~ T4
IMPZY?2 IUMPZ ~ Z ~ T5
IMPZY3 IUIMPZ ~ Z ~ T6
JMPZN1 IUMPZ ~ Z1 ~ T4
JMPZN2 IIMPZ, & Z1. & T5
JPNZ1 IIPNZ ~ T3
JPNZY1 [IPNZ & Z1I * T4
JPNZY?2 IUPNZ ~ Z1 ~ TS5
ADDI IADD ~ T3
SUBI ISUB ~ T3
INACI IINAC ~ T3
CLACI ICLAC ~ T3
ANDI IAND ~ T3
ORI IOR ~ T3
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OuUTPUT INPUT
XOR1 IXOR »~ T3
NOT1 INOT ~ T3

**Uuome Fydnyel ~ unuaeln AND
(WU Code VHDL 10619

entity STATEGEN is
port (
T3,T4,T5,T6,T?,INOP,ILDAC,ISTAC,IMVAC,IMOVR,IJUMP,IJMPZ,
IJPNZ,IADD,ISUB,IINAC,ICLAC,IAND,IOR,IXOR,INOT,Z,Z1: in BIT;
NOP1,LDAC1,LDAC2,LDAC3,LDAC4,LDACS5,STACI1 ,STAC2,STAC3,
STAC4,STAC5,MVAC1,MOVR1,JUMP1,JUMP2,JUMP3, JMPZ1 JMPZY1,JMPZY?2,
JMPZY3,JMPZN1,JMPZN2,JPNZ1,JPNZY1 JPNZY2 JPNZY3,JPNZN1,JPNZN2,
ADDI,SUB1,INAC1,CLAC1,AND1,0R1,XOR1,NOT1: out BIT
);
end STATEGEN;
architecture STATEGEN arch of STATEGEN is
begin
NOP1<=INOP AND T3;
LDAC1<=ILDAC AND T3;
LDAC2<=ILDAC AND T4;
LDAC3<=ILDAC AND T5;
LDAC4<=ILDAC AND T6;
LDAC5<=ILDAC AND T7;
STAC1<=ISTAC AND T3;
STAC2<=ISTAC AND T4,
STAC3<=ISTAC AND T5;
STAC4<=ISTAC AND Té6;
STAC5<=ISTAC AND T7;
MVACI<=IMVAC AND T3;

MOVR1<=IMOVR AND T3;
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JUMP1<=1JUMP AND T3;
JUMP2<=IJUMP AND T4;
JUMP3<=IJUMP AND T5;
JMPZ1<=IIMPZ AND T3;
JMPZY1<=IJMPZ AND Z AND T4;
JMPZY2<=IJMPZ AND Z AND T5;
JMPZY3<=IJMPZ AND Z AND T6;
JMPZN1<=IJMPZ AND Z1 AND T4,
JMPZN2<=IJMPZ AND Z1 AND Ts;
JPNZ1<=IJPNZ AND T3;
JPNZY1<=IJPNZ AND Z1 AND T4;
JPNZY2<=]JPNZ AND Z1 AND T5 :
JPNZY3<=IJPNZ AND Z1 AND T6;
JPNZNI1<=IJPNZ AND Z AND T4;
JPNZN2<=IJPNZ AND Z AND T5;
ADDI<=IADD AND T3;
SUBI <=ISUB AND T3;
INAC1<=IINAC AND T3;
CLACI1<=ICLAC AND T3;
ANDI<=]JAND AND T3;
ORI<=IOR AND T3;
XORI1<=IXOR AND T3;
NOT1<=INOT AND T3;

end STATEGEN arch;
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MAP
y y
. S1 2 1 0
Logic
S2 MUX
y
Register
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Z— 1 MUX CLK
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Microcode memory
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WA 8.1 A1 Microsequenser
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MINAaeen 1 MAP vimthinlasseiamdafivnnn R IWduserasias

4 o 1 é L] a :
Multiplexer iH01A9N15H191U08 11 Fai] Code NM5T19TUTIAI5197 8.1

INPUT(IR) OuUTPUT
0000 000000
0001 000100
0010 001000
0011 001100

INPUT(IR) OUTPUT

TR RIRTRN STR Y LatY,



0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

010000
010100
011000
011100
100000
100100
101000
101100
110000
110100
111000
111100

Fﬂ‘iN‘ﬁ 8.1 MINNUVDINIA MAP

1Inm151a@euily VHDL CODE g4
library IEEE;
use IEEE.std_logic_1164.all;
entity MAP1 is
port (
IR: in STD_LOGIC_VECTOR (3 downto 0);

MADDR: out STD_LOGIC_VECTOR (5 downto 0)

);
end MAP1;
architecture MAP1_arch of MAPI1 is
begin
PROCESS(IR)
begin
case IR is
when"0000"=>MADDR<="000000";--0--0
when"0001"=>MADDR<="000100";--1--4

when"0010"=>MADDR<="001000";--2--8
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when"0011"=>MADDR<="001100";--3--12
when'"0100"=>MADDR<="010000";--4--16
when"0101"=>MADDR<="010100";—-5--20
when"0110"=>MADDR<="011000";--6--24
when"0111"=>MADDR<="011100";--7--28
when"1000"=>MADDR<="100000";--8--32
when''1001"=>MADDR<="100100";--9--36
when"1010"=>MADDR<="101000";--10--40
when"1011"=>MADDR<="101100";--11--44
when'"1100"=>MADDR<="110000";--12--48
when"1101"=>MADDR<="110100";--13--52
when"1110"=>MADDR<="111000";--14--56

when others=>MADDR<="111100";--15--60

end case;
end process;
end MAP1 arch;

110 Code VHDL 92 lddgydnyaloanuidagl
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00 Z Zl 1
01 zZ Z1 Z
10 Z Z1 /4
11 Vi Z1 Z)
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176



o ¥ = < F4
‘Lﬂ‘U@lJmﬁﬁJ'lﬂﬂﬁNEJ'IHJUUL‘]J‘HﬂTH’] VHDL ‘ilzvlﬂ
library IEEE;

use IEEE.std_logic_1164.all;

entity MUXZ is
port (
Z:in STD_LOGIC;
Z1:in STD_LOGIC;
S:in STD_LOGIC_VECTOR (1 downto 0);
CON: out STD_LOGIC
);
end MUXZ;

architecture MUXZ_arch of MUXZ is
begin
Process (Z,Z1,S)
begin
if(S="00")then
CON<="1%
elsif(S="01")then
CON<=Z;
else
CON<=Z1;
end if;
end process;

end MUXZ _arch;
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910 Code ¥047181 VHDL fauuannsoaiadudnyel lddag
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MUXZ
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minaaesdl 3 LOGIC Yhmihiudendumemsiduvesdoya niovnmihiiadiosy Switch

1@enN15191 1% 2995 Multiplex 1H2995%191UA 08 09T TMSHIIUE 915197 8.3

BT CON S0 S1
0 0 0 0
0 1 1 0
1 X 0 1

M3199 8.3 MININUUDIAIA LOGIC
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library IEEE;
use IEEE.std_logic_1164.all;
entity logic is
port (
BT: in STD_LOGIC;
CON: in STD_LOGIC;
S: out STD_LOGIC_VECTOR (1 downto 0)
);
end logic;
architecture logic_arch of logic is
begin

Process (BT,CON)



begin
if(BT="0")then

iffCON="0")then

S<="00";
else
S<="01";
end if;
else
S<="10";
end if;

end process;

end logic_arch;

9100181 VHDL dnuuannsaadwdaydnvel lddagy

WA 8.4 LOGIC
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11 maddr Reine Addr Mddr
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library IEEE;

use IEEE.std_logic_1164.all;

entity MUX18to6 is
port (
ADDR: in STD_LOGIC_VECTOR (5 downto 0);
MADDR: in STD_LOGIC_VECTOR (5 downto 0);
REINC: in STD_LOGIC_VECTOR (5 downto 0);
S: in STD_LOGIC_VECTOR (1 downto 0);
REG: out STD_LOGIC_VECTOR(5 downto 0)
);
end MUX18to6;

architecture MUX18to6_arch of MUX18to6 is
begin
Process(S,ADDR,MADDR,REINC)
begin
if(S=""00")then
REG<=REINC;
elsif(S="01")then
REG<=ADDR;
else
REG<=MADDR;
end if;
end process;

end MUX18to6_arch;
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1A15199 8.5 Ausasun1sn1u Iasldniu vEDL 1asetl

library IEEE;

use IEEE.std_logic_1164.all;

entity reg is

port (

REG(I/P) CLK CLR AR(O/P)
Reg - 0 X
Reg T 0 Reg
Reg T 1 0

ﬂ'liNﬁ 8.5 N311191UUDINIA REG

td
@

REG: in STD_LOGIC_VECTOR (5 downto 0);

CLK: in STD_LOGIC;

CLR: in STD_LOGIC;

AR: out STD_LOGIC_VECTOR (5 downto 0)
);

end reg;



architecture reg_arch of reg is
begin
process(CLK,CLR)
begin
if(CLR="1")then
AR<="000000";
ELSE
if(CLK'event and CLK='1")then
AR<=REG;
END IF;
end if;
end process;

end reg_arch;

v
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library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic UNSIGNED.all;

use IEEE.std_logic ARITH.all;

entity INC is
port (
DIN: in STD_LOGIC_VECTOR (5 downto 0);
-- LOAD: in STD_LOGIC;
DOUT: out STD_LOGIC_VECTOR (5 downto 0)
);
end INC;
architecture RTL of INC is
--signal COUNT:STD_LOGIC_VECTOR(5 DOWNTO 0);
-signal COUNT1:STD_LOGIC_VECTOR(5 DOWNTO 0);
begin
DOUT<=DIN+1;
end RTL;
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State Ad | Co |B|A Al Al PP D/ DI Z| T| A P M A O M A
dre | ndi | T/ R| R| R| C| C| R| R| R Al R| C L 1|C|C D

ss | tio PII | DI|D Al D L| D| D UNI|Z R| D

n CIN|TINT C| R U Rl R S| Ul N| O R

JPNZY1 29 |1 J1of1(ofofof1{0j0f0(0j0Ol0O|0O|0O|0O|0O|0O|0O|0O]|O 0| 30
JPNZY2 | 30 |1 J]0jo|o0f0j0|l1|0|0|O|O|L1|0|O|O|O|O|0O|O|O]|O 0| 31
IENZY3 | 31 |1 Jiojojojoj1(o0fo|0|o|l0|O|OflO|O|O|0O|0O|O|O]O 01 1
JPNZNI 45 |1 J10{0j0|j1/0[0O|O|O|OfO|O|OfO|O|O|O|O|O|O|O 0| 46
JPNZN2 | 46 |1 J10{0|0|1]OfO|O|O|O|O|O|O|O|O|O|O|O|O]|O|O 0 1
ADDI1 320 11 J]0oj0|0fl0fO|O|lO|0OfO|1|0|0O|O|1|0|O|lO|lO|O]|O 0] 1
SUBI 36 |1 J]0jojo0j0j0f0|0O|0O|O|1|0O|0O|O|O|1|0|0]O|0O]|O 0 1
INACI 40 |1 Jiojo|ojojojofojo|o|1|0|0fl0OfjO|O|1|0]|0]|0O]O of 1
CLAC1 44 |1 J10{0[0]0O|jO{O|O|O|Of1|0|0O|O|O|O|O|1|0|0]O 01 1
AND1 48 |1 Jlojg|0joj0jojojo|jo|1|0j0({0|0jl0]0l0]1]0]|0 0] 1
OR1 52 11 J]ojojojojofojojojo|1|/0|0flO|O|O|O|O|O|1]|0 0 1
XOR1 56 |1 JIojojoj0jofO|0OjO|Of1]0O 0/{0j0|0|0f0O|O|1 0] 1
NOT1 60 |1 J10j0]0|0j0O|OflO|O|O|1|0|0OflOf|O|0O|0O|0O|O|0O]|O 0] 1
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library IEEE;
use IEEE.std_logic_i164.all;
entity microcode is
port (
Ad: in STD_LOGIC_VECTOR (5 downto 0);
S0: out STD_LOGIC;
S1:o0utSTD LOGIC;

BT: out STD LOGIC;
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ARPC: out STD _LOGIC;
ARIN: out STD_LOGIC;
ARDT: out STD_LOGIC;
PCIN: out STD_LOGIC;
PCDT: out STD_LOGIC;
DRM: out STD_LOGIC;
DRAC: out STD_LOGIC;
IRDR: out STD_LOGIC;
RAC: out STD_LOGIC;
ZALU: out STD_LOGIC;
TRDR: out STD_LOGIC;
ACDR: out STD_LOGIC;
ACR: out STD_LOGIC;
PLUS: out STD_LOGIC;
MINU: out STD_LOGIC;
ACIN: out STD_LOGIC;
ACZO: out STD_LOGIC;
AND1: out STD_LOGIC;
OR1: out STD_LOGIC;
XOR1: out STD_LOGIC;
NOT1: out STD_LOGIC;
MDR: out STD_LOGIC;
TCCLR:out STD_LOGIC;
ADDR: out STD_LOGIC_VECTOR (5 downto 0)
)i

end microcode;

architecture microcode_arch of microcode is

begin

process (Ad)

begin

case Ad is
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when'000000"=>50<='0";S1<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<="(';
PCIN<='0";PCDT<='0";DRM<='0";DRAC<="0";IRDR<="0";RAC<="0";ZALU<='0";
TRDR<='0"; ACDR<="0"; ACR<="0";PLUS<="0";MINU<="0';ACIN<='0";

ACZO<='0';AND1<='0';0R1<="0";XOR1<="0';NOT1<="0'; MDR<="0';
TCCLR<="1";

ADDR<="000001";

-1

when''000001"=>80<="0";S1<="0";BT<="0"; ARPC<="1"; ARIN<='0"; ARDT<="0";--1
PCIN<='0";PCDT<='0'; DRM<="0'; DRAC<="0";IRDR<="0";RAC<='0"; ZALU<="0";
TRDR<='0'; ACDR<="0"; ACR<='0';PLUS<='0';MINU<='0"; ACIN<="0';
ACZO<='0';AND1<='0';0R1<="0";XOR1<="0";NOT1<="0'; MDR<='0';
TCCLR<="0';ADDR<="000010";
-=2
when"000010"=>80<="'0";81<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<="0";--2
PCIN<='1";PCDT<='0"; DRM<='1";DRAC<="0";IRDR<="0";RAC<="0";ZALU<="0";
TRDR<='0'; ACDR<="0"; ACR<="0";PLUS<="0';MINU<="0";ACIN<='0";
ACZO<='0';AND1<='0";0R1<="0';XOR1<="0";NOT1<='0'; MDR<="0";
TCCLR<='0';ADDR<="000011";
-3
when''000011"=>80<="0";81<="0";BT<="1'; ARPC<='1"; ARIN<='0"'; ARDT<="0';--3
PCIN<='0";PCDT<='0";DRM<='0";DRAC<="0";IRDR<='1";RAC<="0";ZALU<="0';
TRDR<='0";ACDR<='0';ACR<="0";PLUS<="0';MINU<="0"; ACIN<="0";
ACZO<="0"; AND1<="0';0R1<="0';XOR1<="0';NOT1<="0'; MDR<='0";
TCCLR<="0'; ADDR<="000000";
-4
when"000100"=>S0<="0";S1<="0";BT<="0"; ARPC<="0'; ARIN<='1'; ARDT<="0';--4
PCIN<='1";PCDT<='0";DRM<='1;DRAC<="0";IRDR<='0"; RAC<='0";ZALU<='0";
TRDR<='0';ACDR<='0";ACR<="0";PLUS<="0";MINU<="'0"; ACIN<="0";
ACZO<='0";AND1<="0";0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0";
TCCLR<='0";ADDR<="000101";
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-8
when'000101"=>80<="0";51<="0";BT<="0";ARPC<="0"; ARIN<='0"; ARDT<="0";--5
PCIN<="1";PCDT<='0";DRM<='1";DRAC<="0";IRDR<="0';RAC<='0";ZALU<='0";
TRDR<=1";ACDR<='0"; ACR<="0"; PLUS<="0";MINU<="0"; ACIN<="0";
ACZO<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<='0";MDR<='(";
TCCLR<="0";ADDR<="000110";
-6
when"000110"=>80<="0";S1<="0";BT<="0'; ARPC<='0"; ARIN<="0"; ARDT<="1";--6
PCIN<='0";PCDT<='0";DRM<="0";DRAC<="0";IRDR<='0";RAC<="0";ZALU<="0";
TRDR<='0";ACDR<="'0";ACR<="0";PLUS<='0";MINU<="0"; ACIN<='0";
ACZO<='0";AND1<="0";0R1<="0";XOR1<="0";NOT1<="'0";MDR<='0";
TCCLR<='0"; ADDR<="000111";
=7
when"000111"=>80<="'0";S1<="0";BT<='0"; ARPC<='0"; ARIN<='0"; ARDT<="0";--7
PCIN<="0";PCDT<='0";DRM<='1";DRAC<="0";IRDR<="0";RAC<="0";ZALU<="0";
TRDR<="0";ACDR<="0";ACR<="0";PLUS<="0";MINU<="'0"'; ACIN<='0";
ACZO<='0';AND1<="0";0R1<="0";XOR1<="0";NOT1<="0';MDR<="0";
TCCLR<="0';ADDR<="100001";
-8
when''001000"=>80<="0";S1<="0";BT<="0";ARPC<="0";ARIN<="1"; ARDT<="0";--8
PCIN<="1";PCDT<='0";DRM<="1";DRAC<="0";IRDR<='0";RAC<="0";ZALU<="0";
TRDR<="0";ACDR<="0"; ACR<="0";PLUS<="0";MINU<="0"; ACIN<='0";
ACZ0O<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<="0";MDR<="0";
TCCLR<="0";ADDR<="001001";
==0
when''001001"=>80<="'0";S1<="0";BT<="0";ARPC<="0";ARIN<="0"; ARDT<='0";--9
PCIN<="1";PCDT<='0";DRM<="1";DRAC<="0";IRDR<='0";RAC<='0";ZALU<="0";
TRDR<='1";ACDR<="0";ACR<="0";PLUS<="0";MINU<="0"; ACIN<='0";
ACZO<="0";AND1<="0";0R1<="0"; XOR1<="0";NOT1<='0"';MDR<='0";
TCCLR<="0"; ADDR<="001010";

--10
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when""001010"'=>S0<='0';81<="0";BT<="0"; ARPC<="0'; ARIN<="0"; ARDT<="1";--10

=11

PCIN<='0';PCDT<='0';DRM<="0'; DRAC<="0";IRDR<="0';RAC<="0';ZALU<="0";
TRDR<='0'; ACDR<='0';ACR<="0";PLUS<="0';MINU<='0"; ACIN<='0';
ACZO<="0'; AND1<='0';0R1<="0';XOR1<="0";NOT1<="0'; MDR<="0";

TCCLR<="0';ADDR<="001011";

when"001011"=>80<='0";S1<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<='0";--11

=12

PCIN<='0";PCDT<="0";DRM<="0";DRAC<="1";IRDR<="0";RAC<="0";ZALU<="0";
TRDR<='0";ACDR<='0";ACR<="0";PLUS<='0";MINU<='0"; ACIN<="0";
ACZO<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<='0";MDR<="0";

TCCLR<='0";ADDR<="100010";

when'"001100"=>80<="0';S1<="0';BT<='0"; ARPC<="0'; ARIN<="0'; ARDT<="0';--12

--16

PCIN<='0';PCDT<='0';DRM<="0";DRAC<="0";IRDR<="0';RAC<='1;ZALU<='0';
TRDR<='0';ACDR<='0'; ACR<="0";PLUS<="0'; MINU<="0"; ACIN<="0';
ACZO<='0";AND1<='0";0R1<="0";XOR1<="0;NOT1<="0"; MDR<='0";

TCCLR<='1";ADDR<="000001"};

when"'010000"=>50<='0";S1<="0";BT<="0";ARPC<="0"; ARIN<='0";ARDT<="0";--16

--20

PCIN<='0';PCDT<='0';DRM<='0";DRAC<="0';IRDR<="0";RAC<="0";ZALU<='0';
TRDR<='0';ACDR<='0'; ACR<='1";PLUS<="0"; MINU<="0"; ACIN<='0";
ACZO<='0';AND1<='0";0R1<="0";XOR1<="0'; NOT1<="0'; MDR<='0';

TCCLR<='1";ADDR<="000001";

when"'010100"=>80<="0';81<='0';BT<="0'; ARPC<="0'; ARIN<="1'; ARDT<="0';--20

--21

PCIN<='0';PCDT<='0';DRM<="1";DRAC<='0";IRDR<="0'; RAC<='0";ZALU<="0';
TRDR<='0'; ACDR<='0'; ACR<="0';PLUS<='0";MINU<="0";ACIN<='0';
ACZ0O<='0';AND1<='0";0R1<="0";XOR1<="0';NOT1<='0"; MDR<='0';

TCCLR<='0';ADDR<="010101";

when"010101"=>50<='0";S1<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<="0";--21



—22

190

PCIN<='0";PCDT<='0';DRM<='1";DRAC<="0;IRDR<="0';RAC<="0';ZALU<="0";
TRDR<="1"; ACDR<='0';ACR<="0";PLUS<="0'; MINU<='0'; ACIN<='0";
ACZO<='0'; AND1<='0";0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0';

TCCLR<='0";ADDR<="010110";

when'010110"=>50<="0";S1<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<="0";--22

24

PCIN<='0";PCDT<="1';DRM<="0';DRAC<='0";IRDR<="0';RAC<="0';ZALU<='0";
TRDR<='0'; ACDR<='0'; ACR<="0";PLUS<="0'; MINU<='0"; ACIN<='0';
ACZO<='0';AND1<='0";0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0";

TCCLR<='1";ADDR<="000001";

when"011000"=>80<="0";51<="1";BT<="0";ARPC<="0";ARIN<="0'; ARDT<="0";--24

--25

PCIN<='0";PCDT<='0';DRM<="0'; DRAC<="0";IRDR<="0';RAC<="0";ZALU<='0;
TRDR<='0';ACDR<='0'; ACR<='0';PLUS<="0';MINU<="0'; ACIN<='0';
ACZO<='0';AND1<='0";0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0";

TCCLR<='0";ADDR<="101001";

when"011001"=>80<='0";S1<="0";BT<="0"; ARPC<="0"; ARIN<='1"; ARDT<='0";--25

--26

PCIN<='0";PCDT<="0";DRM<="1"';DRAC<="0";IRDR<='0";RAC<="0";ZALU<="0";
TRDR<='0";ACDR<="'0"; ACR<="0";PLUS<="0";MINU<="0";ACIN<='0";
ACZO<="0";AND1<="0";0R1<='0";XOR1<="0";NOT1<="0";MDR<="0";

TCCLR<='"0";ADDR<="011010";

when"011010"=>so<="0';Sl<='0';BT<='0';ARPC<='0';ARIN<='0';ARDT<='0';--26

--27

PCIN<='0";PCDT<='0";DRM<="1";DRAC<="0";IRDR<='0";RAC<="0";ZALU<="0";
TRDR<='1";ACDR<='0";ACR<="0";PLUS<='0";MINU<="0"; ACIN<="0";
ACZO<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<="0";MDR<='0";

TCCLR<="0";ADDR<="011011";

when"'011011"=>80<="0';S1<="0";BT<="0'; ARPC<="0"; ARIN<="0'; ARDT<="0';-27

PCIN<="0";PCDT<="1";DRM<='0";DRAC<="0";IRDR<='0";RAC<="0"; ZALU<="0";
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TRDR<='0'; ACDR<='0'; ACR<="0';PLUS<="0"; MINU<="0'; ACIN<="0';
ACZO<='0';AND1<='0';0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0";

TCCLR<='1";ADDR<="000001";

when''011100"=>80<="'1";S1<="0";BT<='0";ARPC<="0"; ARIN<='0"; ARDT<='0";--28

--29

PCIN<='0";PCDT<="0";DRM<="0';DRAC<="0";IRDR<="0";RAC<="0";ZALU<="0";
TRDR<='0"'; ACDR<="0";ACR<="0"; PLUS<='0"; MINU<="0"; ACIN<="0";
ACZO<="0";AND1<="0';0R1<="0";XOR1<="0";NOT1<="'0'; MDR<="0";

TCCLR<='0";ADDR<="101101";

when"011101"=>80<="0";81<="0";BT<="0"; ARPC<='0"; ARIN<='1"; ARDT<="0';--29

--30

PCIN<='0';PCDT<='0'; DRM<="1"; DRAC<='0";IRDR<="0";RAC<="0'";ZALU<='0';
TRDR<='0'; ACDR<='0'; ACR<="0';PLUS<='0"; MINU<="0'; ACIN<="0";
ACZO0<='0';AND1<='0';0R1<="0";XOR1<="0";NOT1<="0'; MDR<="0';

TCCLR<="0";ADDR<="011110";

when"011110"=>80<="'0";S1<="0";BT<='0'; ARPC<="0"; ARIN<='0"; ARDT<='0";--30

-=31

PCIN<='0";PCDT<="'0";DRM<="1";DRAC<="0";IRDR<="0";RAC<="0";ZALU<='0";
TRDR<="1;ACDR<="0"; ACR<="0";PLUS<="0";MINU<='0"; ACIN<='0";
ACZO<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<="0';MDR<='0";

TCCLR<='0";ADDR<="011111"};

when"011111"=>80<="0';S1<='0";BT<="0"; ARPC<='0"; ARIN<="0"; ARDT<="0";--31

=32

PCIN<='0';PCDT<="1";DRM<="0';DRAC<='0';IRDR<='0';RAC<='0';ZALU<='"0';
TRDR<='0'; ACDR<='0'; ACR<="0'; PLUS<='0";MINU<="0";ACIN<="0';
ACZO0<='0';AND1<="0";0R1<="0'; XOR1<="0';NOT1<="0'; MDR<="0";

TCCLR<="1";ADDR<="000001";

when'"100000"'=>50<='0";81<="0';BT<='0"; ARPC<="0'; ARIN<='0"; ARDT<="0';--32

PCIN<='0";PCDT<='0";DRM<="0";DRAC<="0";IRDR<="0";RAC<='0";ZALU<='1";
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TRDR<='0'; ACDR<="0'; ACR<='0';PLUS<='1';MINU<="0'; ACIN<="0';
ACZO<='0';AND1<='0';0R1<="0';XOR1<="0;NOT1<="0'; MDR<="0";
TCCLR<='1;ADDR<="000001";
33
when''100001"=>80<='0';81<="0";BT<="0'; ARPC<="0'; ARIN<="0"; ARDT<='0";--33
PCIN<='0';PCDT<='0'; DRM<='0'; DRAC<="0';IRDR<="0';RAC<="0";ZALU<="0';
TRDR<='0'; ACDR<='1';ACR<='0';PLUS<='0'; MINU<="0'; ACIN<="0';
ACZO<='0';AND1<='0";0R1<="0";XOR1<="0;NOT1<="0'; MDR<="0';
TCCLR<="0'; ADDR<="000001";
~-34
when''100010"=>S0<="0";81<="0";BT<="0'; ARPC<="0'; ARIN<="0'; ARDT<="0";--34
PCIN<='0";PCDT<='0'; DRM<="0';DRAC<="0";JRDR<="0';RAC<='0';ZALU<='"0';
TRDR<='0";ACDR<='0'; ACR<="0';PLUS<="0";MINU<='0'; ACIN<="0';
ACZO<='0";AND1<='0';0R1<="0';XOR1<="0';NOT1<="0'; MDR<="1";
TCCLR<='0'; ADDR<="000001";
--36
when''100100"=>S0<='0';81<="0";BT<="0"; ARPC<="0'; ARIN<="0'; ARDT<="0";—36
PCIN<='0";PCDT<='0'; DRM<="0";DRAC<='0";JRDR<="0';RAC<="0';ZALU<="1";
TRDR<="0";ACDR<='0'; ACR<="0';PLUS<="0; MINU<="1"; ACIN<="0';
ACZO<='0';AND1<="0';0R1<="0'; XOR1<="0;NOT1<="0'; MDR<="0";
TCCLR<="1"; ADDR<="000001";
~-40
when''101000"=>S0<="0';81<='0';BT<="0"; ARPC<="0"; ARIN<='0'; ARDT<="0';--40
PCIN<='0';PCDT<='0';DRM<="0';DRAC<="0";IRDR<='0";RA C<='0";ZALU<="1";
TRDR<='0";ACDR<='0'; ACR<="0';PLUS<="0; MINU<="0'; ACIN<="1";
ACZO<='0';AND1<='0';0R1<="0";XOR1<="0;NOT1<="0'; MDR<='0';
TCCLR<='1"; ADDR<="000001";
--41
when''101001"=>S0<='0';81<="0';BT<="0'; ARPC<='0"; ARIN<='0'; ARDT<="0';--41

PCIN<="1" ;PCDT<="0";DRM<="0";DRAC<="0";IRDR<="0";RAC<='0";ZALU<="0)" ;
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TRDR<='0'; ACDR<='0'; ACR<="0';PLUS<='0'; MINU<="0"; ACIN<="0";
ACZO<="0'; AND1<='0';0R1<="0';XOR1<="0";NOT1<='0'; MDR<="0';
TCCLR<='0'; ADDR<="101010";
42
when''101010"=>80<="0';S1<="0';BT<="0'; ARPC<="0"; ARIN<="0"; ARDT<="0";--42
PCIN<='1";PCDT<='0';DRM<='0'; DRAC<='0';IRDR<="0';RAC<="0';ZALU<='0';
TRDR<='0; ACDR<='0'; ACR<="0"; PLUS<="0'; MINU<="0"; ACIN<="0";
ACZO<='0'; AND1<='0';0R1<="0';XOR1<="0'; NOT1<='0'; MDR<="0';
TCCLR<="1"; ADDR<="000001";
44
when"'101100"=>80<="0";81<="0";BT<="0"; ARPC<="0'; ARIN<='0"; ARDT<="0";--44
PCIN<='0';PCDT<='0'; DRM<='0'; DRAC<="0';IRDR<="0';RAC<="0";ZALU<="1",;
TRDR<='0';ACDR<='0';ACR<="0";PLUS<='0'; MINU<="0'; ACIN<="0';
ACZO<='1";AND1<='0';OR1<="0'; XOR1<="0';NOT1<="0'; MDR<="0";
TCCLR<="1"; ADDR<="000001";
45
when"101101"=>50<="0';81<="0';BT<="0';ARPC<='0"; ARIN<='0'; ARDT<="0';--45
PCIN<='1';PCDT<='0'; DRM<="0'; DRAC<='0";IRDR<="0';RAC<="0;ZALU<="0';
TRDR<='0'; ACDR<='0';ACR<="0";PLUS<='0;MINU<='0'; ACIN<="0';
ACZO<='0';AND1<='0';OR1<="0";XOR1<="0';NOT1<="0'; MDR<="0';
TCCLR<='0'; ADDR<="101110";
—~46
when"'101110"=>80<="0';81<='0";BT<="0'; ARPC<='0'; ARIN<="0'; ARDT<="0";--46
PCIN<='1";PCDT<='0'; DRM<='0'; DRAC<='0";IRDR<="0";RAC<="0";ZALU<="0';
TRDR<='0'; ACDR<="0";ACR<="0';PLUS<='0'; MINU<="0'; ACIN<="0";
ACZO<='0";AND1<="0";0R1<='0';XOR1<='0;NOT1<="0'; MDR<="0';
TCCLR<='1'; ADDR<="000001";
~48
when'"110000"=>80<="0';81<='0";BT<="0'; ARPC<="0'; ARIN<='0'; ARDT<="0';--48

PCIN<='0";PCDT<="0";DRM<="0";DRAC<="()" ;IRDR<="'0";RAC<="0";ZALU<="1";
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TRDR<='0";ACDR<='0";ACR<="'0";PLUS<='0"';MINU<='0"; ACIN<="0";
ACZO<='0";AND1<="1";O0R1<="0";XOR1<='0";NOT1<="0";MDR<='0";
TCCLR<='1"';ADDR<="000001";
--52
when"110100"=>80<="'0";51<="0";BT<="0"; ARPC<="0"; ARIN<="0";ARDT<="0";--52
PCIN<="0";PCDT<="0";DRM<='0";DRAC<='0";IRDR<="0";RAC<='0";ZALU<="1";
TRDR<="0";ACDR<='0"; ACR<="0";PLUS<="0";MINU<="0";ACIN<="0";
ACZO<="0";AND1<="0";0R1<="1";XOR1<="0";NOT1<="0';MDR<="0"; TCCLR<='1
'SADDR<="000001";
--56
when"111000"=>50<="0";81<="0";BT<="0"; ARPC<="0"; ARIN<="0"; ARDT<="0";--56
PCIN<="0";PCDT<="0";DRM<='0"';DRAC<='0;IRDR<="0";RAC<='0";ZALU<='1";
TRDR<="0";ACDR<='0"; ACR<="0";PLUS<="0'; MINU<="0"';ACIN<="0';
ACZO<="0";AND1<="0";0R1<="0";XOR1<="1";NOT1<="0';MDR<="0";
TCCLR<="1";ADDR<="000001";
--60
when"'111100"=>80<='0";51<="0";BT<='0"; ARPC<="0";ARIN<='0"; ARDT<='0";--60
PCIN<='"0";PCDT<="0";DRM<='0"';DRAC<="0";IRDR<='0";RAC<="0";ZALU<="1";
TRDR<='0";ACDR<="0"; ACR<="0";PLUS<="0";MINU<="0"; ACIN<='0";
ACZO<='0";AND1<="0";0R1<="0";XOR1<="0";NOT1<='1";MDR<='0";
TCCLR<="1";ADDR<="000001";
--others
when others=>80<='0";S1<="0";BT<='0"; ARPC<="0"; ARIN<='0";ARDT<='0";
PCIN<='"0";PCDT<='0";DRM<="0";DRAC<="0";IRDR<="0";RAC<='0";ZALU<="0";
TRDR<='0";ACDR<="0";ACR<="0";PLUS<='0";MINU<='0"; ACIN<="0";
ACZO<="0";AND1<="0";0R1<="0";XOR1<="0";NOT1<='0';MDR<='0";
TCCLR<='0";ADDR<="000000";
end case;
end process;

end microcode_arch;
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INPUT OUTPUT

TRBUS LDAC+STAC3+IMPZY 3+JPNZY 3+JUMP3

RBUS MOVRI+ADD1+SUBI+ANDI+XOR1+OR1

PCBUS TO+T2

MEMBUS T1+LDACI+LDAC2+LDACA4+STAC1+STAC2+JUMP1+
JUMP+JMPZY 1+IMPZY2+JPNZY 1+JPNZY?2

DRLOAD DRM+DRAC

DRHBUS LDAC3+STAC3+JUMP3+JMPZY3+JPNZY3

ARLOAD ARPC+ARDT

ALUS7 ANDI1+OR1+XOR1+NOTI

ALUS6 XOR1+NOTI

ALUSS OR1+NOTI1

ALUS4 SUBI+INACI

ALUS2 LDAC5+ADD1+MOVRI1

ALUSI ADDI+SUBI+INACI

ACLOAD ACDR+ACR+PLUS+MINU+ACIN+ACZO+AND11+OR11
XOR11+NOTI11

ACBUS STAC4+MVACI

Gﬂ‘iNﬁ 9.1 LEAAINITNINUVDINIA Line Control
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library IEEE;

use IEEE.std_logic_1164.all;

entity linecon is

port (
ARPC: in STD_LOGIC;
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STAC3: in STD_LOGIC;
JUMP3: in STD_LOGIC;
JMPZY3: in STD_LOGIC;
JPNZY3: in STD_LOGIC;
MOVRI: in STD_LOGIC;
ADDI: in STD_LOGIC;
INACI: in STD_LOGIC;
NOT!: in STD_LOGIC;
XORI: in STD_LOGIC;
XOR11: in STD_LOGIC;
ORI: in STD_LOGIC;
T0: in STD_LOGIC;

T2: in STD_LOGIC;

T1: in STD_LOGIC;
LDACI: in STD_LOGIC;
LDAC2: in STD_LOGIC;
LDAC4: in STD_LOGIC;
STACI: in STD_LOGIC;
STAC2: in STD_LOGIC;
DRM: in STD_LOGIC;
DRAC: in STD_LOGIC;
LDAC3: in STD_LOGIC;
ARDT: in STD_LOGIC;
ANDI: in STD_LOGIC;
LDACS: in STD_LOGIC;
SUBI: in STD_LOGIC;
ACDR: in STD_LOGIC;
ACR: in STD_LOGIC;
PLUS: in STD_LOGIC;
MINU: in STD_LOGIC;

ACIN: in STD_LOGIC;
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ACZO: in STD_LOGIC;
ANDI11: in STD_LOGIC;
ORI11: in STD_LOGIC;
STAC4: in STD_LOGIC;
MVACI: in STD_LOGIC;
NOT11: in STD_LOGIC;
JUMPI: in STD_LOGIC;
JUMP2: in STD_LOGIC;
JMPZY1: in STD_LOGIC;
JMPZY2: in STD_LOGIC;
JPNZY1: in STD_LOGIC;
JPNZY2: in STD_LOGIC;
RBUS: out STD_LOGIC;
PCBUS: out STD_LOGIC;
MEMBUS: out STD_LOGIC;
DRLOAD: out STD_LOGIC;
DRHBUS: out STD_LOGIC;
ARLOAD: out STD_LOGIC;
ALUST: out STD_LOGIC;
ALUSG6: out STD_LOGIC;
ALUSS: out STD_LOGIC;
ALUS4: out STD_LOGIC;
ALUS2: out STD_LOGIC;
ALUS1: out STD_LOGIC;
ACLOAD: out STD _LOGIC;
ACBUS: out STD_LOGIC
);

end linecon;

architecture linecon_arch of linecon is

begin

TRBUS<=(LDAC3 OR STAC3)OR(JMPZY3 OR JPNZY3)OR JUMP3;
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RBUS<=(MOVR1 OR ADD1)OR(SUB1 OR AND1)OR(XOR1 OR OR1);
PCBUS<=T0 OR T2;

MEMBUS<=(T1 OR LDACI1)OR(LDAC2 OR LDAC4)OR(STACI1 OR
STAC2)OR(JUMP1 OR JUMP2)OR (JMPZY1 OR JMPZY2)OR(JPNZY1 OR
JPNZY?2);

DRLOAD<=DRM OR DRAC;

DRHBUS<=(LDAC3 OR STAC3)OR(JUMP3 OR JMPZY3)OR JPNZY3;
ARLOAD<=ARPC OR ARDT;

ALUS7<=(AND1 OR OR1)OR(XOR1 OR NOT1);

ALUS6<=(XOR1 OR NOT1);

ALUS5<=OR1 OR NOT1;

ALUS4<=SUB1 OR INACI;

ALUS2<=(LDAC5 OR ADD1)OR MOVR1;

ALUS1<=(ADD1 OR SUBI1)OR INACI;

ACLOAD<=(ACDR OR ACR)OR(PLUS OR MINU)OR(ACIN OR ACZO)OR
(AND11 OR OR11)OR(XOR11 OR NOT11);

ACBUS<=STAC4 OR MVACI;

end linecon_arch;
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—1XOR11
— XOR1

— SUB1
— ST
—STA2D
—]STAC2
—]STAC
—PLUS
—OR11
— OR1
—qHoim
—— HOT1
— MVaC1
— MOVR1
-~ MIHU
—LDACS
—] DA
——LDAC]
— LDAC2
s L
—JUMF]
—JuUMP2
——JUMP]
——JPHIV]
——UPHIV2
——JPHZY1
—14MPZY]
—JMPZIY2
—] JMPIY]
— IHACH
—— DR
—— DRAC
—— ARRZ
—ARDT
—— AND11
— AND1
—ADD1
—J IO
— MR
— 22N

—4CD0R

TAEBUS
RBUS
PCEBUS
MEMBUS
DRLOWD
DRHBUS
ARLOKD
OLUS?
ALUSS
ALUSS
ALUS
ALUS2]
ALUST
SCLOAD

LCBUS
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H1
TCCLR|
DR MOR
ZnLy) S ZaLd
TROA TRORA
RAL] 7Y
RCDT] 0T
PCIN B Y
IRDR Rpe
ARIH ARiH
XOR1 XOR11
PLUS PLUS
oA OR11
HOT HOT1
WM WINU
Do 3 1 DRA DRM
| NV DRAS DRAC TRBUS|
I — z ARPC ARFE REUS
AROT ARDT PCBUS
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SThC
STHE STHCL
STAC STACD
STHCS STAC2
STACH STeCH
OR{ OR1
HOTH HOT1
HOPI|—
MUAL | Wuac
MOVR WOVA 1
LDACH LDACS
LDAL: LDACA
LDAC LDACD
LDACH LDAC2
LDACA LDAC
JuM JUMED
JuM KTRE
JUMPY JUMPY
JPH, JPHZY]
JPHZVS JPHZY2
JPHTY IPHEYY
JPHZNA—
4| JPHZN|——
JPHZ{[—
z M JMPZY]
JMPIY JUPTY2
TCCLK  JMPZY JMPZY
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TCCL  JMPZNif—o
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e INAC o
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ADD ADD1
MISEQB LINECONTRO
*Bmum
BUSMORL
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DO = P49
Dl = P48
D2 = P47
D3 = P46
D4 = P45
D5 = P44
D6 = P40
D7 = P39

U1 Address A[7..0] JuRtlisfmuaiio 8 1du

A0 = P61
Al = P60
A2 = P59
A3 = P58
Ad = P57
AS = P56
A6 = P51
A7 = P50
U1 zZ = P35
iU BUSMEM = P14
U1 MDR = P37
S| CLR = P38
N CLK = P13
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