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University of Florida EEL 3701 Drs. Schwartz and Gugel
Department of Electrical & Computer Engineering Revision 0 5-Apr-24
G-CPU Block Diagram
Bi-directional Data Bus /
/
8 8 8
6
IR LD —» IR5:0 Controller MUXA MUXB
CLK — Register MSAL:0
MSBL:0 _ ALU
. MSC3:0
»| IR5:0 > ZFlag |—>
CLK —p N Flag [
—| CLK PC INC [—>
PC LD (UL) —»
—»| Z Flag MAR INC |—» MUXC
(Reset not shown due MAR LD (UL) |—»
to space constraints) —| N Flag X INC [|—»
X LD (UL) —»
Y INC |—» R/-
Y LD (UL) —»
IR LD [—
R/-W /
ADDR SEL1:0 |—» / / o
XD LD |—» ] 8
YD LD |—»
 R-W
Address Bus Program Counter (H/L) Mem Addr Reg (H/L) X Reg Block
AL5:0 Mux 0 | I I
. / 1
/ 2 [ |
16 S| SO3 I Y Reg Block
Note: PC, MAR, X, Y outputs are 16 bits |
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Machine # of
Codes (hex) | Instruction | Operand | Description States
14 SUM BA | none Sum A, B and place in A (inherent addressing) 2
15 SUM_AB | none Sum A, B and place in B (inherent addressing) 2
16 AND BA | none AND A, B and place in A (inherent addressing) 2
17 AND AB | none AND A, B and place in B (inherent addressing) 2
18 OR BA none OR A, B and place in A (inherent addressing) 2
19 OR_AB none OR A, B and place in B (inherent addressing) 2
1A COMA none Complement contents in A (inherent addressing) 2
1B COMB none Complement contents in B (inherent addressing) 2
1c SHFA L none Shift A left by one-bit (inherent addressing) 2
1D SHFA R none Shift A right by one-bit (inherent addressing) 2
1E SHFB L none Shift B left by one-bit (inherent addressing) 2
1F SHFB R none Shift B right by one-bit (inherent addressing) 2
30 INX none Increment X (inherent addressing) 2
31 INY none Increment Y (inherent addressing) 2
Branch Instructions:

Machine #of
Codes (hex) | Instruction | Operand | Description States
20 bb BEQ addrL Branch if A =0, i.e., Z Flag = 1 (absolute addressing) 3
21 bb BNE addrL Branch if A # 0, i.e., Z Flag = 0 (absolute addressing) 3
22 bb BN addrL Branch 'ifA is negative, i.e., N Flag = 1 (absolute 3

addressing)
23 bb BP addrL Branch if A is positive (or zero), i.e., N Flag =0 3

(absolute addressing)

Department of Electrical & Computer Engineering Revision 0 5»Apr»24
Page 1/2 G-CPU Instruction Set
Data Movement Instructions:

Machine # of
Codes (hex) | Instruction Operand Description States
00 TAB none Transfer A to B (inherent addressing) 2
01 TBA none Transfer B to A (inherent addressing) 2
02 mm LDAA #data 8-bit data Load A with immediate data (immediate addr.) 3
03 mm LDAB #data 8-bit data Load B with immediate data (immediate addr.) 3

16-bit Load A with data from memory location addr
04 11 hh
LDAA addr address (extended addressing) 3
16-bit Load B with data from memory location addr
11 hh
03 LDAB addr address (extended addressing) 3
16-bit Store data in A to memory location addr
11 hh
06 STAA addr address (extended addressing) >
16-bit Store data in B to memory location addr
07 11 hh
STAB addr address (extended addressing) >
08 ii jj | LDX #data 16-bit data Load X with immediate data (immediate addr.) 4
09 ii jj | LDY #data 16-bit data Load Y with immediate data (immediate addr.) 4
0A 11 hh | LDX addr 16-bit addr Load X with data frorp memory location addr. 6
(extended addressing)
0B 11 hh | LDY addr 16-bit addr Load Y with data frorp memory location addr. 6
(extended addressing)
8-bit Load A with data from memory location
0c dd LDAA dd.X displacement pointed to by X + dd (indexed addressing) 4
8-bit Load A with data from memory location

D
0D dd LDAA dd.Y displacement pointed to by Y + dd (indexed addressing) 4

8-bit Load B with data from memory location

E
OE dd LDAB dd.X displacement pointed to by X + dd (indexed addressing) 4

8-bit Load B with data from memory location
OF dd
LDAB dd,Y displacement pointed to by Y + dd (indexed addressing) 4
8-bit Store data in A to memory location pointed to
10 dd
STAA dd.X displacement by X + dd (indexed addressing) 4
8-bit Store data in A to memory location pointed to
11
ad STAA dd.Y displacement by Y + dd (indexed addressing) 4
8-bit Store data in B to memory location pointed to
12
ad STAB dd.X displacement by X + dd (indexed addressing) 4
8-bit Store data in B to memory location pointed to
1
3ad STABdd,Y displacement by Y + dd (indexed addressing) 4

Special Notes

1. Z flag and N flag are only set and cleared by the contents in register A.
2. A branch is accomplished by moving the operand address “addr” to the lower byte of the PC.
The upper byte of the PC remains unchanged after a branch.
3. The Branch Instructions use absolute addressing where only the low byte of the address is used
as an operand. If the branch condition is met, the high byte of the PC is unchanged and the low
byte takes the value of the operand (addrL).
4. Explanations of the operands shown in the Machine Codes:
e mm — 8-bit immediate data value
e ii — Low-order byte of a 16-bit data
e jj — High-order byte of a 16-bit data
e 11 — Low-order byte of a 16-bit address
e hh — High-order byte of a 16-bit address
e dd — 8-bit displacement value
e Dbb — Low-order byte of a 16-bit address for a branch instruction
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Special Notes:

1.

MSA[1..0] & MSBJ1..0] are set to
protect registers A & B when these
registers are not in use.

R_/W is always set H (read cycle)
unless otherwise specified in the
ASM chart.

ADDR_SEL is always set to
connect the PC to the Address Bus
(i.e. ADDR_SEL = 00) unless
otherwise specified in the ASM.

Instructions Listed on Next Pages. ..

EEL 3701

Revision 0

G-CPU Controller Flow Charts

000000

IR LD

000001

INC_PC

Drs. Schwartz and Gugel

Instruction
Fetch

Instruction
Decode/Execution
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Data Movement Instructions:
TAB TBA LDAA #data LDAB #data LDAA addr
000000 000001 000010 000011 000100
l l 000010 l 000011 l 000100
A=>B B=>A data=> A data =>B addrL => MARL
INC_PC INC_PC INC PC
l 000101
addrH => MARH
INC PC
l 000110
addr[ ] => A
AddrSel = MAR
v y Yy Yy l » Backto
State0
LDAB addr STAA addr STAB addr LDX #data LDY #data
000101 000110 000111 001000 001001
l 000111 i 001010 l 001101 l 010000 l 010010
addrL => MARL addrL => MARL addrL => MARL data => XL data=>YL
INC PC INC PC INC PC INC PC INC PC
l 001000 l 001011 l 001110 l 010001 l 010011
addrH => MARH addrH => MARH addrH => MARH data => XH data=>YH
INC PC INC PC INC PC INC PC INC PC
lOOlOOl lOOllOO lOOllll
addr[ ] =>B
AddrSel = MAR A =>addr] ] B => addr[ ]
AddrSel = MAR AddrSel = MAR
R /W=0 R /W=0
l l Back to
v v Y State0
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Data Movement Instructions (continued):
LDX addr LDY addr LDAA dd.X LDAA dd,Y LDAB dd, X
001010 001011 001100 001101 001110
lOlOlOO lOllOOO lOlllOO lOllllO l 100000
addrL => MARL addrL => MARL dd => Xdisp dd => Ydisp dd => Xdisp
INC PC INC PC INC PC INC PC INC PC
lOlOlOl lOllOOl lOlllOl lOlllll l 100001
_ _ X[]=>A Y[]=>A X[]=>B
addrH => MARH addrH => MARH
INC PC INC PC AddrSel =X AddrSel =Y AddrSel =X
l010110 lOllOlO
addr[ ] = XL addr[ ] => YL
AddrSel = MAR AddrSel = MAR
INC MAR INC MAR
l010111 lonon
addr+1[ ] = XH addrt1[] => YH
AddrSel = MAR AddrSel = MAR
l l Back to
Y ' » State0
LDAB dd,Y STAA dd,X STAA dd,Y STAB dd, X STAB dd,Y
001111 010000 010001 010010 010011
l 100010 l 100100 l 100110 l 101000 l 101010
dd => Ydisp dd => Xdisp dd => Ydisp dd => Xdisp dd => Ydisp
INC PC INC PC INC PC INC PC INC PC
l 100011 l 100101 l 100111 l 101001 l 101011
Y[]=B
AddrSel —Y A=>X(] A= V] B =X B =)
AddrSel =X AddrSel =Y AddrSel =X AddrSel =Y
R /W=0 R /W=0 R /W=0 R /W=0
l l l l Back to
Y »  State0

University of Florida EEL 3701 Drs. Schwartz and Gugel
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Page 4/6 G-CPU Controller Flow Charts
ALU Related Instructions:
SUM_BA SUM_AB AND_BA AND_AB OR _BA
010100 010101 010110 010111 011000
ASUMB=>A ASUMB=>B AANDB=>A A ANDB=>B AORB=>A
> Back to
State0
OR_AB COMA COMB SHFA_L SHFA_R
011001 011010 011011 011100 011101
o ? ?
Back to
State0
SHFB L SHFB R
011110 011111
B*2=>B B2=B

Back to
State0
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Branch Instructions:
BNE addr
100001
Y N Y N
v 101100 y 101101 v 101110 y 101111
addr => PCL INC PC addr =>PCL INC PC
v A4 v v > Back to
State(
BP addr
100011
Y N Y N
v 110000 v 110001 v 110010 110011
addr=>PCL INC PC addr=>PCL INC PC
v v \ 4 v y Back to

" State0

University of Florida EEL 3701 Drs. Schwartz and Gugel
Department of Electrical & Computer Engineering Revision 0 5-Apr-24
Page 6/6 G-CPU Controller Flow Charts
Additional Instructions:
INX INY
110000 110001
_ Backto
" State0
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REG | ADDR X,Y Disp
Pres State Opcode Flags | Next State Mux Select Control INC SEL PC MAR Loading Regs
PC ADDR | PC MAR X Y
MSA | MSB | MSC IR R | MAR | SEL LD LD LD LD | XD LD

QJ5..0] IR][5..0] ZN DJ5..0] [1..0] | [1..0] [3.0] | LD | /W | XY [1..0] L/U L/U | L/U | L/U | YD LD | Present State Function
000000 ekl ok 000001 01 10 0000 1 1 0000 00 00 00 00 00 00 generic instruction fetch
000001 000000 ok 000000 01 01 0000 0 1 1000 00 00 00 00 00 00 Transfer A to B (TAB)
000001 000001 ok 000000 10 10 0000 0 1 1000 00 00 00 00 00 00 Transfer B to A (TBA)
000001 000010 ok 000010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA #data, state 1
000010 okl ok 000000 00 10 0000 0 1 1000 00 00 00 00 00 00 LDAA #data, state 2
000001 000011 ok 000011 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB #data, state 1
000011 okl ok 000000 01 00 0001 0 1 1000 00 00 00 00 00 00 LDAB #data, state 3
000001 000100 ok 000100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA addr, state 1
000100 okl ok 000101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAA addr, state 4
000101 okl ok 000110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAA addr, state 5
000110 okl ok 000000 00 10 0000 0 1 0000 01 00 00 00 00 00 LDAA addr, state 6
000001 000101 ok 000111 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB addr, state 1
000111 okl ok 001000 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAB addr, state 7
001000 okl ok 001001 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAB addr, state 8
001001 okl ok 000000 01 00 0000 0 1 0000 01 00 00 00 00 00 LDAB addr, state 9
000001 000110 ok 001010 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA addr, state 1
001010 okl ok 001011 01 10 0000 0 1 1000 00 00 10 00 00 00 STAA addr, state A
001011 okl ok 001100 01 10 0000 0 1 1000 00 00 01 00 00 00 STAA addr, state B
001100 okl ok 000000 01 10 0000 0 0 0000 01 00 00 00 00 00 STAA addr, state C
000001 000111 ok 001101 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB addr, state 1
001101 okl ok 001110 01 10 0000 0 1 1000 00 00 10 00 00 00 STAB addr, state D
001110 ek *k 001111 01 10 0000 0 1 1000 00 00 01 00 00 00 STAB addr, state E
001111 okl ok 000000 01 10 0001 0 0 0000 01 00 00 00 00 00 STAB addr, state F
000001 001000 ok 010000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDX #data, state 1
010000 okl ok 010001 01 10 0000 0 1 1000 00 00 00 10 00 00 LDX #data, state 10
010001 okl ok 000000 01 10 0000 0 1 1000 00 00 00 01 00 00 LDX #data, state 11
000001 001001 ok 010010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDY #data, state 1
010010 okl ok 010011 01 10 0000 0 1 1000 00 00 00 00 10 00 LDY #data, state 12
010011 okl ok 000000 01 10 0000 0 1 1000 00 00 00 00 01 00 LDY #data, state 13
000001 001010 ok 010100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDX addr, state 1
010100 okl ok 010101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDX addr, state 14
010101 okl ok 010110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDX addr, state 15
010110 ek *k 010111 01 10 0000 0 1 0100 01 00 00 10 00 00 LDX addr, state 16
010111 okl ok 000000 01 10 0000 0 1 0000 01 00 00 01 00 00 LDX addr, state 17
000001 001011 ok 011000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDY addr, state 1
011000 okl ok 011001 01 10 0000 0 1 1000 00 00 10 00 00 00 LDY addr, state 18
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Page 2/3 G-CPU Controller Next State Table
REG | ADDR X,Y Disp
Pres State Opcode Flags | Next State Mux Select Control INC SEL PC MAR Loading Regs
PC ADDR | PC MAR X Y
MSA | MSB | MSC IR R | MAR | SEL LD LD LD LD | XD LD
QJ5..0] IR][5..0] ZN DJ5..0] [1..0] | [1..0] [3.0] | LD | /W | XY [1..0] L/U L/U | L/U | L/U | YD LD | Present State Function
011001 ekl ok 011010 01 10 0000 0 1 1000 00 00 01 00 00 00 LDY addr, state 19
011010 ik *k 011011 01 10 0000 0 1 0100 01 00 00 00 10 00 LDY addr, state 1A
011011 okl ok 000000 01 10 0000 0 1 0000 01 00 00 00 01 00 LDY addr, state 1B
000001 001100 ok 011100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA dd, X state 1
011100 ek *k 011101 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAA dd,X state 1C
011101 okl ok 000000 00 10 0000 0 1 0000 10 00 00 00 00 00 LDAA dd,X state 1D
000001 001101 ok 011110 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA dd,Y state 1
011110 ek *k 011111 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAA dd,Y state 1E
011111 okl ok 000000 00 10 0000 0 1 0000 11 00 00 00 00 00 LDAA dd,Y state 1F
000001 001110 ok 100000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB dd,X state 1
100000 okl ok 100001 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAB dd,X state 20
100001 okl ok 000000 01 00 0000 0 1 0000 10 00 00 00 00 00 LDAB dd,X state 21
000001 001111 ok 100010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB dd,Y state 1
100010 okl ok 100011 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAB dd,Y state 22
100011 okl ok 000000 01 00 0000 0 1 0000 11 00 00 00 00 00 LDAB dd,Y state 23
000001 010000 ok 100100 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA dd, X state 1
100100 okl ok 100101 01 10 0000 0 1 1000 00 00 00 00 00 10 STAA dd, X state 24
100101 okl ok 000000 01 10 0000 0 0 0000 10 00 00 00 00 00 STAA dd,X state 25
000001 010001 ok 100110 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA dd,Y state 1
100110 ek *k 100111 01 10 0000 0 1 1000 00 00 00 00 00 01 STAA dd,Y state 26
100111 okl ok 000000 01 10 0000 0 0 0000 11 00 00 00 00 00 STAA dd,Y state 27
000001 010010 ok 101000 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd, X state 1
101000 okl ok 101001 01 10 0001 0 1 1000 00 00 00 00 00 10 STAB dd, X state 28
101001 okl ok 000000 01 10 0001 0 0 0000 10 00 00 00 00 00 STAB dd, X state 29
000001 010011 ok 101010 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd,Y state 1
101010 ek *k 101011 01 10 0001 0 1 1000 00 00 00 00 00 01 STAB dd,Y state 2A
101011 okl ok 000000 01 10 0001 0 0 0000 11 00 00 00 00 00 STAB dd,Y state 2B
000001 010100 ok 000000 11 10 0010 0 1 1000 00 00 00 00 00 00 SUM_BA state 1
000001 010101 ok 000000 01 11 0010 0 1 1000 00 00 00 00 00 00 SUM_AB state 1
000001 010110 ok 000000 11 10 0011 0 1 1000 00 00 00 00 00 00 AND BA state 1
000001 010111 ok 000000 01 11 0011 0 1 1000 00 00 00 00 00 00 AND AB state 1
000001 011000 ok 000000 11 10 0100 0 1 1000 00 00 00 00 00 00 OR_BA state 1
000001 011001 ok 000000 01 11 0100 0 1 1000 00 00 00 00 00 00 OR_AB state 1
000001 011010 ok 000000 11 10 0101 0 1 1000 00 00 00 00 00 00 COMA state 1
000001 011011 ok 000000 01 11 0110 0 1 1000 00 00 00 00 00 00 COMB state 1
000001 011100 ok 000000 11 10 0111 0 1 1000 00 00 00 00 00 00 SHFA L state 1
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Page 3/3 G-CPU Controller Next State Table
REG | ADDR X, Y Disp
Pres State Opcode Flags | Next State Mux Select Control INC SEL PC MAR Loading Regs
PC | ADDR | PC MAR X Y
MSA | MSB | MSC | IR | R | MAR | SEL LD LD LD LD | XD LD

QJ5..0] IR][5..0] Z N DJ5..0] [1..0] | [1..0] [3.0] | LD | /W | XY [1..0] L/U L/U | L/U | L/U | YD LD | Present State Function
000001 011101 *k 000000 11 10 1000 0 1 1000 00 00 00 00 00 00 SHFA R state 1
000001 011110 *k 000000 01 11 1001 0 1 1000 00 00 00 00 00 00 SHFB L state 1
000001 011111 *k 000000 01 11 1010 0 1 1000 00 00 00 00 00 00 SHFB R state 1
000001 100000 1* 101100 01 10 0000 0 1 1000 00 00 00 00 00 00 BEQ addr state 1
000001 100000 0* 101101 01 10 0000 0 1 1000 00 00 00 00 00 00 BEQ addr state 1
101100 ek *k 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BEQ addr state 2C
101101 ek *k 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BEQ addr state 2D
000001 100001 0* 101110 01 10 0000 0 1 1000 00 00 00 00 00 00 BNE addr state 1
000001 100001 1* 101111 01 10 0000 0 1 1000 00 00 00 00 00 00 BNE addr state 1
101110 ek *k 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BNE addr state 2E
101111 HoA Ak *k 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BNE addr state 2F
000001 100010 *1 110000 01 10 0000 0 1 1000 00 00 00 00 00 00 BN addr state 1
000001 100010 *0 110001 01 10 0000 0 1 1000 00 00 00 00 00 00 BN addr state 1
110000 okl *k 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BN addr state 30
110001 ek *k 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BN addr state 31
000001 100011 *0 110010 01 10 0000 0 1 1000 00 00 00 00 00 00 BP addr state 1
000001 100011 *1 110011 01 10 0000 0 1 1000 00 00 00 00 00 00 BP addr state 1
110010 ek *k 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BP addr state 32
110011 ek *k 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BP addr state 33
000001 110000 *k 000000 01 10 0000 0 1 1010 00 00 00 00 00 00 Increment X (INX)
000001 110001 *k 000000 01 10 0000 0 1 1001 00 00 00 00 00 00 Increment Y (INY)
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MAR_INC

/MAR_LD_LOWER

/MAR_LD_UPPER

X_INC

/X_LD_LOWER

/X_LD_UPPER

Y_INC

/Y_LD_LOWER

/Y_LD_UPPER

/IR_LD

R_/W

ADDR_SEL1

ADDR_SELO

XD_LD

YD_LD

STATE[5.0]

3

inst1

Program Counter (PC) &

Memory Address Register (MAR) & Index Regs (X,Y)

pc_mar_ix
CLK ADDR[15..0],
/RESET CLK ADDRI[15..0] oo %
DATA[7.0] /RESET PC[15..0] TARTS. o7 %
* PC_INC DATA[7..0] MAR[15..0] I
/PC_LD_LOWER PC_INC X[15..0] SR
/PC_LD_UPPER /PC_LD_L Y[15..0] SOSPT 0T
X_INC /PC_LD_U XDISP[7..0] YDISP[7.0] 7%
/X_LD_LOWER X_INC YDISP[7..0] &%
/X_LD_UPPER X LD_L
Y_INC /IX_LD_U
/Y_LD_LOWER Y_INC
/Y_LD_UPPER NY_LD_L
MAR_INC Y_LD_U
/MAR_LD_LOWER MAR_INC
/MAR_LD_UPPER MAR_LD_L
ADDR_SELO /MAR_LD_U
ADDR_SELA ADDR_SELO
XD_LD ADDR_SEL1
YD_LD XD_LD
YD_LD
inst5

Project: computer
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Controller Input & Output

C

Controller

controller.bdf

ontroller Logic

ADDRESS[13..0

MCLK

address|

clock

CONTROLLER_ROM
13..0]

x32 bits
16384 word

QBT === iSET 0]

inst

Block type: AUTO

{GITBIT ==~ "ABDR_SEL1
{GUFET==S"ABOR SELO

Q5 W€ I ADDRESS13
14!

Q4 RE ADDRESS12
e

Q3 WRE " ADDRESS11
14;

Q2 RS ADDRESS10
14

el ADDRESS9

Qo ADDRESS8

IR5 ADDRESS7

IR4 ADDRESS6

IR3 ADDRESS5

IR2 ADDRESS4

IR1 RS ADDRESS3
|5V

IR0 RS ADDRESS?2
15%

ZERO FLAG "RE_ ADDRESS1
|9V
NEG FLAG W'I; ADDRESS0

19t

File=controller_rom.mif

ASM State Generation

Project: computer

Controller Outputs

Q5
Q4
Q3
57
D2 —°—|m Q2
CLK R 9
3¢
/RESET
BFE
D1 Q1
CLK
3
/RESET
i fc
DF
DO Qo
CLK

4

/RESET

DATA31 R D5
17K

DATA30 e D4
171/

DATA29 R D3
171

DATA28 R D2
17

DATA27 D1

DATA26 DO

DATA25 e MSA1
15K

DATA24 iy MSAQ
15

DATA23 MSB1

DATA22 MSBO

DATA21 MsC3

DATA20 MSC2

DATA19 R MSC1
16‘/

DATA18 R MSCO
16!3/

DATA17 N?1>° /IR_LD
1

DATA16 R R_W
165/

DATA15 WiRg "1 PC_INC
16Y

DATA14 [N MAR_INC
1GL/

DATA13 R X_INC
16!3/

DATA12 e Y_INC
161/

DATA11 R ADDR_SEL1
16L/

DATA10 N ADDR_SELO
16!1/

DATA9 N1>o /PC_LD_LOWER
1

DATA8 N1>0 /PC_LD_UPPER

DATA7 N?1>O /MAR_LD_LOWER
1

DATA6 Nj>o /MAR_LD_UPPER
1

DATAS5 Nj>° /X_LD LOWER,
1

DATA4 Nj>o /X_LD_UPPER
1

DATA3 Nj>c /Y LD LOWER,
1

DATA2 Nj>o /Y LD UPPER
it.all

DATA1 i XD_LD

DATAOQ YD LD

11



Date: April 05,2024

ir.bdf

Instruction Register (IR)

HVeloly fvee
h 7 L : [ 8 -
[CiK I 111 DATAO 21mux - —(L_ DATA3 21mux i I
: IRO IRO IR3 v | | IR3
i /RESET INPUT Y ERN Y
= : VEC IR_LD 5 IR_LD .
TIRID > NPUT | -
L VEG 1 MULTIPLEXER . MULTIPLEXER
i DATA[5..0] — e o CLK P CLK ) Beye)
/RESET /RESET
QOUTLD IR[5..0]
| ;'"\'/'C'C"': ;'"\'/'C'C"':
DATAT Z1mux DFF“’I DATA4 Z1mux DF;;"I
/R_LD NO{T>O IR_LD IR1 v x| | IR1 IR4 v v | | IR4
Nl IR_LD _; © IR_LD _; ©
_ MULTIPLEXER CLEN ) MULTIPLEXER CLEN
CLK ) st O CLK ) O
/RESET /RESET
VCC VCC
DATA2 Z1mux DFFQQEE" DATAS5 Z1mux DF:;@E"
IR2 v v | | IR2 IR5 v v | | IR5
IR LD _; © IR LD _; ©
- MULTIPLEXER CLEN N MULTIPLEXER CLEN
CLK ' ol CLK - o)
/RESET /RESET

Project: computer
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Mux A, Mux B, Reg A, Reg B Block

alu.bdf

Project: computer

Mux C Block
74153 O 161mux 161mux 161mux
MSAQ A e | REGAQ iiEs e . GD - GD
MSA1 CLK MSBO REG MSC3 MSC3 MSC3
P B H *iscs | SEL3 *Fisco | SELS *yisco | SEL3
DATAO — 1GN )(W SEL2 XW SEL2 )(W SEL2
REGAO o 114 O ey *wsco || *rsco || %
REGBO 12 A0 XREGAT_|SEL0 REGA2| | SEL0 REGA3] | SEXC
OUTO 1c3 At B0 REGBT |\ REGBZ | N REGB3 |1V
B1 SUMT SUM2 SUM3
patar 9% ANpT |2 Anpz | |"? ANDs ||
REGAT 20 REG. OR1 ~ OR2 - OR3 -
REGB1 202 1 | REG NEGAT | * NEGAZ |t NEGAS |4
*ouTt 205 *NEGB1 e NEGBZ | o NEGB3 |\
MULTIPLEXER 55 REGAO IN7 REGAT IN7 XM IN7
138 - 116. i i
REGA1 ouTq, ., REGA2: | ouT1 REGA3; | . ouT2 REGA4: | OouT3
) o receo | V] Recet |1 “reeez |ne V]
REGB1 REGB2 REGB3 REGB4
N IN10 IN10 IN10 IN10
Dx—@ IN11 GOx—@ INT1 Dx—@ IN11 Dx—@ IN11
74153 TS —] IN12 —| IN12 ] IN12 —— IN12
»MSAO A b P REGAZ 74153 —{IN13 — IN13 — IN13 — IN13
s MSA1 B CLK »MSBO REG —| IN14 — IN14 —| IN14 —| IN14
—q 16N XM—SB1 — IN15 —IN15 — IN15 —IN15
DATAZ 1C0 194, 198 197. 196,
REGA2 101 DATA2
REGB2 102 A2 REGA2
ouT2 103 oy | A3 REGB2 B2
6 doon ouT2 B3 . 161mux &b 161 mux . i61mux . 6 1mux
DATA3 200 vscs oY *yises N s GN *vses N
REGA3 261 v || REG DATA3 *sco | SER *isca T [SEB c SEL3 SC SEL3
REGB3 202 CLK. REGA3 - REG *usor | SE *iscT | SER2 < SEL2 5 SEL2
Ut G T ce msco | (g Jsco I msco 1S usco 1S
139 MULTIPLEXER e OuT3 REGA4 REGAB, REGAG REGA7
o ; INO REGB5 | 'N° *REGBE, | N° REGB7, | °
»-REGB4._{ INT *o Nt AL =LA I
SUM4 1 \p SUMS ¢ 1), xSUM6 ¢\, SUM7_ i 1\,
AND4 IN3 AND5 IN3 ANDG IN3 AND7 IN3
OR4 IN4. X—SEgA57 IN4 37 IN4. gEéA7 IN4.
74153 o NEQQE NS NEGBS | !N N NS NEGB7! |1
Misat : s S E— x MSBO T REGy REGAT | Ny REGAZ | 7 XREGAs |1 REGAS |7
o 4 . »MSB1 B »REGAS. | yg  our|——QUT4, x—sgggif Ns  outj——QUT5 x—sgggé— e outl—OUT6 X—CR;EGBei e our|—OUT7
DATA4 1co e DATA4 quen YREGES | REGB6. | \° REGB7. | N° e |
REGA4 1c1 REGA4 1co — IN10 IN10 — IN10 IN10
REGB4 1c2 w A4 i REGBA4 1c1 B4 GDX—@- IN11 Dx—@- INT1 GDX—@- IN11 GDx—@- IN11
ouUT4 103 2y A5 oUT4 1C2 1Y B5 | IN12 — IN12 — IN12 —1 IN12
P! - d 20N 1c3 2Y f— —{ IN13 — IN13 —{ IN13 — IN13
DATAS 200 — IN14 —1 IN14 — IN14 — IN14
REGA5 REGA& — IN15 fs —IN15 — IN15 —IN15
2c1 PRN L REGI
REGB5 o2 CLK oK BY - 0 1o 1
ouT5 263
oy MOLTIPLEXER MSC3:0  Selection
0000 REGA
0001 REGB
MSAQ e | REG \isB0 74153 e 0010 Sum(AB)
MEAT B MSB1 CLK 0011 AND(AB)
— 1GN
DATAG e oATAS 0100 OR(AB)
*SEene o r6 XREGAS 0101 COMA
X =2 1c2 1Y
0oUT6 103 MEwY gﬁ$§6 M 0110 COMB
patar 9% z 0111 SHFA_Left
2Cc0 .
REGA7 201 REGA] gégg REG 1000 SHFA_Right
REGB7 202 X REGB? B 1001 SHFB_Left
ouT? 203 »2E8 _Le
7 1010 SHFB_Right
Hag MULTIPLEXER 1; 3 _r_gu_ -
ESET |RESET
Sum & Carry Flag Generation :
. _ OR Generation Negate A Negate B Z & N Flag Generation
Input & Output Signals : -
74383 REGAQ
CIN REGA1
Al REGA2
Bl SUMI SUMO REGA3
A2 sUM2 Sum1 <REGA4
B2 SUM3 SUM. CREGAS
A3 SUM4 SUM3 REGA6
CouTo
BRTAT o1 B3 cour W REGAT
A4
T = G 6] B4
VA LTE 1624 BIT ADDER
REGA7
74283
couto N
REGA4 A
) REGB4 81 suMt SuM4
Debug Signals <REGAS o s UMb
REGBS B2 SUM3 UMG
teuy
T RecArOl REGA6 A3 SUME sSuM7.
REGB6 B3 coUT coyT1
Ad
REGB7 B4
1634 BIT ADDER

13
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Program Counter (PC) & Memory Ad

Memory Address Register

dress

pc_mar_ix.bdf

Re

gister (MAR) & Index Regs (X,Y)

f i i Y Displ. Generation
. i Y Index Register X Displ. Generation
Program Counter Register X Index Register g
74283 14283
oL 74161 74161 X LD L 74161 NLD L e CN Yo on
DN
IPC_LI L doN IMAR LD L | qr5y ST ~J L DATAQ A Al XAD YDISPO | |p1 sum |__YAD
;2 2 A bC DATAQ A MARO DATA1 . oalX0 DATAT 5 oA zg —B1 sumt i ——7 vi el va
DATA? e o PC Baras 4 an MAR1 DATA2 c sl X1 DATAZ c 87 D 7Y YDISP1 | g, sums | YA2
e c o B DaTAZ c a8 VARZ DATA3 . o x2 DATA3 ° acl—22 e s Yo | S vas
° PC o ac MARS X3 L EnT a YDISP2
L - ENT Qb Y_TCO XDISP2_ | |gs  cour|— Y02 | 183 couT [ —
PC INC Ju ::; Rgg PC. TCO MAR ING [ | E:; Rgg MAR_TCO. X_INC é_ . RCO X _TCQ 7}%’;‘% é_ ENP RCO 5 o V3 - At
/RESET L d cLry RESET | dGira % [RESET L4 cigy *——=>=———Q CLRN XDISP3 | |g, YDISP: B4
CLK 4 BIT ADDER
CLK CLK 4 BIT ADDER 140,
CLK CLK CLK CLK LK COUNTER o
3 COUNTER 171 COUNTER 123 COUNTER 127
74161 SN CIN
74161 Y4
74161 74161 /X LD L « Y DL g5y X4 a1 At
[PC LD L L TN IMAR LD L | ion *—ntaa N DATA4 A XDISPA | o1 st | XA4 YDISPA | g; gy | YA4
DATA4 A DATA4 A A x4 DATA5 Ya e XA Y5 a2 som|__YAS
A5 PC: MAR4 DATAS B QA B QA S A2 SUM2 YA6
DAT, B oA DATAS B o X5 DATA6 Y5 XDISP5 XA6 YDISPS | fg,  sums
DATA6 PC ATAG MAR5 DATA6 ¢ a8 c a8 Y5 B2 suM3 VAT
c QB D, c QB X6 DATA7 c X6 XA7 Y6 A3 SUM4
DATAT o ac - DATA7 hod MARG DATA7 o ac o a 7 ——{r s
—{ENT ao £c : ap MART | ENT apb 3 C yTco [ |EN bt Y TC1 W JPISEEm  cour
PC TCO v reo Be,Jet MAR TCO | E:l RCO MAR TCY X160 § o oo X1 RESET © | oy ;EMSW .
/RESET “d cLrRN /RESET CLRN /RESET - CLRN *—ESEL L CLRN % XDISP7 _: |g,
* T CLK 1334 BIT ADDEI
CLK CLK CLK. " CLK CLK CLK
A S cl COUNTER
4 COUNTER 172 COUNTER 124 COUNTER 128
CIN
74161
1 X8
74161 74161 U 7416 N1DU | qon Al YA8
[PC_LD U LN IMAR LD U q7p »XLDU__ qipy X DATAO B SUM1 | XA8 B1  sumt i ——IA8
DATAOQ 0 DATAQ A A v8 X9 XA9 Y9 A2 sum2
DATAI . PC AT A MARS DATAI 5 X8 DATAI 5 aA-—18 M xat0 B2 sums|—YAIO
B QA B QA X9 DATA2 B! YA11
DATA2 c a8 - DATA2 c a8 L e ¢ B0 DATA3 c e v10 X10 A3 suma | XAl Y10 A3 sumd
DATA3 N ac PC DATA3 : P MAR10 DATA3 o o7 o ooyt B3 COUT |
ewr s PC 1 ewr P MAR11 Ter []ET Qb X TS v1c1 L] ::; oo Y TC2 X11 nt Y11
PC_TC1 & lew  reo PC,TC2 MARTC1 & 1o oo MAR TC2, X8 e——few  reo IRESET © 1 5 I
[RESET Q) CLRN /RESET - CLRN 7 CLRN oK 135 4 BIT ADDER
CLK cLK
CLK CLK CLK CLK CLK — 120 COUNTER
2. COUNTER 173 COUNTER 125 COUN .
Y12
74161 X12 A
74161 74161 74161 /Y LD U XA12 B1  SuM1 YAL
*¥———==———+C LDN B1 Sum1
PCLDU 5y % IMARLD U 45y Xig;'f&u qee DATA4 A x13 a2 sumz|_LXA13 Y13 A sumz xli
DATA4 A DATA4 A TA5 Y12 XA14. B2 SUM3
DATAS B A o DATAS 5 A ARt DATAS 5 aap——X12 e ° ol v 14 B XAl Y4 A5 sums |__YAI5
DATA6 A6 c a8 Y14 I
DATA7 5 o Ll BQIM N o MAR14 DATA? N ac, 14 L ) ac|— B3 COUT| i 8 cour
PCIS MAR15 L ent ey X15 Jum ap X15 "
i S e @ x1c2 & e ool YIC2 § | ene  Rool— o B
F’g? TgTz oin Fee RESEL R e - Q| CLRN Q| CLRN 4364 BIT ADDER 143 4 BIT ADDER
»IRESET | dcirn — CLRN
CLK
LK cLk dr
QLK CLK CLK CLK = LK ER o XDISP[7..0]
COUNTER 130, COUNTE CLK
33 COUNTER 174___COUNTER 126 X RESET CLK XD[7..0] YDISP(7..0]
. XD LD | IRESET YD[7..0]
Input / Output Signals e XD_LD
. G tion DATA[7..0] YD_LD
Address Selection/Generatio DATA[7..0]
instT
MUX41
——m e
PC1
L 8 o
pea ™ e o T o0 MART2 "
o MAR4 b1 ADDR12
MARQ o1 o ADDR4 XA8 ADDR8 XA1 02
XAQ 02 ADDRQ X:: b2 YAS 2 YA1 03
Y. 03 1
L o T a ADDA-SEL0 o ADDR_SELQ "
_ st .
ADDR_SELQ o ADDR_SELQ . s0
164,
155
MUX41
MOX41 PO o
P
or T PGS 20 Pas o0 MAR13 .
M, o1
MART - LARS o ADDRS A9 o ADDRY Xa13 » ADDR{3
X 02
XA1 o2 ADDR} T b2 VA9 - YA13 o3
YAl 03 K St o3 ADDR_SEL1 o AODE SLLT s
ADDR_SFI1 s Py st ADDR_SEL0 o ADDR_SFL0 s
ADDR_SFI0 © ADDR_SFI 0 © & 1 !
160_ -
ADDR SEL1:0 _Addr Output 15 . L
0 0 PC Register MUX41 LT B
0 1 MAR Register S oce T PC10 ::“ PC14 o0
1 0 X + Displ. PC2 o MARG o MAR10 o MAR14 b1 ADDRIA
! ! ¥+ Disl MAR2 ot a ” ADDRG XA10 - ADDR{0 Xa14 .
XA2 02 ADDRZ - o2 va10 YA14 o
3
YA2 03 -y o3 ADDR_SEL1 o ADDR_SEL1 o
ADDR SFL1 ADDR_SF11 s1 nRinI 0 s1 ADDR_SELQ. “
_SELQ o ADDR_SELQ w ADDR_ so =
BT P ABBR(15. 0] ADDR_ so = s
o MUX41
i MUX41 P — INH
Debug Signals L I e oets o
T {0 pC3 ;:H - 0o MARLL o MAR15 o
QUTBLIT 5% "NARTT5.0] MAR3 o1 MAR?7 b1 11 o1 ADDR11 XA15 02 ADDRY5
e s R XA3 - ADDR; XA 02 ADDBY ALt 02 vAlS ”
— L YA3 b3 YA 3 ADDR_SEL1 o ADDR_SEL1 51
e L 0] ADDR_SEL1 o ADDR_SEL1 st ADDR SELD s ADDR_SELO
T s TS A ADDR_SELQ. - ADDR_SELQ 0 — msn
162

Project: computer
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X Displacement Register (XDR)

xdr_ydr

j oLk — s
{IRESET INBUT % vcc“
i CO—Vee 21mux 11?'_
T RBUT ] XDO A 5FETS
i X0 Co—Vee
DATAO B v PRN XDO0
D
o <PXBLD o s SR
; : MULTIPLEXER
{ DATA[T..0) e — LK i R e " in
OUTBUT ™ == 57 0]
i /RESET
QEEL:) YD[7..0]
XD1 - 21mux
DATA1 B v XD1
XD_LD N /XD_LD
——s
Yo.LD Mo /¥D_LD .. MULTIPLEXER |
CTAM— TVEET
21mux AT |
XD2 BEF
A é
DATA2 B v PRN XD2
b~ o
——|s o
9. MULTIPLEXER | CLRN
21 Q
21mux e
XD3 BEF
A ®
DATA3 B v PRN XD3
b~ o
®-0x S o
{10 MULTIPLEXER | CLRN
22 O
21mux et
XD4 OFF b
A
DATA4 5 v v | | XD4
LI
S [ S
1. MULTIPLEXER | CLRN
23
21mux eoy
XD5 A DFFZS-I_
DATA5 5 v 2 x5
b~ o
|5 [ S
2. MULTIPLEXER | o
24 O
21mux ol
XD6 FE
A
DATA6 5 v = XD6
b~ o
s [ S
26, MULTIPLEXER | CLRN
28 O
21mux ey
XD7 A DFF31_'_®
DATA7 5 v PR XD7
b~ o
s ERS
29 MULTIPLEXER | o
33 @

xdr_ydr.bdf
Y Displacement Register (YDR)

ik
21mux R
YDO A e
DATAOQO B v PRN YDO
D
MDD o |g BN
g, MULTIPLEXER _—
CLK 54
/RESET
21mux
YD1 A
DATA1 B v YD1
s * |
9. MULTIPLEXER
5 0
21mux Lo
o | L
DATA2 B v PRN YD2
D Q
——|s D
40, MULTIPLEXER _—
56 &
21mux :
Vo8 i s
DATA3 B v PRN YD3
D Q
e s
{41 MULTIPLEXER | _—
57 O
21mux 50 |
YD4 x S50
DATA4 5 v 2 vos
D Q
S L S
42, MULTIPLEXER _—
58
21mux i
YD5 A Br g
DATA5 5 v ey | | YD5
D Q
|5 L
43, MULTIPLEXER _—
59 @
21mux ; 5
o5 - K
DATA6 5 v 27 voe
D Q
s oD
44, MULTIPLEXER | _—
60 &
21mux 54 C |
YD7 A DFFSS—I_
DATA? 5 v —2 | vor
D Q
5 BN
45, MULTIPLEXER _—
61

Project: computer
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computer_programming.bdf

computer_programming.bdf

Project: computer

CPU -
‘ xternal Memor
[ pin_ps | MCK e — o — y
—— McikisKEYo MCLK ADDR[15..0] ADDR([12 N BANDY
FRESET ; CLOCK | | MCLK ADDR[15..0] R_nW ADDR[13 R ADDR[12 3&/ |
[Pncio ] e RESETT | ck RW [T DATAT.O] X ADDR14 : ROM_Enable, %~DDRI13] is RAM_Enable
- i L AV ENabe e e
RESET(L) is SWO /RESET DATA[7..0] Al7.00 T ADDR[15 : ADDR[14]
A[7.0] BI7.0] .. R nW A 32 ADDRI15]
L ar
B[7.0] P50
" . PC[15..0] ROM Enable RAM_RD_En
Simulation Only - waris.ol [ xius.0 . -
_ X[15.0] X %ROM _OUT[7..0] w-RAM OUTI7.0] N~ DATA[7.01,0
Use compgter_programmlng.pdf— Y[15.0] — 5__& 1
when flashing to your DE10-Lite STATE[5.0] RE.0L_
IR[5..0] ALU7..0] R_nW
ALU[7.0] X o M RAM_RD_EN
R ——————X
ADDR_SEL[1..0]
/RLD [} XDISP[7.Q RAM Enable Hnstf ...
XDISP[7..0] YDISP[7..
YDISP[7..0] Z FLG . .
ZERO_FLAG N_FLG File=eprom.mif
NEG_FLAG MSCI[3..0] EPROM
X ddress[11.. 7.0
MSC[3.0] X ADDR[11.0] |29 i ar7-o1 ROM_OUT[7,0]
inst9 hd §
o
2 xg
S
CLocK MCLK clock
inst Block type: AUTO
File=sram.mif
dar.0 SR arr-o) RAM_OUT[7,0]
DATA[7..0] % 2 4
Memory Map D e,
EPROM Range = $0000 to $OFFF (read only) ADDR[11..0] S Xg
SRAM Range = $1000 to $1FFF (read/write) ou
MCLK
inst8 Block type: AUTO
REGA LOW NIBBLE REGB LOW NIBBLE S TOWNIBBLE
hex_decoder hex_decoder hex decoder
X_(
R0l 03,0 output[6..0] SaTR 22l i1103.0] outputt 0) Tt pep3 o) input(3..0] output[6..0] ey
IAUIBUT 5 HExo6.0]
inst11 inst16 inst18 'Q'UIE"H_D HEX1[6..0]
REGA HIGH NIBBLE REGB HIGH NIBBLE PCHIGH NIBBLE s > HExXE.0
(AUTBIT ==
hex_decoder hex_decoder HEX3[6.0]
oo hex_decoder jQUIPUT HEX4[6..0]
@ Al7.4] . HEX5[6..0la, B[7..4 . HEX3[6.. .Q.UIBLH_D
» input[3..0] output[6..0] £ input[3..0] output[6..0] k * PC[7..4] input(3..0] outputl6..0] HEX1 [6,,0]x HEX5[6..0]
inst13 inst17 inst19
Page 1 of 1 1 6
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