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G-CPU Block Diagram
Bi-directional Data Bus /
/
8 8 8
6
IR_LD —¥ IR5:0 Controller MUXA MUXB
CLK — %] .
Register MSAL:0
MSB1:0 : 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) p—»
to space constraints) —| N Flag X INC |—
X LD (UL) b—»
Y INC |—» R/-W
Y LD (UL) —»
IR LD [—>
R/-W /
ADDR SEL1:0 |—» / / o
XD LD |—» 8 8
YD LD |—»
_ RIW
Address Bus Program Counter (H/L) Mem Addr Reg (H/L) X Reg Block
Mux 0 | I
Al5:0 1 I
/ 2 | ‘
16 s1 S0 3 I Y Reg Block
Note: PC, MAR, X, Y outputs are 16 bits |
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ALU Related Instructions:

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 pogitive (or zero), i.e., N Flag =0 3
(absolute addressing)
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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
04 11 hh | LDAA addr 16-bit Load A with data frorp memory location addr 5

address (extended addressing)
05 11 hh | LDAB addr 16-bit Load B with data from memory location addr 5
address (extended addressing)
16-bit Store data in A to memory location addr
11 hh
06 STAA addr address (extended addressing) 3
16-bit Store data in B to memory location addr
07 11 hh
STAB addr address (extended addressing) 3
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
b dd LDAA dd.Y displacement pointed to by Y + dd (indexed addressing) 4
8-bit Load B with data from memory location
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 dd
STAB dd.X displacement by X + dd (indexed addressing) 4
8-bit Store data in B to memory location pointed to
13 dd . . .
STAB dd,Y displacement by Y + dd (indexed addressing) 4

Special Notes
1. Zflag 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 j3j — 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




Special Notes:
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000000

IR_LD

MSA[1..0] & MSBJ[1..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.

000001

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

INC_PC
otherwise specified in the ASM. -

Instructions Listed on Next Pages...

Dr. Gugel and Dr. Schwartz

Instruction
Fetch

Instruction
Decode/Execution

17-Apr-19
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Data Movement Instructions:
TAB TBA LDAA #data LDAB #data LDAA addr
000000 000001 000010 000011 000100
l l 000010 000011 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
4 v v v l > Back to
State(
LDAB addr STAA addr STAB addr LDX #data LDY #data
000101 000110 000111 001000 001001
l 000111 l 001010 l 001101 010000 010010
addrL => MARL addrL => MARL addrL => MARL data = XL data =>YL
INC PC INC PC INC PC INC PC INC PC
1001000 l001011 loomo 1010001 l010011
addrH => MARH addrH => MARH addrH => MARH data => XH data =>YH
INC PC INC PC INC PC INC PC INC PC
l 001001 l 001100 l 001111
addr[] =>B
AddrSel = MAR A =>addr ] B =>addr[ ]
AddrSel = MAR AddrSel = MAR
R /W=0 R /W=0
l l Back to
\A Y » StateQ
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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
l 010100 l 011000 l 011100 l 011110 l 100000
addrL => MARL addrL => MARL dd => Xdisp dd => Ydisp dd => Xdisp
INC PC INC PC INC PC INC PC INC PC
l 010101 l 011001 l 011101 l 011111 l 100001
= = X[]=>A Y[]=>A X[]=>B
addrH => MARH addrH => MARH
INC PC INC PC AddrSel =X AddrSel =Y AddrSel =X
l010110 1011010
addr[ ] => XL addr[] => YL
AddrSel = MAR AddrSel = MAR
INC MAR INC MAR
lOlOlll 1011011
addr+1[ ] = XH addr+1[] => YH
AddrSel = MAR AddrSel = MAR
l l Back to
A4 Y 5 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== Y] 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
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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 AND B=>B AORB=>A
> Back to
State0
OR_AB COMA COMB SHFA L SHFA_R
011001 011010 011011 011100 011101
AORB=>B /B=>B
_ Backto
" State0
SHFB_L SHFB_R
011110 011111
B*2=>B B/2=>B
. Back to
State0



University of Florida EEL 3701

Dr. Gugel and Dr. Schwartz

Department of Electrical & Computer Engineering Revision 0 17-Apr-19
Page 5/6 G-CPU Controller Flow Charts
Branch Instructions:
BEQ addr BNE addr
100000 100001
Y N Y N
101100 101101 v 101110 y 101111
addr =>PCL INC PC addr=>PCL INC PC
v v A4 A4 . Backto
State0
BN addr BP addr
100010 100011
Y N Y N
110000 110001 v 110010 110011
addr=>PCL INC PC addr => PCL INC PC
v v \ 4 \ 4 > Back to
State0
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Additional Instructions:
INX INY
110000 110001
_ Backto
"~ State0



REG | ADDR XY 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
Q[5..0] IR[S..0] ZN DI[5..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 oAk 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 oAk 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 oAk 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 oAk ok 000101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAA addr, state 4
000101 oAk ok 000110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAA addr, state 5
000110 oAk 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 oAk ok 001000 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAB addr, state 7
001000 oAk ok 001001 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAB addr, state 8
001001 oAk 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 oAk ok 001011 01 10 0000 0 1 1000 00 00 10 00 00 00 STAA addr, state A
001011 oAk ok 001100 01 10 0000 0 1 1000 00 00 01 00 00 00 STAA addr, state B
001100 oAk 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 oAk ok 001110 01 10 0000 0 1 1000 00 00 10 00 00 00 STAB addr, state D
001110 oAk ok 001111 01 10 0000 0 1 1000 00 00 01 00 00 00 STAB addr, state E
001111 oAk 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 oAk ok 010001 01 10 0000 0 1 1000 00 00 00 10 00 00 LDX #data, state 10
010001 oAk 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 oAk ok 010011 01 10 0000 0 1 1000 00 00 00 00 10 00 LDY #data, state 12
010011 oAk 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 oAk ok 010101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDX addr, state 14
010101 oAk ok 010110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDX addr, state 15
010110 oAk ok 010111 01 10 0000 0 1 0100 01 00 00 10 00 00 LDX addr, state 16
010111 oAk 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 oAk ok 011001 01 10 0000 0 1 1000 00 00 10 00 00 00 LDY addr, state 18




REG | ADDR XY 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
Q[5..0] IR[S..0] ZN DI[5..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 oAk ok 011010 01 10 0000 0 1 1000 00 00 01 00 00 00 LDY addr, state 19
011010 oAk ok 011011 01 10 0000 0 1 0100 01 00 00 00 10 00 LDY addr, state 1A
011011 oAk 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 oAk ok 011101 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAA dd,X state 1C
011101 oAk 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 |
011110 oAk ok 011111 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAA dd,Y state 1E
011111 oAk 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 oAk ok 100001 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAB dd,X state 20
100001 oAk 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 |
100010 oAk ok 100011 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAB dd,Y state 22
100011 oAk 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 oAk ok 100101 01 10 0000 0 1 1000 00 00 00 00 00 10 STAA dd, X state 24
100101 oAk 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 oAk ok 100111 01 10 0000 0 1 1000 00 00 00 00 00 01 STAA dd,Y state 26
100111 oAk 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 oAk ok 101001 01 10 0001 0 1 1000 00 00 00 00 00 10 STAB dd,X state 28
101001 oAk 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 oAk ok 101011 01 10 0001 0 1 1000 00 00 00 00 00 01 STAB dd,Y state 2A
101011 oAk 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




REG | ADDR XY 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
Q[5..0] IR[S..0] ZN DI[5..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 ok 000000 11 10 1000 0 1 1000 00 00 00 00 00 00 SHFA R state 1
000001 011110 ok 000000 01 11 1001 0 1 1000 00 00 00 00 00 00 SHFB L state 1
000001 011111 ok 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 oAk ok 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BEQ addr state 2C
101101 oAk ok 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 oAk ok 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BNE addr state 2E
101111 oAk ok 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 oAk ok 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BN addr state 30
110001 oAk ok 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 oAk ok 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BP addr state 32
110011 oAk ok 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BP addr state 33
000001 110000 ok 000000 01 10 0000 0 1 1010 00 00 00 00 00 00 Increment X (INX)
000001 110001 ok 000000 01 10 0000 0 1 1001 00 00 00 00 00 00 Increment Y (INY)
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Mux C Block

MSAD - 74153 . 181 mux GD GD 181mux
T b e e =
—— 1GN 582 W= - SE3 : L =82 PR S .
DATAD 100 b MSC1 © oo : MSC1 T | oot MSC1 ¢ | o
" 2 e s e
.o o 1 r0 o
1 b REGB1: | REGBZ! | po REGB3: | g
—lne SUM1 e SuUM2 re SUM3 e
v X D1 e *Fnoz ® YANDE e
- et OR1 e “om2 e EEE o
REG e NEGAT: |ne NEGAZ | o NEGAZ | e
ve WNEGBT |0 NEGBZ | | .. wNEees | .o
e REGAD. | o REGA1 |0 REGAZ' | o
Me  OUjOUD “REGAZ: re  ourlo—oun, SREGAT | o.l  our UREGAST |\ op| . OUT
e REGBO. |ug REGB! | pe *REGE2 e
REGB1 0 REGBZ_; o REGB3 MO
[r=y M1 [ s H Nt N [ T1]
) -z N2 : Iraz
a3 2 i paz
REGH - {rae M4 A A
—|ras NS s
54 197
1681 mux. 181mux
e z o
. R 583 O b
REGB3 x_MSC sa.2 SEZ et SEZ
T Py = MSCO | | e s
REGAT, | oo 2o *REcas | =0
XDECAS: Ing ] At P Y
e » e |
ANDE NS re T P
*ore | e ore |
* ™ N ™~
NEGAS NEGAS
*reces |"° re NEGBE . |'C
AL N AL V) —pe
REG REGA3. |uo I REGAS: |po
: OUTé , *REGAS. OUTS,, _REGAT
{ne O N INg T P OF
REGBZ | e REGB4: |pg : REGBE | pe
REGBS 0 REGEIG:: o H REGB7 O
Era N1 @, ]
— {2
a3
Ll
-~ is
| : REGBS o= ;
! ]
MSEQ = REGES
WMSET e
16N
DATAS 100
REGAE
¥ DEGAS ©1
REGEE 02 wh 88
our ey B7
P P B 0111 SHFA_Left
*REGAT = 1000 SHFA_Right
*REcET = 1001 SHFB_Left
DuT? < 1010 SHFB_Right

AND Generation OR ?Ehe.rallon Negate A Z &N Flag Generation
REGAD % ! omo REGAD MUUUUINEGAD. L REGBO MEIUUINEGBO. 0 e e
REGE0 =P R PEGAL e
REGA :
REGA1 o REGA:
REGEL x—-—-—-::g: ZERO_FLA!
REGAZ P *RECAs
REGEZ | EEs REGAS
REGAZ M o3 —
REGE2 |
REGA4 ™ REGAs &7 REGAT
REGES _ANDS . *ReGEs —
N REGAS uﬂ B
) o SUMS :
Jebug Signals *FEce A ::2 SUl
REGBS SUME
Fils REGAS s mgu SUMT
A
REGES our
REGAT
REGBT
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Mux A, Mux B, Reg A, Reg B Block

MSAD

REGAD RS §

MSAT MSBO

{ REGBO
SE :

AN

REGAD ies DATAQ Mo

REGBO " lico A

. REGAD e

REGHD ; . Bo
— 12 :
ouTo I P -

#— ] 26N

OUTO iea AT

; 2
*—— 26N

REGAT ooy

| REGA{ DATA i
: REGAT o

REGET oz

' REGB1
ouTi i ;

REGB e

oUT e
4a7  MULTIPLEXER

iag MULTPLEXER

MSAD

REGJ‘[‘Q - ......................................

MSA1

. REGB2

Ten MSB1 e CIK

DATA2
_11C0 .
DATA2 e

REGAZ e

REGEZ e A2
REGEZ e ol B2

1
OUT2 e B3

ouT2 “lres o [ A3
& 260 g s
DATA3 : ‘ 1 [ : : :
—2C0 5 : : §———] 2GN :
REGA3 15 : 2 REGA3 DATA3 o : B

REGE3 s 5 REGA3 o . [mw |  REGB3
ouT3 o e s s REGE3 e 5 5 :

s WUOPLEER_ Ut e
740 MULTIPLEXER

 REGAY S

MSAD
MSAT

MSBO
MSB1

. REGB4

DATA4 i e
REGA e

REGH4 e ol A
OUT4 e o[ _A%

DATA4 e
REGA4 S PTe
REGEA e
oUT4 e
o »— ] 26N

: REGAS P

& 26N
DATAR : 200

REGAS :
oy |

REGES e : _

Solt {2 oUTS

-4 MULTIPLEXER : :

| REGBS

REGBS e
iolace

mgiﬁl : ] REGAS MSEO 74153
: : : MSEB1

. REGBS

DATAG o
REGAG T
REGBS e
OUTe e

DATAG :
REGABR : 131]
- mmTREE
: ype ica e
&— (] 2GN : : : Rt
DATAT * locn ErT ol S : DATAT 26N . "|0'
REGAT C e | [ | REGAT REGAT — 2C0 : :
REGE7 : : ClK__ F 9 -~ 2C1 5 L
. foce : : : REGE7 ; :

: : : : 2C2
o — 2% 5 ouT? 2

443 MULTIPLEXER

i
A

2

. REGBY
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Mux C Block

an : 16 Tmux _ aD 16Tmux _ aD _ 16 1mux
s TGN g e [GN g w—a— TGN
gecEE | eS| S
WSELZ WSELZ WSELZ
p i MR [ Pk it MR P Pr. i M L
“REcAT [0 | “resar |0 | “REGAT |5
e IND : w1 IND — IND
REGB1 Y . REGB2 g REGE3 I
SUMA =z SUM2 Iz SUM3 N
Lo L DL I v LAND2 Ly, W AND3 * N3
W OR1T ¢ | LN WwORZ | L ing WOR | N4
: | /REGAD |,° | /REGAT |, | REGAZ |,°
PEGAT lhe  aur ouTo REGAZ | o gyl OUT1 REGA3 | .o our ouT2 REGAAE ne  ourl_ OUT3.
XLINB : xﬂma REGBZ g 5
PEGE. g REGEI o = W REGBA 10
&0 - : a0 L
iz {12
— 3 {13
1 _1IN14
Eﬁww :mw
T S - S S| 1A A
e e e g
wiLc DI e WL DR Sy WILCI I B T G0 e
s | MR | HEEm | dEm
Pt -1 AL b ®——— - _IGF| 7 P A S
W MSCT ¢ g WMSCT g W MSCT ¢ gy g 5 MSCT L o
MSCO ey MSCO - lsrn MSCO - 1sei MSCO N P
REGME o : REGASE O : REGAEE MO REGA?'g MO
REGEHE i . REGEISE 1 : REGEIEE 1 REGEITE 1
O - O B R
XW-— IN3 XW-— N3 XW_ N3 XW-— N3
“NEcA . | ™ “NEGAS. | ¢ “NEGABE |- “NEGAT. |
pr AR 1 i pru i R 1T PR T P L 1 11
P i PR s T prRi— S ) PrAA— L
><——$g’§§ INg OUT — OUT4 %ggﬁ N3 out OuTS Egg’gg N3 oUT|— OuTe ggGEIEﬁ N3 DUT—-—)(E out?
e - i Ing =222 g g w2 g :
REGBES . | ; REGBE . | ; I =C= T8 I ><G[]—f|mu
Gl | INI Gl g N1 G 5 : GO fINT1
M2 1 INT2 : —{ 12
13 — IN13 IN13
Ih14 — IN14 IN14
IN15 N —{ IN15 IN15
2 S 200 ] %

MSC3:0 Selection

0000 REGA
0001 REGB
0010 Sum(A,B)
0011 AND(A,B)
0100 OR(A,B)
0101 COMA
0110 COMB
0111 SHFA_Left
1000 SHFA_Right
1001 SHFB_Left
1010 SHFB_Right

Gl
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e :

Sum & Carry Flag Generation AND Generation OR Generation
; EGAQ AT 5 -

Al REGA1 Mo ™ REGAT &% "

T STLILMIIE }%_‘x\ ANDD CRD
ElNleEES REGED : — REGED a :I —

»

SUMD ANDH RECET OR1

H :E -
SUM : :
suMz |— SUM =] W :

SUM2

B
A2
B2 SUM3 |— REGa2 Moz ? REGAZ %
A3
B3

: SUM3 e 20 © AND2 : OR2
SUK4 : : ; : ;
CouT : CoUTO A : REGES Z :

U

wim2e L —. © AND3 5 . OR3
B4 : REGB3 : “REGE3 ) >
H & H :E s :

) p ) : P s R H
i WEE LR , a4 BIT ADDER : '

S 5 LS e ANDY OR4
COUTO e LER R é

REGA4 | T

_ REGB4 : : SUMA. w2 — 1 ANDS . OR5
Debug Signals REGAS T SUME < REGBS | J— REGEG ¢ e

SUR2 d s A ;
REGB5 | SUME P

B1
.............................. B2 SUM3 REGAG

- {A3

B3

BITHIT & : : : :
QUTBOT ey REGAT. 0] : REGAG ; SUM7 *eEmEr ] v ANDE ;‘E P OR6
..................................................................... P FEGEE Egr:rretr g CoUT REGBR Do REGHG T

T REGAT g - 5 B 5
REGBY7 e REGA7 . . ANDY : |
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Negate A Negate B Z & N Flag Generation

REGAD ;"&c NEGAD REGBO .. _NEGBO FEGAD st

:q
AL 5 S 5 REGAT
:l.]

REGAT 3‘3 NEGA1 REGB1 ‘”bc NEGB1 Egﬁ
- ; - : : . 7ERO FLAG

=1 24 : REGA4 DO

REGAS

R— 5 R 5
REGAZ QBC ; NEGAZ FEGBE2 QBC ; NEGE2 OECAR
e S 248 5 REGAT

REGA3 “50 NEGA3 REGB3 ““;C NEGB3 S |
. : 4 §

B _ B _ A :
REGA4 ""°>c . NEGA4 REGB4 ’“bc . NEGB4 REGAT i S NEG FLAG
4 : ; :

REGAS MOl | NEGAS REGES ‘“’>c NEGES
;050 5 e ;

REGAG ML | NEGAG REGEG “"°>O NEGE6

REGAT ’“’bc NEGAT REGBT P9l - NEGBT
4 : LQBC :
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Program Counter Register

Memory Address Register

pc_mar_ix.bdf

X Index Register

Y Index Register

X Displ. Generation

Y Displ. Generation

f[;% ;I:BD L AR LD L _Téis LD L 7461 DL Tt
DATAT PC DATA A DATAD A DATAD A
— = DATA . MARD DATA . a0 DATA . D WAD
— = DATAZ g ART DATAZ g pd I DATAZ g 1 AT
e DATA c MARZ DATAZ c ) DATAZ c 2 VAZ
PC_INC I FLTCO e MARS e w22 Nar 3 VAT
- MAR_ING [ WAR_TCO X NC ° XTCD Y NG Y TCD
[RE SET RESET ¥ |0F RESET ® O |TF  R®@ RESET ® |0
CLK ) CLRN CLRN aRfN
CLK o CLK o CLK
1
/PC_LD_L AR D L 7415 LD L 71 LD L
DATAS = Tt L Ion
== ™ DATAZ ; DATAZ ; DATAS
— =5 DATAS . MAR4 DATAS . e DATAS —
e o DATAE g WARS DATAG g e DATEG —
i DATAT o MARS DATAT o ac 6 DATAT i
| WART 7
fRCE ;EC_E - Pce MAR TGO [ i AR TCT xTco [ gnp R:% YT Y_TCO
RESET _* | h, TRESET 7 ¢ 1ok TREZET T
CLK CLK o CLK e CLK
o
“’;%;:UD Y MAR_LD U e IX1DU e YD U = by v
DATA DATAD DATAD | e
DATAT PC I A 1 A A 81 s
— = DATA . MARS DATA . e DATA . VB @ P I ve
— = DATAZ g MARS DATAZ g ] DATAZ g FE] o o | _JAID
=i DATA c WARTD DATAZ c a0 DATAZ c 510 X10 a2 o | YA 10
WARTT bk ikl
PC_TCH -~ PCJc2 IR TAR_TCZ X TC1 —2T o D W74 v TC1 —2r O =17 i ¥
RESET o |o¢ e |oF A o lme o
JRESET . TRESET o JRESET e
CLK ax CLK o CLK CLK
i aw
/PC_LD_U T AR LD U 7415 LD U 71 DU x12 e Y12 o
DATAS = Tt L Ton [ | ixaaz ) Va2
DATAS PC DATAY A DATAY A DATAY A 3 A e ¥13 o A
DATAS MARTZ DATAS ~ 2z DATAS V12 Az e Az s
DATAG FC I 8 T 8 @ 8 o o BT = anm | VAT
DATAT P DATAS c MAR1S DATAS c ca| X3 DATAS c s ¥4 Y&TE Y14 VATS
e DATAT c WARTE DATAT c ol e DATAT c g a3 U a1 s
M- : C C = B3 —
PC_TC2 I — war T [ MARTS e BT Py EERE v e Nar i XI5 2o ¥i5 our
JRESET - B RO L B ROO|— = P =4 -
TRESET i TRESET o TRESET o
CLK ax CLK e CLK
UN
Input / Qutput Signals = oK XO7.0]
. . Fvgis] XRBESE YO7.0]
YO1D LD
= ¥D LD
DATALT 0] L
b= : DATA..0]
....... s AT T R ‘ F.o
Poo pca T PC8 - PC12
W ARD WARE WARE : WARTZ
ﬁuﬂ " | sooRg ﬁi = L ooRg ﬁi » .| sooRg éaré - .| apoRy
ADDESELT - ADDFEEELT “ ADDEBELT : AODEEELT .
ADDR_SELD = ZDDR_SELD = ZDOR_SED 5 ZDDR_SELD =
5 159 163
. g
IS pcs 4 PCo e PC13 e
TART TARS WARS ¢ WARTS
Y;«’.‘:1 5 | _sooRy ﬁf_ 5 |_sooRs ﬁ : Ll _apoRg éﬂi 5 L|_apory
ADDE SELT ADDR SELT = ADDR SELT ADDE SELT
ADDR_SELD = ADDR_SELD : ADDR_SE LD = ADDR_SE LD =
=0 =0 50
ADDR_SEL1:0  Addr Output
= E e R pes = Peto - ocie o
p ] AR Repister WARZ s WARE o= WARTD - WAR T4 -
] b Ed ez : ADDRZ, G : ADDRE, YD : ADDR1D XATE : ADDR14
TR TAZ ¢ YA ° TATD ° TATE °
ADDH SELT = ADDR SELT : ADDR SELT : ADDH ELT :
ADDR_SELD = ZDDR_SELD ZDOR_SELD o ADDR_SELD =
pca ™ pPcT ™ PC11 ™ PC15 -
s ARG WART WARTT : WARTS
— - ﬁé | _so0r ﬁ\; |_so087 ﬁ:111 : LI _aooRy :m: Ll anorgs
— — A15.0) o8 o8 EE = =
f ADDH_SEL1 ° ADDH_SEL1 ADDR_SEL1 ADDH_SELT
ADDR_SELD : ADDR_SELD : ADDR_SELD it ADDR_SE LD e
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Program Counter Register

/PC LD L = 74161
DATAO A
DATAT PCO
DATA2 g g‘; PCT
DATA3 c o o7}
PC3
PC_INC ENT 57
JRESET L R
CLRN
CLK ok
3 COUNTER
/PC LD L = 74161
DATA4 A
DATAS . o PC4
DATAG ° o PC
DATA7 : e PG
PCT
ENT QD
PC_TCO o rol___PcC
JRESET
CLRN
CLK ok
4 COUNTER
/PC_LD U — 74161
DATAO i
DATAT o oA PC8
DATA2 o e PC
DATA3 c PC
ac PC
PC_TCA et ap PC TC2
JRESET e o RO
CLRN
CLK ok
32 OOUNTER
/PC_LD_U e
DATA4 .
DATAS PC1
DATAG g g‘; Pc-r§
DATA7 PC14
D ac BCT5
BNT QD
PC_TC2
JRESET L
CLRN
CLK ok
33 COUNTER

pc_mar_ix.bdf

Memory Address Register X Index Register Y Index Register
AR LD L _ 74161 XD L _ 74161 NDL 74161
DATAD " “DATAD < A “—DATAO - |
DATA1 . o MARO “DATAI o a0 “DATA1 s oAl YO
DATA2 MAR1 DATA2 X DATA2 ! Yi <
DATA3 c - MAR2 DATA3 c B DATA3 —¢ B =5
D Qc D Qc D QCH———F—i—x
BNT ap|— MARS ENT an|—28__ e an|l—Y3___
wade IS STwRT e [0 RCXE e SE ST
CLRN 0T CLRN 2T o CLRN
CLK oK CLK o CLK e
171, COUNTER 123, COUNTER 127 COUNTER
VAR LD L - 74161 XD L - 74161 Nl 74161
DATA4 A DATA4 A * DATA4 — A
DATAS . o MAR4 *DATAb . ol “DATAb —a oal__Yd
DATAG o o MARS DATAG o o DATAG o Y5
DATA7 o o MARG DATA7 : ol DATA7 s ol Y6
BNT QD 4XMAR7 BNT QD 4“? ENT Qb 4“?
MAR_TCO MAR_TCA XTC0 | X TCA Y_TCO ; Y T
JRESET —|8e RO JRESET 8P RO —=x JRESET ¢ |7%  ROF—="x
CLRN CLRN ————— ] CLRN
CLK CLK CLK CLK >(C’LK— CLK
172 COUNTER 124 COUNTER 128  COUNTER
AR LD U _ 74161 XD U _ 74161 N DU _ 74161
)(_L_C >(_-__C
DATAO . DATAD 5 DATAO .
DATAT MARS “DATA1 X8 ““DATA1 Y8
DATA2 2 g’; MAR9 DATAZ g ﬁ’; %9 DATA2 8 g’; Yo <
DATA3 c o MAR10 DATA3 c oo DATA3 c ot I 4
MAR_TC1 EnT QD%" X TC1 et QD%" Y TCH et OD%"
)TES-ET—C ENP RCO = J’ﬁESET : BNP RCO = fR-ESET ENP RCO ——=——x
e —{_} CLRN ] CLRN e —{_} CLRN
KCLK  lak W CLK ok W CK ek
173 COUNTER 125 COUNTER 129 COUNTER
AR LD U - 74161 XD U _ 74161 N DU - 74161
DATA4 " DATA4 A DATAA A
DATAS MAR12 ““DATA5 X12 ““DATA5 Y12
DATAB 2 E’; MAR13 DATAG 2 g’; Xi3 DATAG g g’; ZER
DATA7 o o mg:g DATA7 c e gg DATA7 o o ng ~
BNT QD ENT aDp————= ENT D pb—x
MAR_TC2 X TC2 Y TC2
JRESET B - RO JRESET &P - RO JRESET &P - RO
CLRN ] CLRN (] CLRN
CLK o CLK o CLK o
174  COUNTER 126  COUNTER 130  COUNTER
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pc_mar ix.bdf

X Displ. Generation

Y Displ. Generation

....... e 74283
CIN
Yo A
YDISPO B1  SUNM —&
Y1 A2 SUM2 —&x
YDISP1 B2 SUMB YAZ2
Y2 A3 suma | YA3
YDISP2 B3 COUT |—
Y3 A4
YDISP3 B4
140 4BTADDER
: 74283
: CIN
v4 A
XDISP4 51 SUM HXA4 YDISP4 51 SUM1 YA4
X5 A2 sumz |2 XAS Y5 A2 sumz | YAS
XDISPS B2 SUMA KOG YDISPS B2 SUMB YAG
X5 A3 suma — 200 XAT Y6 A3 suma L YAT
XDISPG B3 COUT |— YDISPG B3 COUT |—
X7 A4 Y7 A4
XDISPT |4 YDISPY |4
1133 4BITADDER 141 4BITADDER
o A = B
. FoTY .Y
X8 A1 Y8 A7
-~ 1B1 suM1 —2© o XAB _lg1  sum - YA8
X Az sum2 22 XA9 Y9 a2 sumz | . YA9
& B2 sum3 — 2 XA10 o— |B2 sum3 YA10
X10 A3 SUMA4 XA Y10 A3 SUM4 YA
& B3 COUT |— & |B3 CouT |—
X11 aa Y11 s
.__ B4 e B4
135 4BITADDER |
. 74283 §
- [CN
X12 as |
® BT SUM1 | XA12
X13 - {A2  sum2 &
o |52 suus | SA14
X4 Az suma | KATS
e .7 Ej COUT |—
B4
: . 113 4BITADDER | :
i GND SND
xdr_ydr
CLK XDISH(7..0]
/RESET CLK AD[7.0] YDISA7 0]
YD LD /RESET Y D[7..0] 4
YD D XD _LD
DATAD 0] YD LD
% DATA[7..0)]




Input / Output Signals
CLK Tl
[ IRESET e
DATA[7..0) Iy S 11
'PC_INC o
IPC_LD_L :_L%i;f_
TPC_o_u :)_ng_
[ XINC L e
KDL [E——IE I
T _LDu :_L%EJ:I_
Ve ——
W_DL o S 1Y,
TY_LD_U e
MAR_ING :_W_
IMAR_LD_L o lgr
CIMAR_LD_U :;_L%%T_
| ADDR_SELD Iy 11
" ADDR_SEL1 e
ADDR SEL1:0 __ Addr Qutput
0 0 PC Register
0 1 MAR Register
1 0 X + Displ.
1 1 Y + Displ.
LD :_ng_
YD_LD T -

QUTBNT__——— ADDR[15.0]

Debug Signals

QUIBUT g~ PC15.0
OUIRIT _— MAR[15.0]
LUTAJT  —— H15.0]
OUIRIT = Y[15.0]
OUIAIT  —— XDISF(7.0]
QUIRIT Y DISP[7..0]

0

GHD

MUX41

PCO
MARD
XA0
YAO
ADDR_SEL1
ADDR_SELO

i}
ol
D2
D3
21
S0

o ADDRO

MUX41

PC1
MAR1
XA
YA1
SEL1

ADD

ADDR_SELO |

o
Dl
b2
D3
51
50

ADDR1

MUX41

PC2
MAR2
XA2

“Yaz |

ADDR_SEL1
ADDR_SELO

ADDI

YA3
ADDR_SEL1

ADDR_SELO

o ADDR3

pc_mar_ix.bdf

Address Selection/Generation

GHD
MUX41
pca & I‘;“
MAR4 »
XAd ADDR4
YA4 o2 =
ADDR_SEL1 .
ADDR_SELO .
50
159
MUX41
pcs ¢ o
MARS :1'
mr; . | ADDRS
ADDR_SEL1 | |™
ADDR_SELO =
—_— 50
160
MUX41
‘_ INH
PC6
MARG | :1'
\)Erfs I i | ADDRS
ADDR_SELT | |®
ADDR_SELO st
50
161
MUX41
pc7 ™
MAR7 :’
: Yxi:; - L ADDR?
ADDR_SELT :
ADDR_SELO -

162

GND GHD
MUX41 MUX41
PC8 e pci2 P e
MARS 2 MAR12 :‘:
XAS ADDRS XA12 ADDR12
YAB » YA12 v @
ADDR_SEL1 e ADDR_SEL1 .
ADDR_SELO His ADDR_SELO .
- S50 50
164 163
. MUX41 - mMuxal
PCY i pciz ¢ e
MARS i MAR13 :‘:
XA9 ADDR9 XA13 ADDR13
ZCH - YA13 - °
ADDR_SEL1 > ADDR_SEL1 -
ADDR_SELD ADDR_SELO
= 0 — 50
166 165
| MUx4l | moxal
pcio T |™ pcia ¥ ™
MAR10 ; MAR14 :‘:
XA10 | ADDR10 XA14 ADDR 14
““YA10 E YA14 Z; ® .
ADDR SEL1 | ADDR_SEL1 |
ADDR_SELD st ADDR_SELO ot
s0 50
168 167
MUX41 MUX41
PC11 e PC15 e
MAR11 ;“ MAR15 :‘:
“XA11 ADDR11 “TXA15 ADDR15
x—_ _—K
YA 3 YA15 2; °
ADDR_SEL1 o ADDR_SEL1 o
ADDR_SELD " ADDR_SELO .

=
=
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xdr ydr.bdf

X Displacement Register (XDR)

TN

Y Displacement Register (YDR)

YDO
DATAO

/RESET

AD1

DATA1

AD2

DATAZ

XD3

ND_LD 3

CLK

e

YDO

/RESET

YD1

DATA1

DATA3

XD4

YD2

DATAZ

DATA4

XD5

YD3

YD2

DATA3

DATAS

YD4

YD3

DATA4

DATAG

YD5

YD4

DATAS

DATAY

YD6

YD5

DATAG

YD7

WEET

YD6

DATA7

YD7
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