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Y Reg Block =Y displacement Reg +Y Reg (H/L)
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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:

1.
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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




University of Florida EEL 3701 Dr. Gugel and Dr. Schwartz
Department of Electrical & Computer Engineering Revision 0 17-Apr-19
Page 3/6 G-CPU Controller Flow Charts
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
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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

University of Florida EEL 3701 Dr. Gugel and Dr. Schwartz
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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 A, Mux B, Reg A, Reg B Block
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Sum & Carry Flag Generation AND Generation OR Generation
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Negate A Negate B Z & N Flag Generation
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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
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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
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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
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VAR LD L - 74161 XD L - 74161 Nl 74161
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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
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172 COUNTER 124 COUNTER 128  COUNTER
AR LD U _ 74161 XD U _ 74161 N DU _ 74161
)(_L_C >(_-__C
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AR LD U - 74161 XD U _ 74161 N DU - 74161
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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
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CLK o CLK o CLK o
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Input / Output Signals
CLK Tl
[ IRESET e
DATA[7..0) Iy S 11
'PC_INC o
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Debug Signals

QUIBUT g~ PC15.0
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LUTAJT  —— H15.0]
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pc_mar_ix.bdf

Address Selection/Generation
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s0 50
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xdr ydr.bdf

X Displacement Register (XDR)

TN

Y Displacement Register (YDR)

YDO
DATAO
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e
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