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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

: 16-bit Load A with data from memory location addr
04 11 hh | LDAA: Ty
DAA addr address (extended addressing) 3
16-bit Load B with data from memory location addr
05 11 hh . : Iy toca
LDAB addr address (extended addressing) 5
16-bit Store data in A to memory location addr
06 11 hh |ST Y
STAA addr address (extended addressing) 3
16-bit Store data in B to memory location add
07 11 hh |¢ ty on addr
T | STABAd | dress (extended addressing) 3
08 ii JJ: LDX #data 16-bitdata . | Load X with immediate data (immediate addr,) 4
09 ii 33 | LDY #data 16-bit data Load Y with immediate data (immediate addr.) 4
0A 11 hh ‘ 1 Load X with data from memory location addr.
LDX addr 16-bit addr (extended addressin 6
OB 11 hh 1 ) Load Y with data from mermory jocation addr.
| LDY addr 16-bit addr (extended addressing) 6
8-bit Load A with data from memory location
oc dd y
LDAA dd,x displacement pointed to by X + dd (indexed addressing) 4
8-bit Load A with data from memory location
0D dd Ty
LDAA da,y displacement pointed to by Y - dd (indexed addressing) 4
8-bit Load B with data from memory location
0E dd : ry
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 i
dd STAA dd.X displacement by X + dd (indexed addressing) 4
8-bit Store data in A to memory location pointed to
11 dad g
STAAALY | Gisplacerment | by ¥ +dd (indened addressing) 4
8-bit Store data in B to memory location pointed to
12 d
d STAB dd.X displacement by X + dd (indexed addressing) 4
8-bit Store data in B to memory location pointed to
13 d Xy N
d STABddY displacement by Y + dd (indexed addressing) 4
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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
ia COMA none Compl contents in A (inhevent addressing) 2
iB COMB none Complement contents in B (inherent addressing) 2
ic SHFA L none Shift A left by one-bit (inherent addressing) 2
ip SHFA R | unone Shift A right by one-bit (inberent addressing) 2
1E SHFB L none Shift B left by one-bit (inherent addressing) 2
iF 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 Oper}_ng Description States
20 bb | BEQ addrl. | Branch if A = 0, i.e., Z Flag = | (absolute addressing) 3
21 bb BNE addrL Branch if A # 0, i.e., Z Flag = 0 (absolute addressing) 3

Branch if A is negative, i.e., N Flag = | (absolute
22 bb BN addrL, addressing) 3
Branch if A is positive (or zero), i.c.. N Flag = 0
23 bb BP addrl, {absolute addrefssing) 3
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 jower 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 {addtL),

4. Explanations of the operands shown in the Machine Codes:
* mm — 8-bitimmediate data valie

* & & B 0

ii — Low-order byte of a 16-bit data

33 — High-order byte of a 16-bit data
11 — Low-order byte of a 16-bit address
hh — High-order byte of a 16-bit address
dd — 8-bit displacement value

© bb — Low-order byte of a 16-bit address for a branch instruetion
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Speciat Notag:

1. MSA[1.0] & MSB{1..0] ae set to

protect registers A & B wheu these

registers are not in use.

>

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

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

000000

IR LD

000001

Instructions Listed on Next Pages. ..

Drs. Guget and Schwartz
2{-Nov-16

Instruction
Fetch

Instruction

- Decode/Execution
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Data Movement Instructions:
TAB TBA LDAA #data LDAB #data LDAA addr
000000 (00001 600010 800011 050100
000010 00001 ¢ 400100
data => A data=>B addrl,=> MARL
INC_PC INC_PC INC PC
000101
addrH => MARH
INC PC
oo o
addi{ ] =» A
AddrSel = MAR
v l » Backio
Stateld
LDAB addr STAA addr STAB addr LDX #data LDY #data
000101 000110 000111 001000 801001
00011 061010 00t 101 010000 010010
addrL => MARL addrL => MARL addrl => MARL data => X1, data => YL
INC PC INC PC INC PC INC PC INC PC
001000 00101t 001110 01000t 010011
addH => MARH addrH => MARH addrH => MARH data => XH data=> YH
INC PC INC PC INC PC INC PC INC PC
001001 001100 001 {11
addf] =B A=>addi] ] B => addr{ ]
AddrSel =MAR AddrSel = MAR AddrSel = MAR
R/W=0 R/W=0
i l Back to
A y

> Statef
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Data Movement Instructions {continued):
LDX addr LDY addr LDAA dd,X LDAA dd,Y LDAB dd,X
001010 001011 601160 061101 ) 001110
010100 011000 011100 011110 100000
addeL => MARL addrL => MARL dd => Xdisp dd => Ydisp dd => Xdisp
INC PC INC PC INC pC INC PC INC PC
010104 . 011001 011101 (3053 100001
addrH => MARR addrH => MARH X{l=A Y{}=>A X[}1=>B
INC pC INC PC AddiSel = X AddrSel =Y AddrSel = X
010110 01010
addr] 3 =» XL addr{ } => YL
AddiSel = MAR AddrSel = MAR
INC MAR INCMAR
010111 OL101 1
addr+1{ ) = XH adde+if} = YH
AddiSel =MAR | AddrSel = MAR
l l Back to
4 — Stateq
LDAB dd,Y STAA dd, X STAA dd,Y STAB dd, X STAB dd,Y
081111 610000 610001 010010 016611
100010 100100 100110 101000 101610
dd => Ydisp dd=> Xdisp dd => Vdisp dd=> Xdisp dd = Ydisp
INC PC INC PC INC PC INC PC INC PC
100011 100101 100111 101001 101011
Vit Wi A=x[] A=y B=>XI] B=Y(]
AddrSel = X AddrSel =Y AddrSel =X AddrSel =Y
R/W =0 R/W=0 R/W=0 R /W=0
i l l l l R Back 1o

—  Stated
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ALU Related Instructions:

SUM_BA SUM_AB AND_BA AND_AB OR _BA

010100 010101 . o110 010111 011000

ASUMB=>B AANDB=>B AORB=>A
— Backto
Statel
OR_AB COMA COMB SHFA_L SHFA_R
011001 011010 011011 011160 011
A¥2=2A
Back to
T Stated
SHFB L SHFB R
911110 011111

» Backto
Stated
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Branch Instructions:
BEQ addr BNE addr
100000 100001
Y N Y N
101100 1011601 101110 101111
addr == PCL INC PC addr =>PC[. INCPC
v 4 r s Backto
State6
BN addr BP addx
100010 . 100613
Y N Y
110000 110001 110010 11001
addr =>PCL INC PC addr =>PCL INCPC
Y ¥ y y __ Backto

Stated
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Additional Instructions:

INX INY
110000 11000}

, Backto
T State)
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: 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
, 3 MSA | MSB MSC | IR | R | MAR| SEL | LD LD LD | LD | XD LD
Q}5..0] IR[5..0] ZN DI{5..0} 1.9] | 11..0} 3.0] |ILD | /W | XY [1..0] L/U L/U | L/U | L/U | YD LD | Present State Function
000000 koo *k 000001 01 10 0000 1 1 0000 00 00 00 00 00 00 generic instruction fetch
000001 000000 *x 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 Bio A (TBA)
000001 000010 *k 000010 01 - 10 0000 0 1 1000 00 - 00 00 - 00 00 00 LDAA #data, state 1 -
000010 ok ok wx 000000 00 10 0000 0 1 1000 00 00 00 00 00 00 LDAA #data, state 2
000001 000011 ek 000011 - 01 10 0000 0 1 1000 00 00 00 00 00 00 LDARB #data, state |
000011 bk ook *¥ 000000 01 00 0001 0 1 1000 00 00 00 00 00 00 LDARB #data, state 3
000001 000100 *x 000100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA addr, state 1
000100 ok donk *k 000101 01 10 0000 0 1 1060 00 00 10 00 00 00 LDAA addr, state 4
000101 Eekokesk ok *k 000110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAA addr, state 5
000110 Hokokdok K ko 000000 00 10 0000 0 1 0000 01 00 00 00 00 00 LDAA addr, state 6
000001 000101 w 000111 01 10 0000 .{ O 1 1000 00 00 00 00 00 00 LDAB addr, state 1
000111 kR kit 001000 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAB addr, state 7
001000 deokseok ok 001001 01 - 10 0000 0 ! 1000 00 00 01 00 00 00 LDAB addr, state §
001001 hdknnn ¥ 000000. 01 00 0000 0 1 0000 01 00 00 00 00 00 LDAB addr, state 9
000001 000110 * 001010 01 10 0000 0 1 1000 00 00 G0 00 00 00 STAA addr, state |
001010 Hokskedeokee *¥ 001011 01 10 0000 0 1 1000 00 00 10 00 00 00 STAA addr, state A
001011 ko sk Rk 001100 01 10 0000 0 1 1000 00 00 01 00 00 00 STAA addr, state B
001100 i w 000000 01 10 0000 0 0 0000 01 00 00 00 00 00 STAA addr, state C
000001 000111 * 001101 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB addr, state 1
001101 ook ke 001110 01 10 0000 0 1 1000 00 00 10 00 00 00 STAB addr, state D
001110 koo ok ol 001111 01 10 0000 0 1 1000 00 00 01 00 00 00 STAB addr, state E
001111 Rtk * 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 Hookekaik ** 010001 01 10 0000 0 1 1000 00 00 00 10 00 00 LDX #data, state 10
010001 il Hk 000000 01 10 0000 0 1 1000 00 00 00 01 00 00 LDX #data, state 11
000001 001001 * 010010 01 10 0000 0 i 10060 00 00 00 00 00 00 LDY #data, state 1
010010 ook ok * 010011 01 10 0000 0 1 1000 00 00 00 00 10 00 LDY #data, state 12
010011 Aok ok ok 000000 01 10 0000 0 1 1000 00 00 00 00 01 00 LDY #dats, state 13
000001 001010 *H 010100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDX addr, state 1
010100 Hokokokok ok ok 010101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDX addr, state 14
010101 ke dok *k 010110 01 10 0000 0 i 1000 00 00 01 00 00 00 LDX addr, state 15
010110 Hokshiohin *k 010111 01 10 0000 0 1 0100 01 00 00 10 00 00 LDX addr, state 16
010111 i ko 000000 01 10 0000 0 1 0000 01 00 00 01 00 00 LDX addr, state 17
000001 001011 . 011000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDY addr, state |
011000 *kokok K *ok 011001 01 10 0000 0 1 1000 00 00 10 00 00 00 LDY addr, state 18
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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

Q5.0 IR[5..0] ZN D{5..0} [1..0] [1'..0} 3.6 |LD | /W | XY {1..0] L/U L/U L/U | L/U | YD LD | Present State Function
011001 Rk kkok ok 011010 01 10 0000 0 1 1000 00 00 01 00 00 00 LDY add, state 19
011010 Hokd ok *k 011011 01 10 0000 0 1 0100 01 00 00 00 10 00 LDY addr, state 1A
0311011 AR R h 0060000 01 10 0000 0 i 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 ook ok ok ko 011101 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAA dd X state 1C
011101 el il 000000 . 00 10 0000 0 1 0000 10 00 00 00 00 00 LDAA ddX state ID
000001 001101 ol 011110 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA dd)Y state |
011110 ok ok wox 011111 01 10 0000 0 i 1000 00 00 00 00 00 01 LDAA dd,Y state IE
Ofti11l ok dokkk ok 000000 00 10 0000 0 1 0000 11 00 00 00 00 00 LDAA dd,Y state 1F
000001 001110 *x 100000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB dd,X state 1
100000 Hokok Kok *x 100001 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAB dd,X state 20
100001 kst *k 000000 01 00 0000 0 1 0000 10 00 00 00 00 00 LDAB dd.X state 21
000001 001111 ko 100010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB ddY state 1
100010 etk ok 100011 - 01 10 0000 0. 1 1000 00 00 | 00 00 00 01 LDAB dd,Y state 22
100011 Hokkekkk 000000 01 00 0000 0 1 0000 1L 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 |
100100 ok ke 1100101 01 10 0000 0 1 1000 | - 00 00 00 00 00 10 STAA dd X state 24
100101 ok kR ki 000000 01 10 0000 0 0 0000 10 00 00 00 00 00 STAA dd,X state 25
000001 010001 *k 100110 01 10 0000 0 i 1000 00 00 00 00 00 00 STAA ddY state | .
100110 ko etk e 100111 01 10 0000 0 1 1000 00 00 00 00 00 01 STAA dd,Y state 26
100111 kokdkoR ok ket 000000 01 10 0000 0 0 | 0000 11 00 00 00 00 00 STAA dd,Y state 27
000001 010010 *k 101000 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd X state |
101000 Hokokkokok *k 101001 01 10 0001 0 1 1000 00 00 00 00 00 10 STAB dd,X state 28
101001 ok ok 000000 01 10 0001 0 0 0000 10 00 00 00 00 00 "STAB dd X state 29
000001 010011 * 101010 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd,Y state |
101010 Kook ok ki 101011 01 10 0001 0 i 1000 00 00 00 00 00 01 STAB dd,Y state 2A
101011 F kR ek 000000 01 10 0001 0 0 0000 11 00 00 00 00 00 STAB dd,Y state 2B
000001 010100 ko 000000 11 10 0010 0 1 1000 00 00 00 00 00 00 SUM BA state 1
000001 010101 ek 000000 01 11 0010 0 1 1000 00 00 00 00 00 00 SUM AB state 1
000001 010110 ** 000000 11 10 0011 0 1 1000 00 00 00 00 00 00 AND BAstate 1
000001 010111 *k 000000 01 11 0011 0 1 1000 00 00 00 00 00 00 AND AB state 1
000001 011000 ** 000000 i1 10 0100 0 i 1000 00 00 00 00 00 00 OR BA state 1
000001 011001 * 000000 01 i1 0100 0 1 1000 00 00 00 00 00 00 OR_ABstate |
000001 011010 bk 000000 11 10 0101 0 1 1000 00 00 00 00 00 00 COMA state |
000001 011011 i 000000 01 11 0110 0 1 1000 00 00 00 00 00 00 COMB state |
000001 011100 ol 000000 11 10 0111 0 i 1000 00 00 00 00 00 00 SHFA Lstate |
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REG | ADDR XY Disp
Pres State Opcode Flags | Next State Mux Sejeet Contrel | 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[5..0] ZN DI5..0 1.8} | [1..0] | [3.0] {ID | /W | XY [1..0} L/U L/ | L/U | L/U | YD LD | Present State Funetion
000001 011101 hok 000000 11 10 1000 0 1 1000 00 00 00 00 00 00 SHFA R state |
000001 011110 ** 000000 01 11 1001 0 1 1000 00 00 00 00 00 00 SHFB L state 1
000001 011111 ke 000000 01 11 1010 0 1 1000 00 00 00 00 00 00 SHFB R state |
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 Fkokkokok 0000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BEQ addr state 2C
101101 | & wodonn ** 000000 01 10 0000 0] 1 1000 00 00 00 00 00 00" BEQ addr state 2D
000001 100001 o* 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 ok okl ** 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BNE addr state 2E
101111 Hokokkok ok 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 Hokskkk g ok 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BN addr state 30
110001 ok R 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 i 1000 | 00 00 00 00 00 00 BP addr state 1
110010 Rk kokok ok *k 000000 | - 01 10 0000 0 1 0000 00 10 00 00 00 00 BP addrstate 32
110011 Hokkodedede ¥ F 000000 01 10 0000 0 i 1000 00 00 00 00 00 00 BP addrstate 33
000001 110000 * 000000 01 10 0000 0 1 1010 00 00 00 00 00 00 Increment X (INX)
000001 110001 HE 000000 01 10 0000 0 | 1 1001 00 00 00 00 00 00 Increment Y (INY)
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Controfler Input & Output
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