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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)

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) 5

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

06 11 hh | STAA addr address (extended addressing) 5
16-bit Store data in B to memory location addr

07 11 hh | STAB addr address (extended addressing) 5

08 i1 J] LDX #data 16-bit data Load X with immediate data (immediate addr.) 4

09 11 jj |LDY #data 16-bit data Load Y with immediate data (immediate addr.) 4

. Load X with data from memory location addr.
OA Il hh |LDX addr 16-bit addr (extended addressing) 6
0B I1 hh | LDY addr 16-bit addr Load Y with data fror_n 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

0D 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,¥ 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 dd STAAdd,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

13 dd STAB dd.Y 8-bit Store data in B to memory location pointed to 4

displacement

by Y + dd (indexed addressing)

Special Notes

1. Zflag and N flag are only set and cleared by the contents in register A.
2. Abranch 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 i1 — 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 bb — Lowe-order byte of a 16-bit address for a branch instruction




University of Florida
Department of Electrical & Computer Engineering

Page 1/6 G-CPU Controller Flow Charts

EEL 3701
Revision 0

Special Notes:

IR_LD

000000

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

2. R_/W isalways set H (read cycle)
unless otherwise specified in the

ASM chart.

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

INC_PC

000001

Instructions Listed on Next Pages...

Drs. Gugel and Schwartz
21-Nov-16

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
000010 000011 000100
A=>B B=>A data => A data=>B addrL => MARL
INC_PC INC_PC INC PC
000101
addrH => MARH
INC PC
000110
addr[] =>A
AddrSel = MAR
) 4 v v 4 l > Back to
State0
LDAB addr STAA addr STAB addr LDX #data LDY #data
000101 000110 000111 001000 001001
000111 001010 001101 010000 010010
addrL => MARL addrL => MARL addrL => MARL data => XL data=> YL
INC PC INC PC INC PC INC PC INC PC
001000 001011 001110 010001 010011
addrH => MARH addrH => MARH addrH => MARH data => XH data => YH
INC PC INC PC INC PC INC PC INC PC
001001 001100 001111
addr[] =>B A =>addr[ ] B =>addr[ ]
AddrSel = MAR AddrSel = MAR AddrSel = MAR
R_/W=0 R_/W=0
l l Back to
\ A 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
010100 011000 011100 011110 100000
addrL => MARL addrL => MARL dd => Xdisp dd => Ydisp dd => Xdisp
INC PC INC PC INC PC INC PC INC PC
010101 011001 011101 011111 100001
addrH => MARH addrH => MARH X[1=>A Y[]=>A X[]1=>B
INC PC INC PC AddrSel = X AddrSel = Y AddrSel = X
010110 011010
addr[] => XL addr[] =>YL
AddrSel = MAR AddrSel = MAR
INC MAR INC MAR
010111 011011
addr+1[] => XH addr+1[] => YH
AddrSel = MAR AddrSel = MAR
l l Back to
A Y 5 State0
LDAB dd,Y STAA dd,X STAAdd,Y STAB dd, X STAB dd,Y
001111 010000 010001 010010 010011
100010 100100 100110 101000 101010
dd => Ydisp dd => Xdisp dd => Ydisp dd => Xdisp dd => Ydisp
INC PC INC PC INC PC INC PC INC PC
100011 100101 100111 101001 101011
Y[1=>B
AddrSel = Y A=>X[] A=>Y[] B=>X[] B=>Y[]
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
A >

»  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 AANDB=>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 Bi2=>B
> Back to
State0
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Branch Instructions:

G-CPU Controller Flow Charts

BEQ addr BNE addr
100000 100001
Y N Y N
Y A
101100 101101 101110 101111
addr => PCL INC PC addr => PCL INC PC
v v v v > Back to
State0
BN addr
100010
Y N Y N
A A
110000 110001 110010 110011
addr => PCL INC PC addr => PCL INC PC
v v v , Backto

" State0
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Additional Instructions:

INX INY
110000 110001

Back to
State0
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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
Q[.0] | IRB.0] | ZzN | D[5.0] | [1.0] | [2.0] | [3.0] | LD | M | XY | [1.0] | LU | LU | LU | LIU | YD LD | Present State Function
000000 fokaiatolel *x 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 *x 000000 10 10 0000 0 1 1000 00 00 00 00 00 00 Transfer B to A (TBA)
000001 000010 *x 000010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA #data, state 1
000010 foiaiatolel *x 000000 00 10 0000 0 1 1000 00 00 00 00 00 00 LDAA #data, state 2
000001 000011 *x 000011 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB #data, state 1
000011 foiaiatolel *x 000000 01 00 0001 0 1 1000 00 00 00 00 00 00 LDAB #data, state 3
000001 000100 *x 000100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA addr, state 1
000100 foiaiatolel *x 000101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAA addr, state 4
000101 foiaiatolel *x 000110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAA addr, state 5
000110 foiaiatolel *x 000000 00 10 0000 0 1 0000 01 00 00 00 00 00 LDAA addr, state 6
000001 000101 *x 000111 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB addr, state 1
000111 faioieoiekad *x 001000 01 10 0000 0 1 1000 00 00 10 00 00 00 LDAB addr, state 7
001000 faioieoiekad *x 001001 01 10 0000 0 1 1000 00 00 01 00 00 00 LDAB addr, state 8
001001 faioieoiekad *x 000000 01 00 0000 0 1 0000 01 00 00 00 00 00 LDAB addr, state 9
000001 000110 *x 001010 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA addr, state 1
001010 faioieoiekad *x 001011 01 10 0000 0 1 1000 00 00 10 00 00 00 STAA addr, state A
001011 faioieoiekad *x 001100 01 10 0000 0 1 1000 00 00 01 00 00 00 STAA addr, state B
001100 Fkk gk *x 000000 01 10 0000 0 0 0000 01 00 00 00 00 00 STAA addr, state C
000001 000111 *x 001101 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB addr, state 1
001101 Fkk gk *x 001110 01 10 0000 0 1 1000 00 00 10 00 00 00 STAB addr, state D
001110 Fkk gk *x 001111 01 10 0000 0 1 1000 00 00 01 00 00 00 STAB addr, state E
001111 Fkk gk *x 000000 01 10 0001 0 0 0000 01 00 00 00 00 00 STAB addr, state F
000001 001000 *x 010000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDX #data, state 1
010000 Fkk gk *x 010001 01 10 0000 0 1 1000 00 00 00 10 00 00 LDX #data, state 10
010001 Fkkgk *x 000000 01 10 0000 0 1 1000 00 00 00 01 00 00 LDX #data, state 11
000001 001001 *x 010010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDY #data, state 1
010010 Fkkgk *x 010011 01 10 0000 0 1 1000 00 00 00 00 10 00 LDY #data, state 12
010011 Fkkgk *x 000000 01 10 0000 0 1 1000 00 00 00 00 01 00 LDY #data, state 13
000001 001010 *x 010100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDX addr, state 1
010100 Fkkgk *x 010101 01 10 0000 0 1 1000 00 00 10 00 00 00 LDX addr, state 14
010101 faioieioiekod *x 010110 01 10 0000 0 1 1000 00 00 01 00 00 00 LDX addr, state 15
010110 faioieioiekod *x 010111 01 10 0000 0 1 0100 01 00 00 10 00 00 LDX addr, state 16
010111 faioieioiekod *x 000000 01 10 0000 0 1 0000 01 00 00 01 00 00 LDX addr, state 17
000001 001011 *x 011000 01 10 0000 0 1 1000 00 00 00 00 00 00 LDY addr, state 1
011000 faioieioiekod *x 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
Q[.0] | IRB.0] | ZzN | D[5.0] | [1.0] | [2.0] | [3.0] | LD | M | XY | [1.0] | LU | LU | LU | LIU | YD LD | Present State Function
011001 fokaiatolel *x 011010 01 10 0000 0 1 1000 00 00 01 00 00 00 LDY addr, state 19
011010 fokaiatolel *x 011011 01 10 0000 0 1 0100 01 00 00 00 10 00 LDY addr, state 1A
011011 foiaiatolel *x 000000 01 10 0000 0 1 0000 01 00 00 00 01 00 LDY addr, state 1B
000001 001100 *x 011100 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA dd,X state 1
011100 foiaiatolel *x 011101 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAA dd,X state 1C
011101 foiaiatolel *x 000000 00 10 0000 0 1 0000 10 00 00 00 00 00 LDAA dd,X state 1D
000001 001101 *x 011110 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAA dd,Y state 1
011110 foiaiatolel *x 011111 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAA dd,Y state 1E
011111 foiaiatolel *x 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 foiaiatolel *x 100001 01 10 0000 0 1 1000 00 00 00 00 00 10 LDAB dd,X state 20
100001 foiaiatolel *x 000000 01 00 0000 0 1 0000 10 00 00 00 00 00 LDAB dd,X state 21
000001 001111 *x 100010 01 10 0000 0 1 1000 00 00 00 00 00 00 LDAB dd,Y state 1
100010 faioieoiekad *x 100011 01 10 0000 0 1 1000 00 00 00 00 00 01 LDAB dd,Y state 22
100011 faioieoiekad *x 000000 01 00 0000 0 1 0000 11 00 00 00 00 00 LDAB dd,Y state 23
000001 010000 *x 100100 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA dd, X state 1
100100 faioieoiekad *x 100101 01 10 0000 0 1 1000 00 00 00 00 00 10 STAA dd, X state 24
100101 faioieoiekad *x 000000 01 10 0000 0 0 0000 10 00 00 00 00 00 STAA dd, X state 25
000001 010001 *x 100110 01 10 0000 0 1 1000 00 00 00 00 00 00 STAA dd,Y state 1
100110 Fkk gk *x 100111 01 10 0000 0 1 1000 00 00 00 00 00 01 STAA dd,Y state 26
100111 Fkk gk *x 000000 01 10 0000 0 0 0000 11 00 00 00 00 00 STAA dd,Y state 27
000001 010010 *x 101000 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd,X state 1
101000 Fkk gk *x 101001 01 10 0001 0 1 1000 00 00 00 00 00 10 STAB dd,X state 28
101001 Fkk gk *x 000000 01 10 0001 0 0 0000 10 00 00 00 00 00 STAB dd,X state 29
000001 010011 *x 101010 01 10 0000 0 1 1000 00 00 00 00 00 00 STAB dd,Y state 1
101010 Fkkgk *x 101011 01 10 0001 0 1 1000 00 00 00 00 00 01 STAB dd,Y state 2A
101011 Fkkgk *x 000000 01 10 0001 0 0 0000 11 00 00 00 00 00 STAB dd,Y state 2B
000001 010100 *x 000000 11 10 0010 0 1 1000 00 00 00 00 00 00 SUM_BA state 1
000001 010101 *x 000000 01 11 0010 0 1 1000 00 00 00 00 00 00 SUM_AB state 1
000001 010110 *x 000000 11 10 0011 0 1 1000 00 00 00 00 00 00 AND_BA state 1
000001 010111 *x 000000 01 11 0011 0 1 1000 00 00 00 00 00 00 AND_AB state 1
000001 011000 *x 000000 11 10 0100 0 1 1000 00 00 00 00 00 00 OR_BA state 1
000001 011001 *x 000000 01 11 0100 0 1 1000 00 00 00 00 00 00 OR_AB state 1
000001 011010 *x 000000 11 10 0101 0 1 1000 00 00 00 00 00 00 COMA state 1
000001 011011 *x 000000 01 11 0110 0 1 1000 00 00 00 00 00 00 COMB state 1
000001 011100 *x 000000 11 10 0111 0 1 1000 00 00 00 00 00 00 SHFA L state 1
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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
QJ5..0] IR[5..0] ZN D[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 ** 000000 11 10 1000 0 1 1000 00 00 00 00 00 00 SHFA R state 1
000001 011110 ** 000000 01 11 1001 0 1 1000 00 00 00 00 00 00 SHFB_L state 1
000001 011111 ** 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 Fkkkokk ** 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BEQ addr state 2C
101101 Fkkkokk ** 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 Fkkkokk ** 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BNE addr state 2E
101111 Fkkkokk ** 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 iaiaieielel *x 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BN addr state 30
110001 iaiaieielel *x 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 iaiaieielel *x 000000 01 10 0000 0 1 0000 00 10 00 00 00 00 BP addr state 32
110011 iaiaieieiel *x 000000 01 10 0000 0 1 1000 00 00 00 00 00 00 BP addr state 33
000001 110000 *x 000000 01 10 0000 0 1 1010 00 00 00 00 00 00 Increment X (INX)
000001 110001 *x 000000 01 10 0000 0 1 1001 00 00 00 00 00 00 Increment Y (INY)
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EPROM Range

SRAM Range

$0000 to $0FFF (read only)
$1000 to $1FFF (read/write)

clock
inst11

MCLK

Block type: AUTO
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CPU ASM Controller

controller
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inst

Program Counter (PC) &
Memory Address Register (MAR) & Index Regs (X,Y)
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inst7 — 0]
/X_LD_LOWER X_INC YDISP[7..0] 2
/X_LD_UPPER X_LD_L
Arithmetic Logic Unit (ALU YING e
rithmetic Logic Unit (ALU) 7 LD LOWER Y_INC
alu /Y_LD_UPPER YLD L
CLK ALU[7..0] o MAR_INC /Y_LD_U
/RESET CLK ouTI7..0] NEG_FLAG /MAR_LD_LOWER | | MARLINC
VSO /RESET NEG_FLAG ZERO_FLAG /MAR_LD_UPPER IMAR_LD_L
L0 MSA[1.0]  ZERO_FLAG ATl ADDR SELO IMAR_LD_U
o MSCI3..0 MSBI1..0] REGA[7..0] B[7..0] ADDR_SELL ADDR_SELO
oI MSC[3..0] REGBJ[7..0] %5 15 ADDR_SEL1
DATA[7..0] Yb.ID XD_LD
YD_LD
inst6 inst5

Project: computer



Date: November 10, 2010 controller.bdf Project: computer

Controller Input & Output

Controller Logic Controller Outputs
CiK [—
T S e T T DATA31 D5
IRESET [ ] altsyncram?2
SR TR B g xADDRESS[lB.D] address|[13..0] - q[31.0] DATA[31..0]x DATAS0 o4
NEG_FLAG I g s
: EX] DATA29 D3
iR{5..0]
" MCLK  clock Z
inst  Block Type: AUTO - DATA28 D2
. File=controller_rom.mif
MELK D—%&J—'
DATA27 D1
DATA26 DO
ASM State Generation DATAZS MSAL
DATA24 MSAQO
Q5
DATA23 MSB1
DATA22 MSBO
DATA21 MSC3
QUTBTT R Rl DATA20 MSC2
{QUTBUT —~"ADDR_SELT
Q4
QUTPUT [ ADDR_SELO
e S5 DATA19 MSC1
QUIBIE B D DATA18 MSCO
DATA17 /IR_LD
Debug Purposes
o e DATA16 R_/W
OUTBUT =~ "ADDRESS[13.0] Q3
{QUTBUT =" DATAS1.0]
DATA15 PC_INC
. DATA14 MAR_INC
Controller Inputs (State, Flags, Instruction)
DATA13 X_INC
WIRE
Q5 S ADDRESS13 DATA12 Y_INC
Q4 ADDRESS12 Q2
DATA11 WIRE ADDR_SEL1
Q3 ADDRESS11
DATA10 ADDR_SELO
Q2 ADDRESS10
DATA9 /PC_LD_LOWER
QL ADDRESS9 DATA8 ?I>O /PC_LD_UPPER
Q0 ADDRESS8 1 H
DATA7 N‘bo /MAR_LD_LOWER
1
IRS ADDRESS7 DATA6 Nj>c /MAR_LD_UPPER
1
IR4 ADDRESS6 fc DATAS N}O /X_LD_LOWER
IR3 ADDRESSS DATA4 /X_LD_UPPER
IR2 ADDRESS4 Q
DATA3 NG /Y_LD_LOWER
IR1 ADDRESS3 1
DATA2 N /Y_LD_UPPER
IRO ADDRESS2
DATA1 XD_LD
ZERO_FLAG WRE_ ADDRESS1
DATAO YD_LD
NEG_FLAG ADDRESSO

11



Date: November 21, 2016 ir.bdf Project: computer

Instruction Register (IR)

VEET
i CLK I -
: vee DATAO - 21mux DFF_(!)_
{ IRESET [T IRO B v PRN IRO
D Q
{IR (D MBI IR LD s —>
; : MULTIPLEXER
{ DATA[5..0] [ SEVETIE CLK 1 1 chg
L J
% IR[5..0] H /RESET —r——
DATAL n Z1mux "
/IR_LENO{T>O IR_LD IR1 B v PRN IR1
D Q
R S oD
5, MULTIPLEXER .
1. 9
'_
21mux
DATA2 A DFF (|)
IR2 B v PR 0 IR2
S o
30 MULTIPLEXER .
24 O
'_
]
21mux
DATA3 A DFF é
IR3 B v PR 0 IR3
o< S oD
i1 MULTIPLEXER .
35O
‘_
DATA4 X DFF':J;"
IR4 B v 5 PRN 0 IR4
S oD
36 MULTIPLEXER .
44 Q
‘_
DATA5 _—ZmuX DFF':(L:"
IR5 B v 5 PRN 0 IR5
s b
37 MULTIPLEXER .
45 9

12



Date: November 21, 2016

Mux A, Mux B, Reg A, Reg B Block

alu.bdf

Mux C Block
74153 —16Tmux s T 46Tmux . “Aeimux G 161mux
Miﬁ? s MSBO R - T REGBY C MSC! o I ;c o MSC!
B A o 7 C: SEL3 SC. SEL3 SC. SEL3 . 3
Lqien MSB1 B CLK seL2 o s o s = 2
DATAQ 1c0 —q 16N TR ) o seut o seut s 1
REGAQ 1c1 DATAQ 1co » s st sk | se0 D set0
o s M REom - REG g™ REGBT, | . REGB2 REGB3 | | 1~
ouTo 1c3 ov AL REGBO 102 = X;SE BO. iy *Boeel Nt *Sove | oM
> q2oN ouTo 1c3 2v XxSUMO 1y, N2 SISy
DATA1 200 T d2on ANDO |12 ANDT |12 AND2 ANDS ||\
REGA1 DATA1 ORO OR1 OR2 OR3
Heme—e 21 P 2c0 st IN4 M= INd. M=t M= INd
REGB1 202 REGAT 21 REGBY NEGAO | e zégg: e :Eggg zggég e
et = T et S REGAO| |1 REGAT REGA2 | o
2 - C C
tan. MULTIPLEXER o REGAT. |/ ouTo *Recaz] | ouTt XREGA3] ouT2 *Recas |V ouT3.
1a7_MULTIPLEXER e e o e *REoat] ou *rEosal |8
—{ino *REGBIL I yng —{INo
REGBT_| i REGB2 |\ REGB3| | 1o REGBA._| 1o
D% . IN11 D ¢ IN11 D . INT1 D » IN11
74153 —{ iz —{ 2 INT2 —| N12
MSAO 7T -
74153 —{nis {13 IN13 —| IN13
VSAT MSBO P REGBZ via M wa Wi s
g 1en »MSB1 8 s s n1s it
AT 1c0 u DATAZ - 1eN ™ ! ™
):Eggg - A2 REGAZ b
1c2 1c1
ouT2 103 MEws RESET REGB2 102 ol
i ouT2 161mux
Ld2en s 1ca o D &p &0 e
DATAS T Haco gi »— q2oN MSC3 MSC3 MSC3 MSC3 | |on
REGA3 21 L [ REGAY L DATA3 200 Visca | SEL *MagesEL NSy sE Necy{sE
s seooy et st e
2C3 P 2c2 MSCO0 MSCOo MSCO
MULTIPLEXER ouTs 23 REGAS| | 5E0 REGAG, | oor” REGA7 | o0
1 =22l iND P e *o=2Rl N0
110 MULTIPLEXER REGB5| |\ REGB6| | REGB7. | 1
SUM5 || 00 SUM6 SUMZ ||\
ANDS || 2 ANDG AND7 |\
ORs | | i OR6 | OR7T ' |\a
- NEGAS|_|,1¢ NEGA6 | NEGA7 | e
P - &7 nso e e Taeces e
MSA1 Kk [ 9 MSBO o] | REGB: N7 %REGALL 1y, ouTs *REene | oute N7 ourr
MSB1 JCL . QESQ? —|me oun oot 222‘5\2 e ov REGB5| | o REGBS | o
»DATAL YREGBS |1 ¥ REGBG_| I REGB7| | e ™
REGA4 ! DATA4 1 *TEEES L INTO *E2ER L INTO P IN1O
REGB4 A4 REGA4 121 o N1 o IN11 e . IN11
ouT4 MEwS REGB4 - — IN12 —IN12 - —{IN12
2 ouT4 2y IN13 IN13 IN13
DATAS = IN14 1 IN14 — +— IN14
REGAS _REGA3 DATAS |15 s s - | nts
2c1 L
REGB5 202 CLK REGAS REGBS o1 bon ” 198
OUTS 203 REGB5
s 0UTS )
1a1. MOLTIPLEXER, 2.9 MSC3:0 Selection
14z, MULTIPLEXER
0000 REGA
0001 REGB
MSAQ 14153 REG iy 0010 Sum(AB)
MSAT x—mgg(‘] _REGBG 0011 AND(AB)
DATA6 Tden 0100 OR(AB)
e . o 190 ' 0101 COMA
[ 1ct
0oUT6 x A7 REGB6 ez y| B8 RESET 0110 COMB
s ouTe P o B7 0111 SHFA_Left
»— 26N .
REGA7 REG DATA7 9 200 . 1000 SHFA_Right
i Recr s o — 1001 SHFB_Left
2c2 .
CTPLEXER 3 ouT? 203 1010 SHFB_Right
145 MULTIPLEXER 3
JRESET
; [RESET )
Sum & Carry Flag Generation AND Generation OR Generation Negate A Negate B 7 &N Flag Generation
Input & Output Signals ’ NEGEQ, -
 REGA
CIN REGA |
At NEGBA  REGA: |
Bl SuMt < REGA! JERO FLAG
A2 sUM2 >(;REGA 4&
B! Sum3 >(;REGA
A3 SUM4  REGA( |
B3 CcouT 0uUT0 REGA! Tsl
Ad
) SUM4,
Debug Signals SUMh
,, SUM6
U SRR o] SUM7
" coQT1
163, 4 BT ADDER

Project: computer



alu.bdf

Mux A, Mux B, Reg A, Reg B Block

=il
=

. REGA(

| REGA{

| REGA2

| REGA3

MSAQ 5
MSAT s
BN
DATAD 1o
REGAD “ier
REGHO P | A
OUTO " ics A
L zem
DATA1 A P
REGAT oy
REGDT 202
oUTH P
125, MULTPLEXER
MSAQ = 4153
MSAT .
— ifen
DATAZ “aco
REGAZ " iet
REGE2 i Wl A2
ouTZ C e 2y Al
26N
DATA3 i P
REGA3 21
REGE3 202
oUT3 s
12 WULTPLEXER
MSAD e
MSA1 5
— icl1GN
DATA4 P
REGA4 et
REGB4 P | Ad
OUT4 G MEws
b ol2en
patAas Y9550
REGAG e
REGES Pl
oUTS 2
MSAQ :
MSAT é
DATAG 1o
REGAG " ict
REGEG " iyco v A6
OUTE C l1cs . AT
b 26N
patar Y9550
REGAT 01
REGE? 202
ouT? _ l2cs
44 MULTIPLEXER

. REGBY

| REGBY

. REGBR

| REGB3

. REGE4

. REGBS

MSB0
MSB1
DATAD
REGAD
REGEO
QuTo
DATAA
REGAA
REGEA
QuUT1
MSB0
MSE1
DATAZ
REGAZ2
REGE2
QuT2
DATAZ
REGA3
REGE3 o
QuT3 L loca
14 MOLTPLEXER |
MSBO e
MSB! e
— iofcon
DATA4 e
REGAZ ier
REGEA e -
ouT4 163 v
| 2GN
DATAR : sco
REGAL 201
REGBA 502
QuUTA . |ac3
14z MULTPLEXER
MSED - 74183
M5B : B
ST
DATAG e
REGAG 1 Do
REGEG e o
0UTG e M
y i 7on
DATA7 P
REGAT e
REGBT o
outr 2c3

ii43_ MULTIPLEXER

. REGBS

| REGBJ




alu.bdf

Mux C Block
g g g
>EE‘I%C3 — (o * S’Igm o >EE‘I%C3 — (o
“mecr T *Mser | “mecz T
Msc1 | S e Msct |
* “psco | e *wsco | Msco | o
* *REGATT |00 *REGAZT |00 *REGAZT |00
*REGBO. | “ReceT |"° *REcez . |™° “Reces|"°
- xomijm WINB st
“NEGAT | M “NEGAZ | I “NEGAT | M
“NEGBO! | “NEGBT. | “NEGB2: |"° “NEGB3. |'°
*E REGAD. |h° REGAT. |"® “REGAZ |"®
== INT N7 N7 P . Y
@— N OUT OuTo EEE‘;E —{ms  ouT OUTH ggg‘;‘? —ms  ouT OuT2 EEES’; —{ms  ouT ﬂx
*REGET ™ rEGez |"™® REcas |"™@ rREGd | g
= 10 —{ 10 — 10 —{ 10
Gk, — N1 G0, N1 Gk, — N1 G0, —] INT1
=z 12 =z =1z
— 13 IN13 — 13 —{ N13
s — ta - — ta
IN15 IN15 IN15 IN15
HB4 U G HSE.
g g g o
“mscr “mecr “mscr “mecr
*Msoz | “msez | *Wsoz | “mscz |
S S b S S b
sco oI sco “wMsco |
“REGAT. | EH0 “REGAE | B0 “REGAE. |20 “REGAT | B0
*REGed. | " “Reces |"° *REGee: | " “Recer|"°
“soma | “some | “some | “somr |
*AnDd "2 “aNDs M2 *ANDE "2 “aND7 M2
*ORd N3 *BRE ] N3 *ORE N3 *BRT ] N3
“NEcAar ™ “Necas ™ “NEcas ™ “Necar ™
*NEGed |"® *NEGES | *NEGes |"° *NEGBT |
_ NG P ] -3 ~{ INs
REGA3 |, “REGAT_|,° REGAS: |, REGAG |, :
REGAS: e ourl_ OUT4. “REGAE |, oyl OUTS. ~REGAT |,.. ol OUTE, GD . |0 ol OUTT
REGB3: |, REGBZ. |, REGES |, REGEG . |,q
REGBE | 1o REGBE. |, REGET |pio R
e i G, W11 e 11 G, i
=iz 12 12 .
IN13 13 IN13 13
IMN14 IN14 IN14 IN14
IN15 fs IN15 —{ 15 IN15
xS 21 S G HEB. e
MSC3:0 Selection
0000 REGA
0001 REGB
0010 Sum(A,B)
0011 AND(AB)
0100 OR(AB)
0101 COMA
0110 COMB
0111 SHFA_Left
1000 SHFA_Right
1001 SHFB_Left
1010 SHFB_Right



alu.bdf

Sum & Carry Flag Generation AND Generation OR Generation

“REGBO ;| }—A100

SUMD ;
SUNT O -
SUM2

SUM3 D e
COoUTD ]

REGA3 Moz

ANDT

ANDZ

AND3

REGA4 Mo

AND4

COUTD A
REGA4 g i
_ REGBA 5 s L SUM4,  »EECES
Debug Signals REGAS ] SUME e
o REGBS z SUME s
QU R ) REGAG a e | SUMT EEE‘;‘E — ™
o : REGEG a3 cour L COUT w—ig ./
b N H H
: 3 REGAT : A4 REGAT AN
REGBT — B4 “REGBT —
;153 4 BIT ADDER x—.z"-_"") ....... ;

ANDS

0

ANDB

ANDY




alu.bdf

Negate A Negate B Z & N Flag Generation

L AR 'q\ """"" gt e .
REGAD ﬂCBC g NEGAD REGED :Gbc g NEGED REGAD s
P T : s SO : REGAT : :

REGAS

REGA1 “‘50 NEGA1 REGBH1 “550 NEGB1 REGAZ

b S : bl L : REGAD ::':>O ZERO_FLAG
T : PR : REGAS : :
REGAZ :T;o NEGAZ REGB?2 f;o | NEGB2 SEGAE

2ag ] : 2 = f REGAT

REGA3 KBO NEGAS3 REGB3 W>C NEGB3 e |
s e

[T

REGAT . NEG FLAG

REGA4 5‘*"‘50 . NEGA4 REGB4 ‘*CBO NEGB4

REGAS ﬂﬂbo MNEGAS REGBA ‘*BC NEGBS

REGAG ‘*"bc NEGAG REGEG ‘*“bo NEGBG

REGAT ‘*Gbc NEGAT REGBT7 ‘*‘”bo NEGBT
4 : e :



Date: November 21, 2016

Program Counter Register

Memory Address Register

X Index Register

pc_mar_ix.bdf

Y Index Register

X Displ. Generation

Y Displ. Generation

74161 ey
g/(\:wlx_g) L o MR oL | LDN74161 XD L LDN74161 L g anmm Clguas CIN74283
A DATAO DATAQ DATAQ
DATAT 5 A PCQ A A A Al A1
DATAZ Q 0 DATA1 5 o MARO DATA1 5 oal__X0 DATA1 5 ol Y0 I [V XAD YDISPO | |5y suwm YAD
DATAS c a8 s DATA2 s o MART DATA2 . osl_X1 DATA2 . a1 o sumz XAl Y1 a2 sumz YA
D ac e DATA3 5 o MAR2 DATA3 X2 DATA3 Y2 X YDISP1 Y.
Jum ao PC_TCO ENT ap MARS3 ZNT gﬁ X3 ENT gﬁ AE] *Z ij xA3 Y2 0 oo YA
PC_INC 1 ] — A3 sum4
ENP RCO|
RESET MAR INC LTI oo MAR_TCO, xINc_ [Tl o[ X Teq YINe [Tl riol Y TC0 XDISP2_ o cout|— YDISP2 o courl
£ CLRN JRESET detra RESET | | con JRESET "~ vy X3 na Y3 na
CLK cik CcLK ok cLK " CLK ik »XDISP3 | 15, YDISP3 | gy
COUNTER
3 171___COUNTER 123 COUNTER 127 COUNTER 1314 BITADDER 140.4 BT ADDER
74161
/PC LD L o MAR LD L 74161 XD L 74161 N DL 74161 o o
DATA4 A *patAd TN *pataz Q"N X pAtAs 9™ X4 Al Y4 A1
DATAS
B o Pe DATA5 A MAR4 DATA5 A x4 DATA5 A v4 XDISP4 151 sumt X4 YDISP4 | fg1  sumt YAd
gﬁlﬁg c a8 Eg DATA6 g gA MARS DATA6 i g‘; X5 DATA6 g g‘; Y5 ;gISPS A2 sum2 Xbo Y5 A2 sum2 At
o ac DATA? ° " wARe DATA? X6 DATAT Y6 {82 sum X6 JDISPS - 1g2  sums V8
PC_TCO Jum an gg et e s MAR? e ol X7 e ol e A3 sumd X e AS sumd .
&——{ENP  RCO MAR TCO [ MAR _TC1 xTco [ X _TC, Y_TCO Y TCi xXOISP6___1g3  cout | xYDISPS___1g3  cour |
/RESET _d CLRN /RESET 4 ENP RCO! JRESET © ENP RCO! JRESET © ENP RCO| X7 A4 Y7 AL
oK »RESEL g clRn £ oLRN »RESEL g iR XDISPT | |5, YDISP7 | gy
cLK CLK LK
. conTER CLK c CcLK CLK CLK 133 4 BIT ADDER 1414 BIT ADDER
172 COUNTER 124 COUNTER 128 COUNTER
74161
/PC_LD
C LD U dton /MAR_LD_U 4161 X LD_U 74181 N LD U 74161 X8 ° v8 R
DATAO A DATAO ~( LDN DATAQ +~C LDN DATAO | LDN Al Al vag
DATAT A
o B o £C DATAI n on MARS DATAT . onlL_x8 DATAI A Y8 X9 B suw XAD Yo &1 suw YA9
B QA A2 sSUM2 A2 Sum2
DATA3 ¢ a8 PC DATAZ c a8 MARS DATAZ c as|—+X2 DATAZ c gl B2 suM3 XA B2 sUM3 YA
) ac 5ot DATA3 5 P MAR10 DATA3 5 Qo __X10 DATA3 o Y10 x10 a5 sume XA{ Y10 YA{}
e o PC_TC2 ENT ap MAR1T ENT ap X1 a Y B3 COUT % oot
PC TC1 — — | - -
o—ene  Reo MAR TC1 [ MAR TCZ xTc1 [ X_TC3 vrer [ |2V PV T2 x11 Y11 85 cour
/RESET “d cLrRN JRESET 4 ENP RCO! JRESET & ENP RCO! JRESET L 2 ENP RCO| A4 A4
CLK H¥———————+CCLRN +( CLRN ¥————————+ CLRN B4 B4
CLK CLK CLK CLK 135 4 BIT ADDER 4 BIT ADDER
» GOUNTER CLK CLK CLK 142
173 COUNTER 125 COUNTER 129 COUNTER
/PC LD U 74161 74161 74161 74161 X12 Y12
N /MAR LD U X LD U /Y LD U A1 A1
DATA4 T e R e T e I LON XA12 YALR
DATAS A . DATA%4 A DATA4 A DATA4 N x13 BT sumt A 1 BT sumt VA
DATAG B QA e DATAS 5 o MAR12 DATAS 5 oAl X12 DATAS 5 oal_Y12 A2 sum2 A X A2 sum2
e c 8 e DATAG s o MAR13 DATAG e AR DATA6 e IR " B2 sums A " B2 suMs YAL
o ac| ot DATA? 5 P MART4 DATA? 5 Qol__X4 DATA7 o col_ Y14 £ A3 SUM4 o A3 SUM4 YA
“— ENT Qb MAR15 X15 Y15 B3 COUT|— B3  COUT|—
PC TC2 & lew  reo— mar To2 [ |EVT a0 X_TC2 an vTice [T |2V an £15 A 15 "
/RESET ENP RCO— RCO— \ g ENP RCO[—
- cLRN JRESET /RESET JRESET B4 B4
CLK —C CLRN ~C CLRN *¥——————+C CLRN
CLK CLK ok CLK o CLK 136 4 BIT ADDER 143 4 BIT ADDER
CLK
33 COUNTER
174 COUNTER 126 COUNTER 130 COUNTER =
) xdr_y
Input / Output Signals cLK XDISP[7..0]
JRESET T |G XD[7.0] ACEZATM
XD_LD IRESET YD[7..0]
Address Selection/Generation YD_LD Xb_Lb
DATA[7-0] YD_LD
DATA[7..0]
instT
MUX41
pco ] o pca - pcs  $77] o o Ny
o 50
;A//:g{ 0 o ADDRQ ;A:AR : o ADDR4 x_&\\; . o ADDRg g:?zm o ADDR]2
YAQ 2 YA4 2 YA8 2 YA12 2
ADDR_SEL1 ‘:: ADDR_SEL1 ‘: ADDR_SEL1 3 ADDR_SEL1 »
ADDR_SELO ADDR_SELO ADDR_SELO e ADDR_SELO &
poi ] o PC5 " PCY PC13
MART - MARS - MARY » MAR13 -
— o o
éﬁl » o ADDRY ?22 » o ADDRS iig » | ADDRg éﬁg . o ADDRY3
ADDR_SEL1 ‘;: ADDR_SEL1 » ADDR_SEL1 3 ADDR_SEL1 »
ADDR_SELO ADDR_SELO s ADDR_SELO = ADDR_SELO s
ADDR_SEL1:0 __Addr Output
0 0 PC Register
0 1 MAR Register
10 X + Displ. PC2 PC6 pcio (™ pcia 9™
1 1 Y + Displ. MAR2 0 MAR6 e MART0 0 MAR14 o
XA2 o ADDI XA6 o ADD XA10 o o
X2 - J R2 X5 - d RG - |- ADDRI0 XA14 . o ADDR{a
ADDR SEL1 :: ADDR_SEL1 » ADDR SY;L110 3 ADDR svt=f\|_114 »
B s KA O] ADDR_SELO - ADDR_SELO s ADDR_SELO s ADDR_SELO s
Debug Signals
o oy L (O] Pc3 ™ pPc7 ™ pc11 | |™ PC15 e
LB RAR(S 0] MAR3 0 MAR7 0 MAR11 0 MAR15 0
e S Y (N0 XA3 o ADDR3 XXAT o ADDR7 XAl o ADDR]1 XA15 o ADDR15
ORI {i5.0] YA3 :i b YA7 o2 YA11 2 b YA15 °
LB KBS 6] ADDR_SEL1 - ADDR_SEL1 » ADDR_SEL1 3 ADDR_SEL1 »
e S CL L) ADDR_SELO b ADDR_SELO :: ADDR_SELO s ADDR_SELO ::
£ T 162, 69 ]

Project: computer



pc_mar_ix.bdf

Program Counter Register Memory Address Register X Index Register Y Index Register
S ik g g g ekl bl i g E e ———————— 74161
74161 I 74161 X LD L 74161 Y LD L
e W ==
* fngkg 3 o Lon E “ mﬁrRABLD L dion *Sitap 1@ ’;DN . DATAD = ;DN
*DATA 2 PCY X DaTAl 2 MARO . . _DATAI . QA X0, DATAI B a9
o B x PCY % e Tio B QA MAR1 .~ DATAZ e GG X1, DATA2 c QB :; x
* ¢ b c QB x X . DATA3 x
. DATA3 N ac gg S _DATA3 5 o mg x w—DATA3 D ac g X s gcc 5
a X ENT QD x al
wPome  [ED PCICO _wmarwc [T O warver: , xmwe 19T Ovef yme [l meol Y I00
~ IRESET d ctan X RESET il RESET | 1 ian wRESET_" 1 o cian
. CLK —_— CLK N s CLK i s CLK cLK
b o UNTER 127z COUNTER
3 COUNTER 171 COUNTER f1za COUNTER i
iy e e s -~
74161 74161 X LD L 74161 Y LD L
x*
* ?ﬁk‘? : i i e — ST 7Y R < DpATAL 1™
*~DATAS . PC4, ol A MARY . DATAS oal-X4 , , DATAS 8 QA
*DATAG 4 i pCS g B CAT—MARE < X DATAG B X5 . DATA6 c aBf——t2
A c as POk #—DATAS c a8 X gy £ %BT%6 % < DATA7 Y6
7 DATAT D ac PC{, DATAT o = MARG | DATA7 12 acle—x % D oct——m—x
* * MAR7 2 ENT ap X
FC 100 > PC,JC! ENT OO MAR TG xtco T8¢ SITxwef . yiee [TI5w o vici,
»PeTc0 L llow  Reo X wMARTCO & | oo geo X —jpmec——@——{ENP  RCO k  w—rerr
3 IESET d cLrn /RESET B e — R g cLRN *—=>=—— g CLRN
LK oK _ CLK . CLK ok « CLK e |
5% * CLK i = 18 COUNTER |
4___ COUNTER 172 COUNTER | 126 COUNTER 28  COUNTER |
74161 74161 74161
w PC LD U dion _/MAR LD U = 74161 xfx:DU dion ::N;DU dion
¥ DATAO a *DATAD S i * DATAD i w—DATAD A Y8
- DATA1 PC8, *DATA1 A MARS = DATA1 B QA X8 . . DATA1 B QA X
X DATAZ . - PC *DATAZ & CATTMARS T DATA2 - osl——X9 5 x DATA2 c aBf——Y2-—x
*DATA3 b ac PC *DATA3 : [ —mARIC X DATA3 £ o[ xi0 < DATA3 5 acf— 10
B ENT ap £eld i ap MARIL_, ENT aop+XIL_y 5l i Yo,
PC_TC1 | Enp RCO L 328 MAR TC1 [ ::; o MAR TC2Z  XTC1 Q| | 0o RCO XTCS .TRET;:T - lee RCO *
s /RESET 0 CLRN E-"RESEF L d cirn /RESET L ¢] CLRN (] CLRN
ye—CLK Cclx CLK . ClK s s CIK e
h X - h OUNTER 122 COUNTER
8y COUNTER: | | 173 COUNTER | 128 COUNMTER o i COUNTER il
AT S ———— —— — 74161
74161 74161 74161 N LD U
X LD U YLDU
o Cr v o ion MARLD U, Jiow *oatas 1" < DATAt ™™
> DATAS “ PC *DATAS A MARI2 . . DATAS 2 aabX12, [ TDATAS 8 aal+Y12__
*"DATA6 7 o PC X o ot MAR13 ., .. DATAG X13,, ., DATA6 o aBl——Y13__
* c QB S5C 14 s DATAG c QB T TP ) * DATAT c aB xX14 5 = DATAT Y14 a
_DATA7 o et *—DATAT 5 = MARIA o ac X % D rTvie
' an = - ENT QD 15 ¥ ENT Qb X15 K Y TC2 ENT apD *
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