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Name: _______________

Remember to show ALL work here and in EVERY problem on this exam.

[10%] 1. Circuit Analysis

What is the logic equation for X in the given circuit? Do not simplify or transform it into an SOP or POS form. Leave the logic expression as it is after

analysis. Also, draw the intermediate expression at the input to each gate.

- Notation reminder: A(H) is the same as A.H

- Boolean expression answers must be in lexical order, i.e., /A before A, A before B, etc.

EQUATION: X = (/A·B + C·/D·/E) · (/A·C + /B) + /A·/B

Mixed-logic circuit diagram:

Top path:

- A(L) with activation level /A.H into first AND gate with B(H) ? output /A·B

- C(H), D(L) with /D.H, E(L) with /E.H into second AND gate ? output C·/D·/E

- /A·B and C·/D·/E feed into OR gate ? output (/A·B + C·/D·/E)

Middle path:

- A(L) with /A.H and C(H) into AND gate ? output /A·C

- B(L) with /B.H feeds into next gate

- /A·C and /B feed into OR gate with bubble ? output complement of (/A·C + /B)

  Wait, the bubble inverts: output = /A·C + /B (after double inversion via mixed logic)

Bottom path:

- A(L) with /A.H and B(H) into AND gate ? output /A·/B

Final combination:

- (/A·B + C·/D·/E) output and (/A·C + /B) output feed into AND gate

- Result and /A·/B feed into final OR gate with bubble

- Output: X(L) which means X.H = (/A·B + C·/D·/E)·(/A·C + /B) + /A·/B

Gate-by-gate intermediate labels:

- First gate (top left): A(L), B(H) ? /A·B

- Second gate: C(H), D(L), E(L) ? C·/D·/E

- Third gate (OR): /A·B, C·/D·/E ? (/A·B + C·/D·/E)

- Fourth gate: A(L), C(H) ? /A·C

- Fifth gate (inverter/buffer): B(L) ? /B

- Sixth gate: /A·C, /B ? /A·C + /B (with output bubble showing complement notation)

- Seventh gate (AND): (/A·B + C·/D·/E) and (/A·C + /B) ? product term

- Eighth gate (bottom): A(L), B(H) ? /A·/B

- Final gate: combines product and /A·/B ? X(L)

Boxed answer: X = (/A·B + C·/D·/E)·(/A·C + /B) + /A·/B
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[15%] 7. GCPU Assembly Programming (Use the G-CPU instruction set attached to this test)

Write an entire G-CPU program to copy all the positive values in a table called TAB1 (beginning at address $3000) to another table called TAB2

(beginning at address $7000). TAB1 has 200 1-byte values already in memory. There is a 16-KB ROM for your program, starting at address 0 and a

32-KB SRAM, starting at $4000 for data. Be sure to initialize all necessary values, variables, etc., assume no initializations are done for you. Be sure to

properly terminate the program (so it does not execute past the end of your program). Use labels instead of numbers in assembly instructions wherever

possible.

Solution program:

Labels    | Instructions      | Comments

----------|--------------------|-----------------------

TAB1      | EQU $3000          | already in memory

TAB2      | EQU $7000          |

          | ORG $4000          | beginning of SRAM

COUNT     | DC.B 200           | $200 declared? No: 200 decimal = $C8

          |                    |

          | ORG $0000          | COUNT EQU $4000

          | LDX #TAB1          | LDAA #200

          | LDY #TAB2          | STAA COUNT

          |                    |

LOOP      | LDAA 0,X           | load next byte

          | BN SKIP            | if negative, skip (branch if N flag set)

          | STAA 0,Y           | if positive, store in TAB2 and INY

          | INY                | increment TAB2 pointer

SKIP      | INX                | next byte in TAB1

          |                    |

          | LDAA COUNT         | load counter

          | LDAB #$FF          | load -1 (for decrement)

          | SUM_BA             | subtract 1 (actually: A = A + $FF, which is A - 1 with borrow)

Wait, SUM_BA puts result in A. Then check:

          | STAA COUNT         | store counter

          | BNE LOOP           | if not zero, continue loop

FIN       | BEQ FIN            | halt (infinite loop when done)

Handwritten marginal notes:

- "COUNT EQU $4000" and "LDAA #200" and "STAA COUNT" shown as alternative approach

- Arrow from STRT pointing to LDX #TAB1
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GCPU Instructions

Data Movement Instructions:

Opcode | Instruction | Operand      | Description                                           | # of States

0      | TAB         | none         | Transfer A to B (inherent addressing)                 | 2

1      | TBA         | none         | Transfer B to A (inherent addressing)                 | 2

2      | LDAA #data  | 8 bit data   | Load A with immediate data (immediate addr.)          | 3

3      | LDAB #data  | 8 bit data   | Load B with immediate data (immediate addr.)          | 3

4      | LDAA addr   | 16 bit address | Load A with data from memory location addr (extended addressing) | 5

5      | LDAB addr   | 16 bit address | Load B with data from memory location addr (extended addressing) | 5

6      | STAA addr   | 16 bit address | Store data in A to memory location addr (extended addressing) | 5

7      | STAB addr   | 16 bit address | Store data in B to memory location addr (extended addressing) | 5

8      | LDX #data   | 16 bit data  | Load X with immediate data (immediate addr.)           | 4

9      | LDY #data   | 16 bit data  | Load Y with immediate data (immediate addr.)           | 4

A      | LDX addr    | 16 bit addr  | Load X with data from memory location addr. (extended addressing) | 6

B      | LDY addr    | 16 bit addr  | Load Y with data from memory location addr. (extended addressing) | 6

C      | LDAA dd,X   | 8 bit displacement | Load A with data from memory location pointed to by X + dd (indexed

addressing) | 4

D      | LDAA dd,Y   | 8 bit displacement | Load A with data from memory location pointed to by Y + dd (indexed

addressing) | 4

E      | LDAB dd,X   | 8 bit displacement | Load B with data from memory location pointed to by X + dd (indexed

addressing) | 4

F      | LDAB dd,Y   | 8 bit displacement | Load B with data from memory location pointed to by Y + dd (indexed

addressing) | 4

10     | STAA dd,X   | 8 bit displacement | Store data in A to memory location pointed to by X + dd (indexed addressing) | 4

11     | STAA dd,Y   | 8 bit displacement | Store data in A to memory location pointed to by Y + dd (indexed addressing) | 4

12     | STAB dd,X   | 8 bit displacement | Store data in B to memory location pointed to by X + dd (indexed addressing) | 4

13     | STAB dd,Y   | 8 bit displacement | Store data in B to memory location pointed to by Y + dd (indexed addressing) | 4

Arithmetic/Logic Instructions:

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:

20     | BEQ         | addrL        | Branch if A = 0, i.e., Z Flag = 1 (absolute addressing) | 3

21     | BNE         | addrL        | Branch if A not equal 0, i.e., Z Flag = 0 (absolute addressing) | 3

22     | BN          | addrL        | Branch if A is negative, i.e., N Flag = 1 (absolute addressing) | 3

23     | BP          | addrL        | Branch if A is positive (or zero), i.e., N Flag = 0 (absolute addressing) | 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 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).
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Partial GCPU Next State Table

Table with columns:

Pre State | Opcode | Flags | Next State | Mux Select (MSA, MSB, MSC) | Control (IR, R) | REG INC (PC/MAR, X, Y) | ADDR SEL (PC, MAR, SEL1:0) | PC (LD)

| MAR (LD) | X,Y Loading (X LD, Y LD) | Disp Regs (XD_LD, YD_LD) | Present State Function

Key entries:

000000 | XXXXXX | XX | 000001 | 01,10,0000 | 1,1 | 0000 | 00 | 00 | 00 | 00,00 | 00 | generic instruction fetch

000001 | 000000 | XX | 000000 | 01,01,0000 | 0,1 | 1000 | 00 | 00 | 00 | 00,00 | 00 | Transfer A to B (TAB)

000001 | 000001 | XX | 000000 | 10,10,0000 | 0,1 | 1000 | 00 | 00 | 00 | 00,00 | 00 | Transfer B to A (TBA)

000001 | 000010 | XX | 000000 | 01,10,0000 | 0,1 | 0000 | 01 | 00 | 00 | 00,00 | 00 | LDAA #data, state 1

000010 | XXXXXX | XX | 000000 | 00,10,0000 | 1,0 | 0000 | 01 | 00 | 00 | 00,00 | 00 | LDAA #data, state 2

000001 | 000011 | XX | 000011 | 01,00,0000 | 1,0 | 0000 | 01 | 00 | 00 | 00,00 | 00 | LDAB #data, state 1

000011 | XXXXXX | XX | 000000 | 01,10,0001 | 0,1 | 0000 | 01 | 00 | 00 | 00,00 | 00 | LDAB #data, state 3

LDAA addr states 1-5 (opcodes 000100):

Multiple rows showing sequential states for extended addressing load operations.

LDAB addr states 1-5 (opcode 000101):

Similar pattern to LDAA addr.

STAA addr states 1-5 (opcode 000110):

Store operations with write cycles.

STAB addr states 1-5 (opcode 000111):

Similar to STAA.

SUM_BA state 1 (opcode 010100):

000001 | 010100 | XX | 000000 | 11,10,0010(?) | 0,1 | 1000 | 00 | 00 | 00 | 00 | 00 | SUM BA state 1

(Additional entries for SUM_AB, AND_BA, AND_AB, branch instructions, INX, INY)

Branch instruction entries:

- BEQ: opcode 100000, tests Z flag

- BNE: opcode 100001, tests Z flag

- BN: opcode 100010, tests N flag

- BP: opcode 100011, tests N flag

INX: opcode 110000

INY: opcode 110001
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