
EEL 3701 - Digital Logic & Computer Systems

Final Exam - Fall Semester 2006

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 logic 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 = complement of ((A·/B) + (A·/B+/C)·/D + /E)

Mixed-logic circuit diagram:

- A(H) and /B.H (B(L)) into first gate (AND gate). Output: (A·/B).L = (A·B).H (with overbar notation)

- (A·/B) output and C(H) into second gate (OR-type). Output: (A·/B+/C).H = (A·/B+C).L

- (A·/B+/C).H combined with /D.H (D(L)) into third gate. Output: ((A·/B+/C)·/D).L

- /E.H (E(L)) input

- Final gate combines (A·/B).H, ((A·/B+/C)·/D).H, and /E.H. Output: X(H)

Intermediate signals labeled on each gate:

- First gate: (A·/B).L = (A·/B).H

- Second gate: (A·/B+/C).H = (A·/B+/C).L

- Third gate: ((A·/B+/C)·/D).L = ((A·/B+/C)·/D).H

- Final output: X(H)

Bottom of page shows boxed answer:

X = complement of ((A·/B) + (A·/B+/C)·/D + /E)
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[12%] 3. Implementation of an ASM chart using J-K flip-flops

ASM chart shown:

- State 1: Rectangle containing outputs A, B

  Arrow down to diamond testing input X

  If X=1: go left, outputs C, D, E, F ? return to State 1

  If X=0: go right to State 2

- State 2: Rectangle containing outputs A, D, G

  Arrow back to State 1

J-K characteristic table:

J  K  Q  Q+

0  0  0  0  (hold)

0  0  1  1  (hold)

0  1  0  0  (clear)

0  1  1  0  (clear)

1  0  0  1  (set)

1  0  1  1  (set)

1  1  0  1  (toggle)

1  1  1  0  (toggle)

(a) Given the above ASM chart, complete the following block diagram of its implementation using the minimum number of J-K flip-flops: (2%)

- Determine how many J-K flip-flops that are needed: 1

Block diagram:

Inputs to combinational circuit: Q (from flip-flop output), X (external input)

Outputs from combinational circuit: J, K (to flip-flop), A, B, C, D, E, F, G (output signals)

One J-K flip-flop drawn with J input, K input, clock input, and Q output feeding back to combinational circuit.
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3. (continued) (ASM chart is repeated here for your convenience/)

Same ASM chart as page 3 repeated.

J-K characteristic table repeated with annotations:

J=0,K=0: hold

J=0,K=1: clear

J=1,K=0: set

J=1,K=1: toggle

(b) Finish the implementation of the ASM by determining the minimum sum-of-products (MSOP) logic expressions for the following

signals: (10%)

State assignment: Q=0 is State 1, Q=1 is State 2

Truth table:

Q  X  Q+  J  K  A  B  C  D  E  F  G

0  0   1  1  X  1  1  0  0  0  0  0

0  1   0  0  X  1  1  1  1  1  1  0

1  0   0  X  1  1  0  0  1  0  0  1

1  1   0  X  1  1  0  0  1  0  0  1

Solutions (MSOP):

J = /Q + /X ? simplified to /X (since when Q=1, J is don't care)

Actually: J = Q + /X ? /X (handwritten shows J = /X)

K = 1

A = 1 (always active in both states)

B = /Q (active in State 1 only)

C = /Q·X = Q+/X (handwritten shows C = /Q·X, alternate form Q+/X using overbar)

D = Q + X (active in State 2 always, and State 1 when X=1)

E = /Q·X

F = /Q·X

G = Q (active in State 2 only)

Work shown at bottom: Full truth table with Q, X, Q+, J, K, and all output columns filled in with 0, 1, and X (don't care) values.

EEL 3701 - Digital Logic & Computer Systems

Final Exam - Fall Semester 2006

Name: _______________

3. (continued) (ASM chart is repeated here for your convenience/)

Same ASM chart as page 3 repeated.

J-K characteristic table repeated with annotations:

J=0,K=0: hold

J=0,K=1: clear

J=1,K=0: set

J=1,K=1: toggle

(b) Finish the implementation of the ASM by determining the minimum sum-of-products (MSOP) logic expressions for the following signals: (10%)

State assignment: Q=0 is State 1, Q=1 is State 2

Truth table:

Q  X  Q+  J  K  A  B  C  D  E  F  G

0  0   1  1  X  1  1  0  0  0  0  0

0  1   0  0  X  1  1  1  1  1  1  0

1  0   0  X  1  1  0  0  1  0  0  1

1  1   0  X  1  1  0  0  1  0  0  1

Solutions (MSOP):

J = /Q + /X ? simplified to /X (since when Q=1, J is don't care)

Actually: J = Q + /X ? /X (handwritten shows J = /X)

K = 1

A = 1 (always active in both states)

B = /Q (active in State 1 only)

C = /Q·X = Q+/X (handwritten shows C = /Q·X, alternate form Q+/X using overbar)

D = Q + X (active in State 2 always, and State 1 when X=1)

E = /Q·X

F = /Q·X

G = Q (active in State 2 only)

Work shown at bottom: Full truth table with Q, X, Q+, J, K, and all output columns filled in with 0, 1, and X (don't care) values.



EEL 3701 - Digital Logic & Computer Systems

Final Exam - Fall Semester 2006

Name: _______________

[12%] 4. Given the following program segment, EQU statements, and contents of memory locations:

Program:

        ORG     0

1       LDX     #$000C      ; X = $000C

2       LDAA    #150;       ; A = $96 (150 decimal = $96 hex)

3       LDAB    #60;        ; B = $3C (60 decimal = $3C hex)

4       SUM_BA              ; A = A + B = $96 + $3C = $D2

5       "next instruction (a, b, c, d, e, or f)"

EQU statements and memory contents:

Data0 EQU $0026    Address $0026 contains $66

Data1 EQU $0032    Address $0032 contains $BB

Data2 EQU $0037    Address $0037 contains $74

Data3 EQU $0038    Address $0038 contains $EC

Data4 EQU $0050    Address $0050 contains $C3

Data5 EQU $00EF    Address $00EF contains $AB

Data6 EQU $5000    Address $5000 contains $3E

Data7 EQU $73AB    Address $73AB contains $AA

Data8 EQU $73AC    Address $73AC contains $E2

After instructions 1-4: X=$000C, A=$D2 (sum result), B=$3C (unchanged after SUM_BA? Actually SUM_BA adds B to A, result in A)

a) Next instruction at $0008: LDAA 50 (direct addressing, address = $0032+offset? No, LDAA 50 means load A from address 50 decimal = $0032 hex)

   Wait: LDAA 50 ? the operand 50 is decimal, so address = $0032

   EA = $0032

   A = $BB (contents of address $0032)

   Hex encoding: $0008: 04, $0009: 32 (decimal 50), $000A: 00

b) Next instruction: LDX Data7 (LDX $73AB)

   EA = $73AB

   X = $AAE2 (16-bit load: high byte from $73AB = $AA, low byte from $73AC = $E2) ? little endian

   Hex encoding: $0008: 0A, $0009: AB, $000A: 73

c) Next instruction: STAA 38,X (store A at address 38+X = $26+$000C = $0032? Wait, 38 decimal = $26 hex, X = $000C)

   Wait: 38,X means offset 38 (decimal) + X register. 38 decimal = $26 hex. X = $000C.

   EA = $0026 + $000C = $0032

   Value stored = $D2 (current contents of A register)

   Hex encoding: $0008: 10, $0009: 26 (38 decimal)

d) Next instruction: LDY #Data7 (LDY immediate #$73AB)

   EA = none ($0009, address of immediate data)

   Y = $73AB (immediate value loaded)

   Hex encoding: $0008: 09, $0009: AB, $000A: 73

e) Next instruction: BN $EF (branch if negative)

   EA = none

   After SUM_BA: A = $D2. $D2 = 11010010 binary, MSB = 1, so result is negative.

   Branch WILL occur. PC after instruction = $00EF

   Hex encoding: $0008: 22, $0009: EF

f) Next instruction: BEQ $EF (branch if equal/zero)

   EA = none

   After SUM_BA: A = $D2, which is not zero.

   Branch will NOT occur. PC after instruction = $000A (fall through to next instruction)

   Hex encoding: $0008: 20, $0009: EF

Note at bottom: (D2 is not equal to 0)
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[15%] 6. Program Execution (Use the G-CPU information in the back of the test.)

Given the following program in EPROM memory, fill out the following cycle table that illustrates its execution.

EPROM memory contents:

Addr | Data

0    | 01    } TBA (Transfer B to A)

1    | 07    }

2    | 01    } STAB $0701 (Store B to address $0701)

3    | 07    }

Handwritten annotation: TBA, then STAB $0701

Using the G-CPU Controller ASM & Block Diagram (at the end of this test), complete the cycle table below. Use as many rows as you need.

Cycle table:

Cycle# | R/W | Addr Sel1:0 | PC(Hex) | MAR | A15:0(Hex) | Data(Hex) | IR(Hex) | A(Hex) | B(Hex)

1  | 1 | 00 | 0000 | 0400 | 0000 | 01 | 06 | 32 | 16

   (State 0A ? fetch)

2  | 1 | 00 | 0000 |      | 0000 | 01 | 01 | 32 | 16

   (State 01 ? TBA instruction)

3  | 1 | 00 | 0001 |      | 0001 | 07 | 01 | 16 | 16

   (State 0P ? execute TBA: A gets B value)

4  | 1 | 00 | 0001 |      | 0001 | 07 | 07 | 16 | 16

   (State 01 ? fetch next instruction, STAB)

5  | 1 | 00 | 0002 | check| 0002 | 01 | 07 | 16 | 16

   (State 0P)

6  | 1 | 00 | 0003 | 0401 | 0003 | 07 | 07 | 16 | 16

   (Load low byte of address to MAR)

7  | 0 | 01 | 0004 | 0701 | 0701 | 16 | 07 | 16 | 16

   (Store B to address $0701 ? write cycle)

Annotations:

- State labels shown: state 0A, 01, 0P, 0E, 0F

- 1 = memory read, 0 = memory write

- MAR connected to address bus during store operations
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[15%] 7. GCPU Assembly Programming (Use the G-CPU instruction set in back of test.)

Write an assembly language program using only the G-CPU instructions.

- There are $25 bytes already stored in memory starting in Location $1000

- Your program should go through the $25 bytes and count the number of "non-zero" bytes (i.e., bytes that are not equal to $00).

- At the end of the program, Memory Location $0FFF should contain the count of non-zero bytes.

- To increase your chances of partial credit, comment your program.

Important restriction: You have to use REGA as the loop counter.

Memory map diagram shown:

$0FFE: loop count (byte)

$0FFF: column?

$1000: $25 bytes of data

Solution program:

        LDAA    #$25            ; init loop count (37 decimal = $25 hex bytes to check)

        STAA    $0FFE           ; init loop count in memory

        LDX     #$1000          ; init index pointer to start of data

        LDAA    #$00            ; init byte count (non-zero counter)

        STAA    $0FFF           ; init count to 0

AGAIN:  LDAA    0,X             ; load next byte

        BZ      NEXT            ; if zero, skip to NEXT (branch if zero)

        LDAA    $0FFF           ; load current non-zero count

        LDAB    #$01            ; load 1

        SUM_BA                  ; increment count (A = A + 1)

        STAA    $0FFF           ; store updated count

NEXT:   INX                     ; increment pointer

        LDAA    $0FFE           ; load loop count

        LDAB    #$FF            ; load -1 ($FF in 2's complement)

        SUM_BA                  ; decrement loop count

        STAA    $0FFE           ; store decremented loop count

        BNE     AGAIN           ; if not zero, loop again

FIN:    BRA     FIN             ; halt (infinite loop)
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[16%] 8. Controller (ASM) design for the G-CPU. (Use the G-CPU block diagram and ASM charts in the back of the test.)

Using the signal names shown in controller G-GPU block diagram in the back of the test, complete the ASM chart (on the next page) to

implement the following 3 instructions (AND_BA, LDAA $addr, and BEQ $addrL), including the completion of State A and State B.

Notes:

(1) In each state and conditional output, specify only the signals that should be true.

(2) However, you should use the notation: MSA=01, MSB=10, MSC=000.

(3) The default actions for each state should be specified to "hold" REGA and REGB and OUT = REGA.

(4) For your convenience, the required values for MSA, MSB, and MSC are given below:

Table 1: Input source MUXs for Registers A and B.

MSA1/MSB1 | MSA0/MSB0 | Bus Selected as Input to REGA/REGB

0         | 0         | INPUT Bus

0         | 1         | REGA Bus

1         | 0         | REGB Bus

1         | 1         | OUTPUT Bus

Table 2: ALU function selection MUX. (MUX C)

MSC2:0 | Action

000    | REGA Bus to OUTPUT Bus

001    | REGB Bus to OUTPUT Bus

010    | complement of REGA Bus to OUTPUT Bus

011    | bit wise AND REGA/REGB Bus to OUTPUT Bus

100    | bit wise OR REGA/REGB Bus to OUTPUT Bus

101    | sum of REGA Bus & REGB Bus to OUTPUT Bus

110    | shift REGA Bus left one bit to OUTPUT Bus

111    | shift REGA Bus right one bit to OUTPUT Bus without sign extension

Put the solution on the next page.
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