CS 147 Section 2 Midterm 2, Wed 10/31/07 Solutions
Total: 40 points (worth 20% of total class grade)
Name: _________________________________

1. Suppose we have an instruction set with the following seven branch instructions.

	Instruction
	Mnemonic
	Format
	Action

	Branch if zero
	BZ
	RA,AD
	if (R[SA]==0) PC (PC + se AD

	Branch if not zero
	BNZ
	RA,AD
	if (R[SA]!=0) PC (PC + se AD

	Branch if negative
	BN
	RA,AD
	if (R[SA]<0) PC (PC + se AD

	Branch if greater
	BG
	RA,RB,AD
	if (R[SA]>R[SB]) PC (PC + se AD

	Branch if greater or equal
	BGE
	RA,RB,AD
	if (R[SA]>=R[SB]) PC (PC + se AD

	Branch if less
	BL
	RA,RB,AD
	if (R[SA]<R[SB]) PC (PC + se AD

	Branch if less or equal
	BLE
	RA,RB,AD
	if (R[SA]<=R[SB]) PC (PC + se AD


As discussed during lecture, for BZ, BNZ and BN, the FS input to the ALU is set to 0000 so that the ALU performs the function F = A. For BG, BGE, BL and BLE, the FS input to the ALU is set to 0101 so that the ALU performs the function F = A – B.

Suppose we create a new Branch Control unit for this instruction set.


[image: image1]
The inputs V, C, N and Z of the Branch Control come from the ALU, and represent Overflow, Carry-Out, Negative and Zero, as usual.

The input PL is 1 if the instruction is a jump or branch instruction, 0 otherwise.

The input JB is 1 if the instruction is a branch instruction, 0 otherwise

The 3-bit input BC is given in the table below:

	Instruction
	BC

	BZ
	000

	BNZ
	001

	BN
	010

	BG
	011

	BGE
	100

	BL
	101

	BLE
	110


The output D should be:

	Action
	D

	PC ( PC + 1
	00

	PC ( PC + se AD
	01

	PC ( jump address
	10


[6] Write the equation for the output bits D0 and D1 in terms of the input bits V, C, N, Z, PL, JB, BC0, BC1 and BC2.
	Inputs
	Outputs

	PL
	JB
	BC2
	BC1
	BC0
	V
	C
	N
	Z
	D1
	D0

	0
	X
	X
	X
	X
	X
	X
	X
	X
	0
	0

	1
	0
	X
	X
	X
	X
	X
	X
	X
	1
	0

	1
	1
	X
	X
	X
	X
	X
	X
	0
	0
	X


D1 = PL . JB’

D0 = PL . JB . (  BC2’.BC1’.BC0’.Z + BC2’.BC1’.BC0.Z’ + BC2’.BC1.BC0’.(NxorV) +  

                            BC2’.BC1.BC0.(NxorV)’.Z’    + BC2.BC1’.BC0’.(NxorV) + BC2.BC1’.BC0.(NxorV) +

                            BC2.BC1.BC0’.((NxorV)+Z)   )

2. Suppose that we’re using the Instruction Set Architecture in the textbook and lecture. This ISA and computer implementation is given in the supplementary handout.

Suppose all the operands (instruction addresses, register contents, memory contents, function unit inputs and output) are 8 bits.

Suppose that the register values are:

R0: 0000 0001 
R1: 0000 0101

R2: 0000 0010

R3: 0000 0111

R4: 0000 1000

R5: 0000 0100

R6: 0000 1111 
R7: 0000 0110

(a) Suppose that the current instruction is: 1100001 111 011 000

Suppose the address of the current instruction is: 0010 0000

[1] What is the output of the EXTEND component? __11111000 or -8__

[1] What is the value of the A input to the FUNCTION UNIT component? __00000111__

[1] What is the value of the FS input to the FUNCTION UNIT component? _0000____

[1] What is the output F of the FUNCTION UNIT component? _00000111_

[1] What is the value of the RW control input? ____0_____

[1] What is the address of the next instruction to be executed? __00100001 or 33_

(b) Suppose that the current instruction is 0001010 000 001 010

[1] What is the value of the A input to the FUNCTION UNIT component? _00000101_

[1] What is the value of the B input to the FUNCTION UNIT component? _00000010_

[1] What is the value of the FS input to the FUNCTION UNIT component? __1010___

[1] What is the output F of the FUNCTION UNIT component? _00000111_

[1] What is the value of the RW control input? ____1_____

[1] What is the value of the MW control input? ____0_____

[2] What are the values of the registers after executing this instruction?

R0: 00000111 (rest of the registers are the same)
R1: _________

R2: _________

R3: _________

R4: _________

R5: _________

R6: _________

R7: _________

(c) Suppose that the current instruction is 1000010 000 001 010

[1] What is the value of the A input to the FUNCTION UNIT component? _00000101_

[1] What is the value of the B input to the FUNCTION UNIT component? _00000010_

[1] What is the value of the FS input to the FUNCTION UNIT component? __0010___

[1] What is the output F of the FUNCTION UNIT component? _00000111_

[1] What is the value of the RW control input? ____1_____

[1] What is the value of the MW control input? ____0_____

[2] What are the values of the registers after executing this instruction?

R0: 00000111 (rest of the registers are the same)
R1: _________

R2: _________

R3: _________

R4: _________

R5: _________

R6: _________

R7: _________

3. Suppose we are using and accumulator architecture. Several memory addressing modes are available to load the contents of memory to the accumulator.

The instruction LOAD_REL uses the relative mode. 

The instruction LOAD_INDIR uses the indirect mode.

The instruction LOAD_IMM uses the immediate mode.

The instruction LOAD_REG uses the register mode.

The instruction LOAD_REG_INDIR uses the register indirect mode.

Suppose that the memory at location 5 contains the number 15. 

Suppose that the memory at location 6 contains the number 20.

Suppose that the memory at location 15 contains the number 8.

Suppose that register 5 contains the number 6.

Suppose that register 6 contains the number 7.

Suppose that the instruction is at address 10.

[1] What number would be loaded into the accumulator if the instruction is LOAD_REL 5? 
Answer: __8___

[1] What number would be loaded into the accumulator if the instruction is LOAD_INDIR 5? 
Answer: __8___

[1] What number would be loaded into the accumulator if the instruction is LOAD_IMM 6? 

Answer: __6___

[1] What number would be loaded into the accumulator if the instruction is LOAD_REG 5? 

Answer: __6___

[1] What number would be loaded into the accumulator if the instruction is LOAD_REG_INDIR 5? 

Answer: __20__

4. The IEEE 32-bit floating point standard has 1 bit for the sign, 8 bits for the exponent, followed by 23 bits for the fraction.

[2] Write the decimal value for the floating point number 1 11100000 01010000000000000000000 

Answer:

-1 x 2224-127 x (1.0101)2 = -1 x 297 x (1 + ¼ + 1/16) = -1.58 x 1030
5. Below is the diagram for an arithmetic circuit.

 SHAPE  \* MERGEFORMAT 

[image: image2]

The B input logic has the following truth table:

	S0
	S1
	Output

	0
	0
	All 0

	0
	1
	B

	1
	0
	B’

	1
	1
	All 1


Suppose n=8, that is, the arithmetic circuit works on 8-bit operands, taken to be signed numbers.

Suppose we want to execute the operation G = A – B

What should the inputs be?

[1] Cin: ___1________

[1] S0:  ___1________

[1] S1:  ___0________

Suppose that A is 00101000 and B is 11111111.

[2] What is the output G?

Answer: 00101001
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