Chapter 5

5.2 [10] <§5.4> Describe the effect that a single stuck-at-0 fault (i.e., regardless of
what it should be, the signal is always 0) would have for the signals shown below,
in the single-cycle datapath in Figure 5.17 on page 307. Which instructions, if any,
will not work correctly? Explain why.

Consider each of the following faults separately:

a. RegWrite=10
b. ALUop0=0
c. ALUopl=0
d. Branch=0
e. MemRead =0
f. MemWrite =0
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FIGURE 5.17 The simple datapath with the control unit. The input to the control unit is the 6-bit opcode field from the instruction. The
outputs of the control unit consist of three 1-bir signals that are used to contrel multiplexors (RegDst, ALUSre, and MemioReg), three signals for con-
trolling reads and writes in the repister file and data memory (RegWrite, MemRead, and MemWrite), a L-bit signal used in determining whether to
possibly branch (Branch), and a 2-bit control signal for the ALU (ALUOp). An AND gate is used to combine the branch control signal and the Zero
output from the ALU; the AND gate output controls the selection of the next PC. Notice that PCSrc is now a derived signal, rather than one coming
directly from the contrel unit. Thus we drop the signal name in subsequent figures.

5.3 [5] <§5.4> This exercise is similar to Exercise 5.2, but this time consider
stuck-at-1 faults (the signal is always 1).



5.8 [15] «§5.4> We wish to add the instruction jr (jump register) to the single-cy-
cle datapath described in this chapter. Add any necessary datapaths and control sig-

nals to the single-cycle datapath of Figure 5.17 on page 307 and show the necessary
additions to Figure 5.18 on page 308. You can photocopy these figures to make it
faster to show the additions.

5.9 [10] <§5.4> This question is similar to Exercise 5.8 except that we wish to add
the instruction s11 (shift left logical), which is described in Section 2.5.

8.13 [7] <45.4> Consider the single-cycle datapath in Figure 5.17. A friend is pro-
posing to modify this single-cycle datapath by eliminating the control signal Mem-
toReg. The multiplexor that has MemtoReg as an input will instead use either the
ALUSrc or the MemRead control signal. Will your friend's modification work?
Can one of the two signals (MemRead and ALUSrc) substitute for the other? Ex-
plain.

5.14 [10] <§5.4> MIPS chooses to simplify the structure of its instructions. The
way we implement complex instructions through the use of MIPS instructions is
to decompose such complex instructions into multiple simpler MIPS ones. Show
how MIPS can implement the instruction swap $rs, $rt, which swaps the con-
tents of registers $rs and $rt. Consider the case in which there is an available reg-
ister that may be destroyed as well as the care in which no such register exists.

[f the implementation of this instruction in hardware will increase the clock period
of a single-instruction implementation by 10%, what percentage of swap operations
in the instruction mix would recommend implementing it in hardware?



