Name:

1. Assume that an automobile assembly process takes 4 hours.

Chassis Motor Interior Exterior
A
O@Q 6@@ 6@@ ® ®

If the stages take the following amounts of time, then what is the time between completions of automobiles?
Chassis 45 minutes

Motor 1 hour

Interior 1 hour and 15 minutes

Exterior 1 hour

2. Consider the 6 stage (FI, DI, CO, FO, EI, WO) instruction pipelining discussed and the following assembly
language segment: ADD R3,R2,R1 ; R3« R2 +R1
SUB R4, R3,R5 ; R4 <R3 +R5

a) In what stage does the ADD instruction update R3?
b) In what stage does the SUB instruction read R3?

¢) In what stage does the SUB instruction execute with the R3 value?

FI DI CO FO El WO
F1/DI DI/CO CO/FO FO/EI EI/'WO
latch latch latch latch latch
Decoded Opcode SUB
Co of €Code o
Insflry CO-ALU Tp‘j;md . M Data
. P addr. Memory| | o1d valud— UL Memory
Instr. Decoder operand of R3 X | R3 resulf
Memory 2 addr Reei —
egister M| value Regist
(or reg#) . 1 £ egister
File value of | Hyj Fil
dest. R5 dest. reg e
Register| | EI-ALU addr/re X |
. g R3
File do *

bypass-signal path

3. What would control the MUXs of the above bypass-signal path?
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4. Consider the following code: ADD R3,R2,R1
LOAD R4, 4(R3)

What would the timing be without bypass-signal paths/forwarding (use “stalls” to solve the data hazard)?

Time —
Instructions 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
ADD R3, R2, R1 FI | DI | CO | FO | EI | WO
LOAD R4, 4(R3) FI

(Assume that R3 cannot be written and the new value read in the same stage.)

5. What would the timing be with bypass-signal paths?

Time —
Instructions 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
ADD R3, R2, R1 FI | DI | CO | FO | EI | WO
LOAD R4, 4(R3) FI
6. Draw the bypass-signal paths needed for the above example.
FI DI CO FO El WO
F1/DI DI/CO CO/FO FO/EI EI/'WO
latch latch latch latch latch
Decoded Opcode opcode
C f ccodae
do + ! 4 emoryl | operand Memory
Instr. operan 1 val
Memory Decoder 2 addr — value I\ZS]E:
(or regi) .eglster Register
File operand File
: dest. 2 value dest
Register| | EI-ALU addr/reg addr/reg
File do *
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