Solution Set to Homework #5

1) The sequential execution takes (1+3)*2 + (2+2)*2 = 16 time steps.

The maximally interleaved execution takes 11 steps, and looks like this:

A: CPU-I/O-I/O-I/O-CPU-XXX-I/O-I/O-I/O

   B: XXX-CPU-CPU-XXX-I/O-I/O-CPU-CPU-XXX-I/O-I/O

CPU stands for a tick where that process has the CPU, I/O similarly for the I/O resource and XXX when that process is blocked waiting for a resource.

This is maximal because allowing B to start forces A to stall for 2 ticks before it can start going and taking advantage of the parallelism.

NOTE: Throughput is defined as work/time.

   Sequential Throughput = 2/16 (jobs/time units)

   Interleaved Throughput = 2/11 (jobs/time units)

NOTE: Average Turnaround Time is defined as [sum(completion times)]/(number of jobs) 

   Sequential Turnaround Time = (8+16)/2 = 12 time units

   Interleaved Turnaround Time = (9+11)/2 = 10 time units

NOTE: Utilization is defined as (time resource used)/(total time)

   Sequential CPU Utilization = 6/16

   Sequential I/O Utilization = 10/16

   Interleaved CPU Utilization = 6/11

   Interleaved I/O Utilization = 10/11

2) There are 6C2 = 6C4 = 15 possible interleaved sequences possible.

Number the instructions in A from 0-1 and B from 0-3 and arrange in the following manner to see the concrete examples:

A0, A1, B0, B1, B2, B3

A0, B0, A1, B1, B2, B3

A0, B0, B1, A1, B2, B3

A0, B0, B1, B2, A1, B3

A0, B0, B1, B2, B3, A1

B0, A0, A1, B1, B2, B3

B0, A0, B1, A1, B2, B3

B0, A0, B1, B2, A1, B3

B0, A0, B1, B2, B3, A1

B0, B1, A0, A1, B2, B3

B0, B1, A0, B2, A1, B3

B0, B1, A0, B2, B3, A1

B0, B1, B2, A0, A1, B3

B0, B1, B2, A0, B3, A1

B0, B1, B2, B3, A0, A1

It was common to conclude that since A1 and B1 were the same instruction that this somehow reduced the number of possible interleaved sequences.  This is not true, because the contents of the register R1 will be different for each process.  When a sequence transitions from executing instructions in one process to executing processes in another, there is what is called a context switch.  During this process, the contents of all the registers are saved, so that the processes will execute independently.  Each process is blind to the register contents of another process.

