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1. Suppose two jobs start at the same time. Each job needs 6 minutes of CPU time and on average spends 40% of the time waiting for I/O. 

a. How long will it take for the last job to complete if the jobs run sequentially? 

Because each job spends 40% of the time waiting, the CPU will be busy only 60% of the clock time. Each job will take:
    6 min CPU time x (1 min clock time / 0.6 min CPU time) = 10 min clock time

Since jobs run one after the other, the second job will complete at clock time:

    10 + 10 = 20 min
b. How long will it take for the last job to complete if jobs run in parallel?
If the probability that each job is waiting at any given time is 0.4, and we assume that jobs are independent of each other, the probability that both jobs are waiting is 0.4 x 0.4 = 0.16. Therefore, the CPU will be busy 1 – 0.16 = 84% of the clock time, and will spend 84/2 = 42% of the clock time processing each job. 

Each job will therefore take:
     6 min CPU time x (1 min clock time / 0.42 min CPU time) = 14.3 min

Since jobs are running in parallel, both jobs will complete at clock time 14.3 min

2. A computer has 32-bit virtual addresses and 4 KB pages. Suppose the text, data, and stack segments of a process need each only one page. 

a. If the computer uses one-level page tables, how many page table entries will be needed for this process?

Each page has 4 KB = 2^12 bytes. Therefore, the computer has 2^32 / 2^12 = 2^20 virtual pages. In a one-level page table, all virtual pages need an entry. Thus, the number of page table entries needed is 2^20
b. If the computer uses instead two-level page tables, with 10 bits of address as index for each level, how many page table entries will be needed for this process?

The first-level table has 2^10 entries, each pointing to a second-level table. These entries are needed.
Each second-level table has 2^10 entries, each pointing to a 4-KB page. The text and data pages are the lowest-addressed, and are pointed by the same second-level table. On the other hand, the stack page is the highest-addressed, and needs another second-level table.
Therefore, the first-level table and two second-level tables are needed. The total number of page table entries needed is 3 x 2^10.

