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Consider the following C program:

int X[N];
int step = M; /* M is some predefined constant */
for (int 1 = 0; 1 < N; 1 += step)

X[1] = X[1] + 1;

(a) If this program is run on a machine with a 4-KB page size and 64-entry TLB, what values

of M and N will cause a TLB miss for every execution of the inner loop?
2 M > 1024 I, ABERAER KT R #RES T, &R ik TLB sk N KIES @ H 2
(b) Would your answer in part (a) be different if the loop were repeated many times? Explain.

M IRIRTE B 2 M > 1024; B X S HABZEIN KT 64 x 4 KB=256 KB, it N NAKT
64K =216

Suppose that a machine has 48-bit virtual addresses and 32-bit physical addresses.

(a) If pages are 4 KB, how many entries are in the page table if it has only a single level?

Explain.

BRI R, St 21812 /4 K=236 /212 = 924 T,

(b) Suppose this same system has a TLB (Translation Lookaside Buffer) with 32 entries. Furt-
hermore, suppose that a program contains instructions that fit into one page and it sequentially
reads long integer elements from an array that spans thousands of pages. How effective will
the TLB be for this case?

T Huhk X AT dir b s FRFP AR5 O 41T 4 KB UTH U7 A A —k TLB $RK, 55 i
FA7, FEVLZ AT, BT AR — B A . BRERIKCEEAYY 4 75, MIEEE R TLB miss rate 9
1/1024.

A computer with a 32-bit address uses a two-level page table. Virtual addresses are split into
a 9-bit top-level page table field, an 11-bit second-level page table field, and an offset. How

large are the pages and how many are there in the address space?
AL 20 friC TS, BT 12 6, WA 22 B=4 KB, J& 20 71,

A computer has 32-bit virtual addresses and 4-KB pages. The program and data together fit
in the lowest page (0-4095) The stack fits in the highest page. How many entries are needed
in the page table if traditional (one-level) paging is used? How many page table entries are

needed for two-level paging, with 10 bits in each part?
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A computer whose processes have 1024 pages in their address spaces keeps its page tables in
memory. The overhead required for reading a word from the page table is 5 nsec. To reduce
this overhead, the computer has a TLB, which holds 32 (virtual page, physical page frame)
pairs, and can do a lookup in 1 nsec. What hit rate is needed to reduce the mean overhead to

2 nsec?
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