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Operating Systems Fall, 2013

Second Exam name:

Question 1: Device Drivers

Describe what needs to be done in each of the network device driver functions listed below
(a) init module

• Enable pci device

• Find and memory map I/O regions of the NIC

• Activate the NIC

• Allocate an ethernet device

• Set MAC address and broadcast bytes in the ethernet device

• Set device operations in the ethernet device

• Register the ethernet device

(b) ndo start xmit

• Pull packet information from OS supplied socket buffer, place it in
proper buffers and registers of the hardware

• Signal the NIC to send the data out

• free the socket buffer

(c) ndo open

• Perform initialization functions required by the hardware such as chip
reset and buffer initialization

• Tie an interrupt line to a handler with request irq

What additional, crucial function should be implemented and what does it do?

Receive interrupt handler:

• Create a socket buffer and fill it with packet data received by the NIC

• Send the socket buffer to the OS via netif rx



Question 2: Page Tables

In the following, assume a 32 bit virtual address space and page size equal to 4096 bytes
(a) How many page table entries are required, per process, maximum?

232/212 = 220 (that is, the number of possible pages)

(b) How much total memory is required per table, maximum (assume single level
page tables)?

224 bytes (the number of bytes per page table entry is 4)

(c) How much total memory is required for page tables if 100 processes are running (assume
single level page tables)?

100 ∗ 224 ≈ 400MB

(d) Now use a 2-level page table where the upper 10 bits of a virtual address index the first
table and the next 10 bits index the second table. Suppose page table memory is allocated
in pages. Suppose 100 processes are running and each has a working set of 12 pages and
suppose addresses of pages in a working set have the same upper 10 bits. How many
pages would have to be used for the page tables?

Since the upper 10 bits on all virtual addresses is the same, there is only one valid
directory table (first table) entry per process and this points to a single page table
section that is indexed from the middle 10 bits of the virtual address. Hence, 2 pages
per process are needed for a total of 200 pages.

(e) At most how many pages would have to be used for an inverted page table?

220/(212/22) = 210 (220 entries divided by entries per page)

(f) Suppose a quarter of that number of pages is used for the inverted page table, collisions are
accomodated by linked lists (bucket hash), accessing a linked list element takes
60nsec, and computing a hash takes 10nsec. Suppose only pages in working sets
produce hits in the inverted page table. For 100 processes, each with 12 page working
sets, how much time on the average does it take to translate a virtual address to
a physical address?

number of pages in the inverted table = 210/22 = 28

number of page table entries in the table = 28 ∗ 210 = 218

number of frames in use = 100 ∗ 12 = 1200
probability page number is unique in table = (1− 2−18)99∗12 ≈ .995
probability page number collides with one other = 99∗12∗2−18

∗(1−2−18)99∗12−1
≈ .004

probability page number collides with two others < .001
probability page number collides with three others < .00001
average time < 10 + (60/2) ∗ .004 + 60 ∗ .001 + (3 ∗ 60/2) ∗ .00001... < 10.18nsec



Question 3: Page Frame Replacement Algorithms
In a demand paging system, assume there are 3 physical frames of equal size. Label
the frames 0,1,2. Denote by RX a read from virtual page X. Denote by WX a write
to virtual page X. Assume pages (equal in size to frames) are brought into memory
when needed and do not leave memory until evicted. The following set of operations
are executed in left-to-right order at the beginning of a long sequence of Read/Write
operations on virtual pages 1-4 (assume all frames are free before the first operation):
W1, R2, W3, R1, W4, W3, R2

(a) On what operations do page faults occur if the optimal replacement algorithm
is used?

1, 2, 3, 5

(b) On what operations do page faults occur if the FIFO replacement algorithm is
used?

1, 2, 3, 5

(c) On what operations do page faults occur if the least recently accessed replace-
ment algorithm is used with timestamps?

1, 2, 3, 5, 7

(d) Which of the above (possibly one, two or all three) has the best performance
on this sequence, up to the last R2, if frames need to be copied when they are
evicted and copying takes as long as reading a frame (i.e. the total eviction
time is doubled)?

(a), (b)

Note: for brevity, use an operation’s order in the execution sequence (starting at 1) to
identify it. For example, an answer like this: 1,3,5,6 corresponds to the operations
W1, W3, W4, W3.



Question 4: Thrashing

(a) How are page fault rates used to prevent thrashing?

If a process’ page fault rate falls below a designated minimum, allocated
pages are removed from the process. If the rate rises above a designated
maximum, free pages are added to the process’ working set.

(b) What does an OS do if it cannot remove enough allocated pages to keep the
sum of all working set sizes less than the number of frames available for active
service?

The OS suspends one or more processes and uses their frames to fill
the needs of remaining running processes

(c) What is meant by the locality of a process?

The set of pages a process is currently using during execution.



Question 5: The easy one - by popular demand

Translate the virtual address 0xD1C4 to a physical address. Assume the contents
of PTBR is 0xFF00, the OS has 32 bit addresses, the page and frame sizes are 4096
bytes, the OS uses a single-level page table, and a snapshot of a segment of memory
looks like this:

0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 0xA 0xB 0xC 0xD 0xE 0xF

0xFF0 A0 0A 10 00 CC 11 D1 C4 A0 00 19 F4 70 08 A1 A1

0xFF1 A1 1A 1A 11 BC 21 D1 C4 00 00 0F F0 16 80 12 06

0xFF2 C1 D1 10 08 C4 D1 00 FF C1 D1 50 62 08 C1 01 08

0xFF3 42 76 AA 10 07 0A A0 00 00 05 18 F0 00 A0 00 07

0xFF4 00 00 00 00 06 66 00 00 00 0A 00 00 00 00 99 00

0xFF5 00 FF 00 F1 00 00 00 00 1E 1D 00 00 00 00 00 4C

0xFF6 D1 E9 00 C8 00 00 00 19 00 16 A0 C4 FF 05 00 19

0xFF7 00 50 00 77 00 00 00 16 C4 A7 A0 00 00 8A D1 8B

0xFF8 05 AA 3A 00 44 D4 00 7A 00 55 9A B1 BC 6D 42 15

0xFF9 00 D6 06 32 D8 30 22 00 00 91 00 00 FF 00 77 0A

0xFFA 00 60 61 11 00 40 00 00 55 0A 00 42 FF 00 82 00

0xFFB 00 70 C6 76 C1 00 70 00 D3 83 00 00 11 D1 C4 EA

0xFFC 26 00 07 00 C6 42 75 10 00 49 00 00 F3 FF 00 C9

0xFFD DD 07 09 D5 06 22 62 EB 01 3F 07 D3 70 7A 00 FF

0xFFE D1 00 AA FF CB 00 05 C4 15 08 01 10 A0 0A 88 07

0xFFF 11 42 81 0A 08 07 00 14 66 A0 07 A7 2A 01 23 02

Answer: 0xAA1C4

The page table entry is at offset 0xD*4 bytes from the beginning of the page table,
which is at 0xFF00. This entry is shown in red above. The bottom three hex numbers
(12 bits) are service bits. The rest provide a frame base address. The offset into the
frame is taken from the last three numbers (12 bits) of the virtual address.

What’s the deal with virtual address 0xF1C4?

The page table entry for this address is shown in green above. The least significant
byte is 0 which means the present (valid) bit is 0 so an interrupt will be generated
to determine whether this is a valid address or whether to swap in this frame.


