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A. Virtual address format
13 12 11 10 9

B. Address translation

Parameter

Value

VPN

TLB index

TLB tag

TLB hit?(Y/N)

Page fault?(Y/N)

PPN

C. Physical address format

11 10 9 8 7 2
D. Physical memory reference
Parameter Value
Byte offset

Cache index

Cache tag

Cache hit?(Y/N)

Cache byte returned
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« —MTEVIEIMRETEIR/NA IMB , ¥IEREFETEIRNA
8MB . EFZ[EIKRTN 4T segment ( code, data, heap,

stack) , ¥F segmentation RZEE, A Va ST
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segment | base size p05|t|ve

code
data 2MB 2KB 1
heap 7MB 8KB 1

stack 1MB 256KB 0
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* The following problem concerns virtual memory and the way virtual addresses are translated into physical
addresses. Below are the specifications of the system on which the translation occurs.

* The system is a 16-bit machine - words are 2 bytes.

* Memory is byte addressable.

* The maximum size of a virtual address space is 64KB.

* The system is configured with 16KB of physical memory.
* The page size is 64 bytes.

* The system uses a two-level page tables. Tables at both levels are 64 bytes (1 page) and entries in both tables
are 2 bytes as shown below.
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In this problem, you are given parts of a memory dump of this system running 2 processes. In each part of this question, one
of the processes will issue a single memory operation (read or write of one byte) to a single virtual address (as indicated in
each part). Your job is to figure out which physical addresses are accessed by the process if any, or determine if an error is
encountered.

Entries in the first and second level tables have in their low-order bits flags denoting various access permissions.

e P=1=Present

* W =1 = Writable (applies both in kernel and user mode)

* U=1= User-mode

15 2 1 0
Page Table Base Address P
Page Directory Entry
Page Address U|W|P
Page Table Entry

The contents of relevant sections of memory is shown on the next page. All numbers are given in hexadecimal.
For the purposes of this problem, omitted entries have contents = 0.

Address | Contents
0118 2381
0130 2101
0160 2281
018E 1581
019C 1201
01B8 1A01
120A 2701
1214 27C1
1228 2741
158A 25C1
1594 2541
15A8 2501
1A0A 2041
1A14 20C1
1A28 2081
2106 3FC7
210C 3A47
2118 3587
2286 3107
228C 3447
2298 3007
2386 33C7
238C 3887
2398 3247
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* Process 1 is a process in user mode (e.g. executing part of main()) and has page directory base address
0x0100.

Process 2 is a process in kernel mode (e.g. executing a read () system call) and has page directory base
address 0x0180.

* For each of the following memory accesses, first calculate and fill in the address of the page directory entry
and the page table entry. Then, if the lookup is successful, give the physical address accessed. Otherwise,
circle the reason for the failure and give the address of the table entry causing the failure. You may use the 16-
bit breakdown table if you wish, but you are not required to fill it in.
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1. Process 1 writes to 0xC1B2.
Scratch space:

15 (14 |13 |12 |11 |10 |9 8 7 6 5 4 3 2 1

(a) Address of PDE: |0x

(b) Address of PTE: |0X |

(¢c) The result of the address translation is (write NONE if the translation does not result in a valid
address): |0X ‘

(d) The result of the access is (circle EXACTLY one):

success / page not present / page not writable / illegal non-supervisor access
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2. Process 2 writes to 0x728F. Scratch space:

15 (14 |13 |12 |11 |10 |9 8 7 6 5 4 3 2 1 0

(a) Address of PDE: |0x

(b) Address of PTE: |0x |

(c) The result of the address translation is (write NONE if the translation does not result in a valid
address): |0K ‘

(d) The result of the access is (circle EXACTLY one):

success / page not present / page not writable / illegal non-supervisor access
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