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Problem 1-a

1. The following problem concerns the way virtual addresses are translated into physical ad-

dresses.

e The memory is byte addressable.

e Memory accesses are to 1-byte words (not 4-byte words).

e Virtual addresses are 16 bits wide.

e Physical addresses are 13 bits wide.

e The page size is 512 bytes.

e The TLB is 8-way set associative with 16 total entries.

e The cache is 2-way set associative, with a block size of 4 bytes and a capacity of 64
bytes.

(a) The box below shows the format of a virtual address. Indicate (by labeling the diagram)
the fields that wonld be used to determine the following.
VPO  The virtual page offset
VPN  The virtual page number
TLBI The TLB index
TLBT The TLB tag

151413121110 9 8 7 6 5 4 3 2
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Problem 1-a

1. The following problem concerns the way virtual addresses are translated into physical ad-
dresses.

The memory is byte addressable.

Memory accesses are to 1-byte words (not 4-byte words).

Virtual addresses are 16 bits wide.

Physical addresses are 13 bits wide.

The page size is 512 bytes.

The TLB is 8-way set associative with 16 total entries.

The cache is 2-way set associative, with a block size of 4 bytes and a capacity of 64

bytes.

(a) The box below shows the format of a virtual address. Indicate (by labeling the diagram)

the fields that

13

VPO
VPN
TLBI

TLBT
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would be used to determine the following.

The virtual page offset

The virtual page number

The TLB index
The TLB tag

11

109 8 7 6 5 4 3 2 1 0

9 8 7 6 5 4 3 2 1 0
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TLBT | TLBT | TLBT | TLBT | TLBT | TLBT | TLBI




Problem 1-b

1. The following problem concerns the way virtual addresses are translated into physical ad-

dresses.

e The memory is byte addressable.

e Memory accesses are to 1-byte words (not 4-byte words).

e Virtual addresses are 16 bits wide.

e Physical addresses are 13 bits wide.

e The page size is 512 bytes.

e The TLB is 8-way set associative with 16 total entries.

e The cache is 2-way set associative. with a block size of 4 bytes and a capacity of 64
bytes.

(b) The box below shows the format of a physical address. Indicate (by labeling the diagram)
the fields that would be used to determine the following.
PPO The physical page offset
PPN The physical page number
'O The block offset within the cache line
CI  The cache index
CT  The cache tag

121110 9 8 7 6 5 4 3 2 1

0




Problem 1-b

1. The following problem concerns the way virtual addresses are translated into physical ad-

dresses.

e The memory is byte addressable.

e Memory accesses are to 1-byte words (not 4-byte words).

e Virtual addresses are 16 bits wide.

e Physical addresses are 13 bits wide.

e The page size is 512 bytes.

e The TLB is 8-way set associative with 16 total entries.

e The cache is 2-way set associative. with a block size of 4 bytes and a capacity of 64
bytes.

(b) The box below shows the format of a physical address. Indicate (by labeling the diagram)
the fields that would be used to determine the following.
PPO The physical page offset
PPN The physical page number
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CI  The cache index
CT  The cache tag
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Problem 1-b

1. The following problem concerns the way virtual addresses are translated into physical ad-

dresses.

e The memory is byte addressable.

e Memory accesses are to 1-byte words (not 4-byte words).

e Virtual addresses are 16 bits wide.

e Physical addresses are 13 bits wide.

e The page size is 512 bytes.

e The TLB is 8-way set associative with 16 total entries.

e The cache is 2-way set associative, with a block size of 4 bytes and a capacity of 64
bytes.

(b) The box below shows the format of a physical address. Indicate (by labeling the diagram)
the fields that wonld be used to determine the following.
PPQ The physical page offset
PPN The physical page number
C'0O  The block offset within the cache line
CI  The cache index
CT  The cache tag

121110 9 8 7 6 5 4 3 2 1 0

121110 9 8 7 6 5 4 3 2 1 0

cT cT cT cT cT cT cT cT
PPN | PPN | PPN | PPN | PPO | PPO | PPO | PPO

co
PPO




Problem 1-¢

(¢) Give the format of the virtual address.

Virtual address: 31DE

Virtual address format (one bit per box)

15141312 1110 9 8 7 6 5 4 3 2
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Problem 1-¢

(¢) Give the format of the virtual address.

Virtual address: 31DE

Virtual address format (one bit per box)
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(¢) Give the format of the virtual address.

Virtual address: 31DE

Problem 1-¢

Virtual address format (one bit per box)
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15 14 13 12

1110 9 8

(¢) Give the format of the virtual address.

Problem 1-¢

Virtual address: 31DE

Virtual address format (one bit per box)

7 6 5 4
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Problem 1-d

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

"7 for "PPN".

Address translation

Parameter Value
VPN Ox
TLB Index 0x
TLB Tag Ox
TLB Hit? (Y/N)

Page Fault? (Y /N)

PPN Ox

151413 12 11 10 9

VPN
TLBT
0

VPN
TLBT
0

VPN
TLBT
1

VPN VPN
TLBT | TLBT
1 0

VPN VPN
TLBT | TLBI
0 0

8 7 6 5 4 3 2

1

0



15 14 13

"7 for "PPN".

Problem 1-d

Address translation

Parameter Value
VPN Ox
TLB Index 0x
TLB Tag Ox
TLB Hit? (Y/N)

Page Fault? (Y /N)

PPN Ox

12 11 10 9

VPN
TLBT
0

VPN
TLBT
0

VPN
TLBT
1

VPN VPN
TLBT | TLBT
1 0

VPN
TLBT
0

VPN
TLBI
0

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

8 7 6 5 4 3 2

1

0



15 14 13

"7 for "PPN".

Address translation

Problem 1-d

Parameter Value
VPN 0x 18
TLB Index 0x
TLB Tag Ox
TLB Hit? (Y/N)

Page Fault? (Y /N)

PPN Ox

12 11 10 9

VPN
TLBT
0

VPN
TLBT
0

VPN
TLBT
1

VPN VPN
TLBT | TLBT
1 0

VPN
TLBT
0

VPN
TLBI
0

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

8 7 6 5 4 3 2

1

0



Problem 1-d

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

"7 for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index (x
TLB Tag (x

TLB Hit? (Y/N)
Page Fault? (Y/N)

PPN 0x
1514 13121110 9
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

8 7 6 5§ 4 3 2

1

0



Problem 1-d

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

"7 for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x o
TLB Tag (x

TLB Hit? (Y/N)
Page Fault? (Y/N)

PPN 0x
1514 13121110 9
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

8 7 6 5§ 4 3 2

1

0



Problem 1-d

(d) For the given virtual address, fill in the following table. If there is a page fault, enter

"7 for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x o

TLB Tag 0x oc

TLB Hit? (Y/N)
Page Fault? (Y/N)

PPN 0x
1514 13121110 9
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

8 7 6 5§ 4 3 2

1

0



Problem 1-d

TLB Page Table
Index " Tag PPN Valid VPN PPN Valid |\'I)N PPN Valid
0 09 4 | 00 6 1 10 0 |
12 2 1 01 ) 0 11 5% 0
10 0 | 02 3 1 12 2 |
03 ) | 03 4 | 13 i 0
05 i | 04 2 0 14 6 0
13 1 0 05 7 1 15 2 0
10 3 U 06 1 0 16 4 0
18 3 U 07 3 0 17 6 0
1 04 | 0 08 H 1 18 1 |
oc | 0 09 4 0 19 2 0
12 0 U 0OA 3 0 LA ) 0
03 | y) 0B 2 0 1B 7 0
06 7 0 oc H 0 1C 6 0
03 | ) 0D 6 0 1D 2 0
07 ) 0 0E 1 1 1E 3 0
02 2 U OF 0 0 1F 1 U

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x 0

TLB Tag 0x oc

TLB Hit? (Y/N)
Page Fault? (Y /N)

1514 13121110 9 8 7 6 5 4 3 2 1 0




Problem 1-d

TLB Page Table
Index " Tag PPN Valid VPN PPN Valid |\'I)N PPN Valid
0 09 4 | 00 6 1 10 0 |
12 2 1 01 ) 0 11 5% 0
10 0 | 02 3 1 12 2 |
03 ) | 03 4 | 13 i 0
05 i | 04 2 0 14 6 0
13 1 0 05 7 1 15 2 0
10 3 U 06 1 0 16 4 0
18 3 U 07 3 0 17 6 0
1 04 | 0 08 H 1 18 1 |
oc | 0 09 4 0 19 2 0
12 0 U 0OA 3 0 LA ) 0
03 | y) 0B 2 0 1B 7 0
06 7 0 oc H 0 1C 6 0
03 | ) 0D 6 0 1D 2 0
07 ) 0 0E 1 1 1E 3 0
02 2 U OF 0 0 1F 1 U

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value

VPN 0x 18

TLB Index 0x 0

TLB Tag 0x oc

TLB Hit? (Y/N) N

Page Fault? (Y /N)

PPN 0x
1514 13121110 9 8 7 6 5 4 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT TLBT | TLBT | TLBT | TLBT TLBI

0 0 1 1 0 0 0




Problem 1-d

TLB Page Table
Index " Tag PPN Valid VPN PPN Valid |\'I)N PPN Valid
0 09 4 | 00 6 1 10 0 |
12 2 1 01 ) 0 11 5% 0
10 0 | 02 3 1 12 2 |
03 ) | 03 4 | 13 i 0
05 i | 04 2 0 14 6 0
13 1 0 05 7 1 15 2 0
10 3 U 06 1 0 16 4 0
18 3 U 07 3 0 17 6 0
1 04 | 0 08 H 1 18 1 |
oc | 0 09 4 0 19 2 0
12 0 U 0OA 3 0 LA ) 0
03 | y) 0B 2 0 1B 7 0
06 7 0 oc H 0 1C 6 0
03 | ) 0D 6 0 1D 2 0
07 ) 0 0E 1 1 1E 3 0
02 2 U OF 0 0 1F 1 U

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x 0
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N)
PPN 0x
1514 13 12 11 10 9 8 7 6 5 4 3 2 10
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT TLBT | TLBT | TLBT | TLBI
0 0 1 1 0 0 0




Problem 1-d

TLB Page Table
Index " Tag PPN Valid VPN PPN Valid |\'I)N PPN Valid
0 09 4 | 00 6 1 10 0 |
12 2 1 01 ) 0 11 5% 0
10 0 | 02 3 1 12 2 |
03 ) | 03 4 | 13 i 0
05 i | 04 2 0 14 6 0
13 1 0 05 7 1 15 2 0
10 3 U 06 1 0 16 4 0
18 3 U 07 3 0 17 6 0
1 04 | 0 08 H 1 18 1 |
oc | 0 09 4 0 19 2 0
12 0 U 0OA 3 0 LA ) 0
03 | y) 0B 2 0 1B 7 0
06 7 0 oc H 0 1C 6 0
03 | ) 0D 6 0 1D 2 0
07 ) 0 0E 1 1 1E 3 0
02 2 U OF 0 0 1F 1 U

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x 0
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N) N
PPN 0x
1514 13 12 11 10 9 8 7 6 54 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT TLBT | TLBT | TLBT | TLBI
0 0 1 1 0 0 0




Problem 1-d

TLB Page Table
Index " Tag PPN Valid VPN PPN Valid |\'I)N PPN Valid
0 09 4 | 00 6 1 10 0 |
12 2 1 01 ) 0 11 5% 0
10 0 | 02 3 1 12 2 |
03 ) | 03 4 | 13 i 0
05 i | 04 2 0 14 6 0
13 1 0 05 7 1 15 2 0
10 3 U 06 1 0 16 4 0
18 3 U 07 3 0 17 6 0
1 04 | 0 08 H 1 18 1 |
oc | 0 09 4 0 19 2 0
12 0 U 0OA 3 0 LA ) 0
03 | y) 0B 2 0 1B 7 0
06 7 0 oc H 0 1C 6 0
03 | ) 0D 6 0 1D 2 0
07 ) 0 0E 1 1 1E 3 0
02 2 U OF 0 0 1F 1 U

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x 0
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N) N
PPN 0x 7
1514 13 12 11 10 9 8 7 6 54 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT TLBT | TLBT | TLBT | TLBI
0 0 1 1 0 0 0




Problem 1-e

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x o
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N) N
PPN 0xq
1514 131211 10 9 8 7 6 5 4 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

(e) If there is a page fault, leave this part blank. Otherwise, indicate the format of the
physical address.

Physical address format (one bit per box)

121110 9 8 7 6 5 4 3 2 1 0




Problem 1-e

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x o
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N) N
PPN 0xq
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

(e) If there is a page fault, leave this part blank. Otherwise, indicate the format of the

physical address.

Physical address format (one bit per box)
12 11 10 9 8 7 6 5 4 3 2 1 0

PPN | PPN | PPN | PPN




Problem 1-e

(d) For the given virtual address, fill in the following table. If there is a page fault, enter
" for "PPN".

Address translation

Parameter Value
VPN 0x 18
TLB Index 0x o
TLB Tag 0x oc
TLB Hit? (Y/N) N
Page Fault? (Y/N) N
PPN 0xq
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VPN VPN VPN VPN VPN VPN VPN
TLBT | TLBT | TLBT | TLBT | TLBT | TLBT TLBI
0 0 1 1 0 0 0

(e) If there is a page fault, leave this part blank. Otherwise, indicate the format of the
physical address.

Physical address format (one bit per box)

1211 10 9 / 6 5 4

PPN | PPN | PPN | PPN
0 0 0 1




Problem 1-f

2-way Set Associative Cache

[u(l('.\'“ Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Byte 0 Byte 1 Byte 2Byte 3

0 19 1 99 11 23 11 00 0 99 11 23 11
| 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 9C 12 0 34 06 B2 9C
A ]
5]

07 0 43 6D 8F 09 05 (0 43 6D 8F 09
0D 1 36 32 00 78 1E 1 Al B2 C4 DE
G 11 0 A2 37 68 31 00 1 BB T 33 00
7 16 1 11 C2 11 33 1E 1 00 (&) OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "-" for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset Ox
Cache Index Ox
Cache Tag 0x

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

121110 9 8 7 6 5 4 3 2 1 0

cT cT cT cT cT cT cT cT
PPN | PPN | PPN | PPN | PPO | PPO | PPO | PPO

co | co
PPO | PPO




Problem 1-f

2-way Set Associative Cache

[u(lv.\'“ Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Byte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41

2 1B 1 00 02 04 08 0B 1 01 03 05 07

3 06 0 84 06 B2 9C 12 0 34 06 B2 9C
A )
5]

07 0 43 6D 8F 09 05 (0 43 6D 8F 09
0D 1 36 32 00 78 1E 1 Al B2 C4 DE
G 11 0 A2 37 68 31 00 1 BB T 33 00
7 16 1 11 C2 11 33 1E 1 00 (&) OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset Ox
Cache Index Ox
Cache Tag 0x

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211 10 9 /7 6 5 4 3 2 1 0

cT cT cT cT cT
PPN | PPN | PPN | PPN | PPO | PPO | PPO | PPO
0 0 0 1 1 1 1 0

co | co
PPO | PPO




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset Ox
Cache Index Ox
Cache Tag 0x

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset 0x2
Cache Index Ox
Cache Tag 0x

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset 0x2
Cache Index Ox7
Cache Tag 0x

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset 0x2
Cache Index Ox7
Cache Tag Ox1E

Cache Hit? (Y/N)
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset 0x2
Cache Index Ox7
Cache Tag Ox1E
Cache Hit? (Y/N) Y
Cache Byte returned | Ox

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 1-f

2-way Set Associative Cache
[mlv.ql Tag Valid|Byte 0 Byte 1 Byte 2 Byte 3" Tag Valid|Bvte 0 Byte 1 Byte 2Byte 3
0 19 1 99 11 23 11 00 0 99 11 23 11

1 15 0 4F 22 EC 11 2F 1 55 59 0B 41
2 1B 1 00 02 04 08 0B 1 01 03 05 07
3 06 0 84 06 B2 a9C 12 1] 34 06 B2 9C
1 07 0 43 6D 8F 09 05 (0 43 6D 8F 09
) 0D 1 36 32 00 78 1E 1 Al B2 C4 DE

6 11 0 A2 37 68 31 00 1 BB 7T 33 00
7 16 1 11 C2 11 33 1E 1 00 o OF 00

(f) If there is a page fault, leave this part blank. Otherwise, fill in the following table. If
there is a cache miss, enter "~ for "Cache Byte returned”.

Physical memory reference

Parameter Value
Byte offset 0x2
Cache Index Ox7
Cache Tag Ox1E
Cache Hit? (Y/N) Y
Cache Byte returned | OxgF

121110 9 8 7 6 5§ 4 3 2 1 0

1211109 8 7 6 5 4 3 2 1 0

CT cT cT cT co | co
PPN | PPN | PPN | PPN PPO | PPO | PPO | PPO PPO | PPO
0 0 0 1 1 1 1 0 1 0




Problem 2

addr val 210 [NJ PJ C| block size
400b030 00000017 M 11101 00000010
400b02c 00000002 010 JOJ 10 00000000
400b028 00000001 001 Jojoqp1 00000000
400b024 00000017 M 11101 00000010
400b020 0000001d 101 |1]0(1 00000018
400b01c fffffffc 100 J1]0]0 fffffffg
400b018 fffffffd 101 1110741 fffffff8
400b014 fffffffe 1Mo 1110 fffffff8
400b010 ffffffff M 1111 fffffff8
400b00c 0000001d 101 |1]0(1 00000018
400b008 00000016 1Mo 1110 00000010
400b004 200b601c 100 |1]0fo0 200b6018
400b000 800b522c 100 |1]0fo0 800b5228
400affc 00000016 1Mo 1110 00000010




Problem 2

addr val 210 [NJ PJ C| block size
400b030 00000017 M1 1111 00000010
400b02c 00000002 010 JO| 10O 00000000
400b028 00000001 001 JOJOf1 00000000
400b024 00000017 1M1 1111 00000010
400b020 0000001d 101 |1]0(1 00000018
400b01c fffffffc 100 |1]0f0 fffffff8
400b018 fffffffd 101 | 1] 0f1 fffffff8
400b014 fffffffe M0 {110 fffffff8
400b010 ffffffff M1 1111 fffffff8
400b00c 0000001d 101 |1]0(1 00000018
400b008 00000016 1Mo 1110 00000010
400b004 200b601c 100 |1]0fo0 200b6018
400b000 800b522c 100 |1]0fo0 800b5228
400affc 00000016 1Mo 1110 00000010




Problem 2

addr val 210 N[ P | C|] block size
400b030 00000017 M1 1f1]1 00000010
400b02c 00000002 o1tojof1jo 00000000
400b028 00000001 001 Jofo]1 00000000
400b024 00000017 M1 1111 00000010
4000020 0000001d 101 ]110]1 00000018
400b01c fffffffc 100|110} 0 fffffff8
400b018 fffffffd 101 | 1]0]1 fffffff8
400b014 fffffffe 1Moj141]0 fffffff8
400b010 ffffffff M1 1411 fffffff8
400b00c 0000001d 101 ]110]1 00000018
400b008 00000016 1Mmoj141]o 00000010
400b004 200b601cC 10]190]0 200b6018
400b000 800b522c 100]140]o0 800b5228
400affc 00000016 1Mo0]141]o0 00000010

addr val 210 | Nf P] C|] block size
400b02c 00000002 o1tofjof1]o 00000000
400b028 00000001 001 jofof1 00000000
400b01c fffffffc 100f110]0 fffffffs
400b018 fffffffd 101 )10} 1 fffffff8
400b014 fffffffe 1Mo f141]0 fffffff8
4000010 ffffffff M1 f1p1]1 fffffff8
400b00c 0000001d 101 {101 00000018
400b008 00000016 Mof141]0 00000010
400b004 200b601cC 100f1410]0 200b6018
4000000 800b522c 100 {1]0]0 800b5228




3.

Problem 3-a

Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer to a valid block header or footer, returns the size of the
block (number of bytes). =/

int size(void* hp) {
return (*hp) & (70x7); /* Correct? =/
}

Circle one: Yes or No

Rewnritten line of code:




Problem 3-a

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.
e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.




Problem 3-a

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer to a valid block header or footer, returns the size of the
block (number of bytes). =/

int size(void* hp) {
return (*hp) & (70x7); /* Correct? =/
}

Circle one: Yes or No

Rewritten line of code:

return (*(int*)hp) & (~0x7);



Problem 3-b

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer p to an allocated block, i.e,. p is a pointer returned by

a previous malloc/realloc call; returns a pointer to the block’s footer. */
void* footer(void+* p) {

return (char*)p + size((charx)p - 4) - 8; /* Correct? %/

}

Circle one: Yes or No

Rewnritten line of code:




Problem 3-b

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer p to an allocated block, i.e,. p is a pointer returned by
a previous malloc/realloc call; returns a pointer to the block’s footer. */
void* footer(void* p) {
return (charx*)p + size((charx)p - 4) - 8; /* Correct? */

}

Circle one: Yes or No

Rewritten line of code:




Problem 3-b

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.

e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer p to an allocated block, i.e,. p is a pointer returned by
a previous malloc/realloc call; returns a pointer to the block’s footer. */
void* footer(void* p) {
return (char*)p + size((charx)p - 4) - 8; /* Correct? %/

}

Circle one: Yes or No

Rewnritten line of code:

addr | desc
0x400b010
0x400b008 junk
0x400b004 junk
0x400b000 p




3.

Problem 3-¢

Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer to a valid block header or footer, returns the usage of
the previous block, 1 for allocated, 0 for free. */

int prev_allocated(void* hp) {
return (*(int#)hp) & Ox4; /* Correct? =/

}

Circle one: Yes or No

Rewritten line of code:




Problem 3-c

3. Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.
e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.




3.

Problem 3-¢

Consider an allocator that uses an implicit free list. Each memory block, either allocated or
free, has a size that is a multiple of eight bytes. Thus, only the 29 higher order bits in the
header and footer are needed to record block size, which includes the header and footer and
is represented in units of bytes. The usage of the remaining 3 lower order bits is as follows:

e bit 0 indicates the use of the current block: 1 for allocated, 0 for free.
e bit 1 indicates the use of the previous block: 1 for allocated, 0 for free.

e bit 2 indicates the use of the next block: 1 for allocated, 0 for free.

/* Given a pointer to a valid block header or footer, returns the usage of
the previous block, 1 for allocated, 0 for free. */

int prev_allocated(void* hp) {
return (*(int*)hp) & Ox4; /* Correct? =/

}

Circle one: Yes or No

Rewritten line of code:

((*(int*)hp) & 0x2) >> 1;



Problem 4-a-i

(a) A context switch between two threads in the same process is faster than a context switch
between two processes.

1. Explain why.



Problem 4-a-i

(a) A context switch between two threads in the same process is faster than a context switch
between two Processes.
1. Explain why.
i. Thread contexts are much smaller than process contexts. This is primarily due the
to fact that all threads running in a process share the entire virtual memory address
space.



Problem 4-a-ii

il. Assume that vou are running a badly programmed version of UNIX in which con-
text switches between threads are actually slower than context switches between
processes. Describe a situation in which you, as a programmer, would still prefer to
use multiple threads as opposed to multiple processes.



Problem 4-a-ii

il. Assume that you are running a badly programmed version of UNIX in which con-
text switches between threads are actually slower than context switches between
processes. Describe a situation in which you, as a programmer, would still prefer to
use multiple threads as opposed to multiple processes.

ii. Sharing data between threads is easier and incurs less overhead than between pro-
cesses because threads share the same virtual memory address space.



(b)

Problem 4-b-i

A global variable is “shared” if it is accessed by more than one thread during the exe-
cution of a program. Recall that most of the time, a thread should only access a shared
global variable while holding the lock that protects that variable.

i. Describe a situation in which a correct program would not need to hold any lock
while accessing a shared global variable.



Problem 4-b-i

(b) A global variable is “shared” if it is accessed by more than one thread during the exe-
cution of a program. Recall that most of the time, a thread should only access a shared
global variable while holding the lock that protects that variable.

i. Describe a situation in which a correct program would not need to hold any lock
while accessing a shared global variable.

i. A lock is not required for correctness if all threads accessing the shared variable do
only reads.



Problem 4-b-ii

1i. Explain why it is critical that each of the P and V operations on a semaphore occur
indivisibly.



i.

Problem 4-b-ii

ii. Explain why it is critical that each of the P and V' operations on a semaphore occur
indivisibly.
The semaphore is itself a shared variable. Without atomicity, it could suffer the
same interruptions in the load/update/store sequence that we must prevent for
other shared variables to ensure correctness.



Problem 4-c

(c) Consider two multi-threaded web servers. Server A creates a new thread for each incom-
ing connection. Server B, on the other hand, pre-creates a fixed pool of threads (eight,
for example) at startup time and uses these to handle all connections. First, describe a
workload that will cause A to perform better than B. Second, describe a workload that
will cause B to perform better than A. In each case, explain why there is a difference in
performance. We say that a web server performs better than another if it handles more
requests per second.



Problem 4-c

(c) Consider two multi-threaded web servers. Server A creates a new thread for each incom-
ing connection. Server B, on the other hand, pre-creates a fixed pool of threads (eight,
for example) at startup time and uses these to handle all connections. First, describe a
workload that will cause A to perform better than B. Second, describe a workload that
will cause B to perform better than A. In each case, explain why there is a difference in
performance. We say that a web server performs better than another if it handles more
requests per second.

(¢c) Server B will perform better than server A is there is a steady stream of eight or fewer

concurrent requests, because B does not incur the overhead of thread creation and re-
moval for each request (as A does).

Server A will perform better than server B if there are regularly more than eight con-
current requests, because A can dynamically create a new thread to handle each new



Problem 5-a

Program 1 Initially., ais 1, bis 1, and ¢ is 1.

Thread 1 Thread 2

P(a) Plc)
P(b) P(a)
Pic) Vie)
Via) P(b)
Vib) Via)
Vie) V(b)

Circle one of the following ontcomes. When Program 1 executes. deadlock:

;l]\‘.';l)'.\ occurs ln]‘.‘,hi OCCur never occurs

Thread 1] Thread 2| a|b] c

P(a) o141

P(b) 01071

P(c) 0jo0jo0
V(a) 11010 Thread 1| Thread2 [a|b]c
V(b) 11110 P(a) of 111
V(c) 11101 P(c) of11]o0
P(c) 11110 P(b) 0fofjo
P(a) ol1]0 P(c) P(a) -1-1-

V(c) o111

P(b) 0101

V(a) 1101

V(b) 11111




Problem 5-b

Program 2 Initially. ais 1, bis 1, and ¢ is 1.

Thread 1 Thread 2

P(a) Pla)
P(b) Via)
Pic) Plc)
Via) P(b)
Vib) Vie)
Vi(c) V(b)

Circle one of the following ontcomes. When Program 2 executes. deadlock:

always occurs might occur NEeVer oceurs

Thread 1| Thread 2| a]|b] c

P(a) o111

P(b) ofjof1
P(c) 0jojo Thread 1| Thread2 |a|b]c
V(a) 110(0 P(a) of11]1
V(b) 111]0 V(a) 1{1]1
V(c) 1111 P(c) 11110
P(a) o111 P(a) 0f11]o0
V(a) 1111 P(b) ofojo
P(c) 1110 P(c) P(b) -1 -1-

P(b) 110(0

V(c) 1101

V(b) 1111




Problem 5-¢

Program 3 Initially. ais 1, bis 1. and c is 1.

Thread 1 Thread 2

P(a) P(h)
P(c) P(a)
Vie) P(c)
Via) Via)
P(b) Vie)
V(b) V(b)

Circle one of the following ontcomes. When Program 3 executes. deadlock:

always occurs might occur NEeVer occurs

Thread 1| Thread 2| a| b c
P(a) o111
P(c) oj1fo
V(c) oj11]1
V(a) 1111
P(b) 110]0
V(b) 111]1

P(b) 1101
P(a) 010¢1
P(c) ojofo
V(a) 110]0
V(c) 1101

111]1

V(b)




Problem 6-a

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {
return (x << 31) & 1;

}
fool:
pushl %ebp int choice3(int x) {
movl %esp,’ebp return 15 * x;
movl 8(%ebp),%eax }
sall $4,%eax
subl 8(%ebp) ,%eax int choiced(int x) {
movl %ebp,’esp return (x + 15) / 4;
popl Y%ebp }
ret

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo1 corresponds to C function




Problem 6-a

fool:
pushl %ebp
movl %esp,lebp
movl 8(Y%ebp),%eax
sall $4,%eax
subl 8(%ebp),%eax
movl %ebp,’esp
popl Yebp
ret

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {
return (x << 31) & 1;

}

int choice3(int x) {
return 15 * x;

}

int choiced(int x) {
return (x + 15) / 4;
}

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo1 corresponds to C function choice3



Problem 6-b

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {

return (x << 31) & 1;
foo2: }

pushl %ebp

movl Yesp,Jebp

movl 8(Y%ebp),%eax

testl Yeax,leax }

jge .L4

addl $15,%eax
La:

sarl $4,%eax }

movl Y%ebp,lesp

popl %ebp

ret

int choice3(int x) {
return 15 * x;

int choiced(int x) {
return (x + 15) / 4;

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo2 corresponds to C function




Problem 6-b

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {

return (x << 31) & 1;
foo2: }

pushl %ebp
movl Yesp,Jebp
movl 8(Y%ebp),%eax

int choice3(int x) {
return 15 * x;

testl Yeax,leax }

jge .L4

addl $15,%eax int choiced4(int x) {
.La: return (x + 15) / 4;

sarl $4,)eax }

movl %ebp,%esp
popl %ebp
ret

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo2 corresponds to C function choice5



Problem 6-c

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {
return (x << 31) & 1;

foo3:
}

pushl %ebp

movl %esp,J%ebp
movl 8(%ebp),lecx
xorl Yeax,leax

int choice3(int x) {
return 15 * x;

}
testl %ecx,liecx
j .L6
ii:l Yeax int choiced(int x) {
L6 vea return (x + 15) / 4;

movl %ebp,lesp +

popl %ebp
ret

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo3 corresponds to C function




Problem 6-c

int choicel(int x) {
return (x < 0);

}

int choice2(int x) {
return (x << 31) & 1;

foo3:
}

pushl %ebp

movl %esp,J%ebp
movl 8(%ebp),lecx
xorl Yeax,leax
testl Yecx,liecx

int choice3(int x) {
return 15 * x;

}

j .L6
iiil tenx int choice4(int x) {
L6 vea return (x + 15) / 4;

movl %ebp,lesp +

popl %ebp
ret

int choice5(int x) {
return x / 16;

}

int choice6(int x) {
return (x >> 31);

}

Assembler routine foo3 corresponds to C function choice1



Problem 7

7. Consider the following code fragment containing the incomplete definition of a data type
struct matrix_entry with four fields.

struct matrix_entry with four fields.
return_entry:

pushl %ebp
movl %esp,%ebp

struct matrix_entry{

------- as struct matrix_entry matrix[2] [5]; movl 8(%ebp) ,%eax
o leal (Yeax,%eax,4),%eax
""""" ’ short return_entry(int i, int j) { addl 12(Jebp),Jeax
chort < return matrix[i][j].c; sall $4,%eax
; } movl matrix+6(jeax),leax
N movl Jebp,esp
_________ ; popl Jebp
ret
};
| Type || Size (bytes) [ Alignment (bytes) |
char 1 1
short 2 2
int 4 1
double 8 4




Problem 7

7. Consider the following code fragment containing the incomplete definition of a data type
struct matrix_entry with four fields.

struct matrix_entry with four fields.
return_entry:

pushl %ebp
movl %esp,%ebp

struct matrix_entry{

------- as struct matrix_entry matrix[2] [5]; movl 8(%ebp) ,%eax
Short or char . leal (Yeax,%eax,4),%eax
""""" ’ short return_entry(int i, int j) { addl 12(Jebp),leax
return matrix[i] [j].c; sall $4,Jeax
short «c; .
} movl matrix+6(Jjeax),jeax
N movl Jebp,esp
_________ ; popl %ebp
;. ret
| Type || Size (bytes) [ Alignment (bytes) |
char 1 1
short 2 2
int 4 1
double 8 4




Problem 7

7. Consider the following code fragment containing the incomplete definition of a data type
struct matrix_entry with four fields.

struct matrix_entry with four fields.
return_entry:

pushl %ebp
movl %esp,%ebp

struct matrix_entry{

int
------- as struct matrix_entry matrix[2] [5]; movl 8(%ebp) ,%eax
short or char y. leal (Jeax,%eax,4),%eax
""""" ’ short return_entry(int i, int j) { addl 12(Jebp),Jeax
return matrix([i] [j].c; sall $4,%eax
short «c; : ) .
} movl matrix+6(Jeax),’eax
d: movl Yebp,%esp
""""" ’ popl Yebp
ret
}
| Type || Size (bytes) [ Alignment (bytes) |
char 1 1
short 2 2
int 4 4
double 8 4




Problem 7

7. Consider the following code fragment containing the incomplete definition of a data type
struct matrix_entry with four fields.

struct matrix_entry with four fields.
return_entry:

pushl %ebp
movl %esp,%ebp

struct matrix_entry{

int
------- as struct matrix_entry matrix[2] [5]; movl 8(%ebp) ,%eax
Short or char . leal (Yeax,’%eax,4),%eax
""""" ’ short return_entry(int i, int j) { addl 12(Jebp),Jeax
chort < return matrix[i] [j].c; sall $4,Jeax
; } movl matrix+6(jeax),leax
double N movl Jebp,esp
_________ ; popl Jebp
ret
};
| Type || Size (bytes) [ Alignment (bytes) |
char 1 1
short 2 2
int 4 1
double 8 4




Problem 8

/* copy string x to buf */
void foo(char #*x) {

int buf[1];

strcpy((char *)buf, x);
}

void callfoo() {
foo("abcdefghi");
}

Functions foo and callfoo have the following disassembled form on an IA32 machine.

080484f4 <foo>:

080484£4: 55 pushl Yebp

080484f5: 89 eb5 movl  Yesp,lebp
080484£f7: 83 ec 18 subl  $0x18,%esp
080484fa: 8b 45 08 movl  0x8(ebp),%eax
080484fd: 83 c4 f£8 addl $Oxfff£fff£8,%esp
08048500: 50 pushl Yeax # push x
08048501: 8d 45 fc leal Oxfffffffc(ebp),%eax
08048504: 50 pushl Yeax # push buf
08048505: e8 ba fe ff ff call 80483c4 <strcpy>
0804850a: 89 ec movl  Y%ebp,lesp
0804850c: 5d popl  Y%ebp

0804850d: c3 ret

08048510 <callfoo>:

08048510: 55 pushl Y%ebp

08048511: 89 e5 movl  Yesp,%ebp
08048513: 83 ec 08 subl $0x8,esp
08048516: 83 c4 f4 addl $Oxfffffffd, Yesp

08048519: 68 9c 85 04 08 pushl $0x804859c¢ # push string address
0804851e: e8 d1 ff ff ff call  80484f4 <foo>

08048523: 89 ec movl  %ebp,’esp

08048525: 5d popl  Yebp

08048526: c3 ret



/* copy string x to buf */

void foo(char *x) {

int buf([1];
strcpy((char *)buf, x);

}

void callfoo() {
foo("abcdefghi");

}

Functions foo and callfoo have the following disassembled form on an IA32 machine.

080484f4 <foo>:

080484f4:
080484£5:
08048417
080484fa:
080484fd:
08048500:
08048501:
08048504 :
08048505:
0804850a:
0804850c:
0804850d:

08048510

08048510:
08048511:
08048513:
08048516:
08048519:
0804851e:
08048523:
08048525:
08048526:

55
89
83
8b
83
50
8d
50
ed
89
5d
c3

eb

ec 18
45 08
cd f8

45 fc

ba fe ff ff
ec

<callfoo>:

55
89
83
83
68
e8
89
5d
c3

e5

ec 08

cd f4

9c 85 04 08
dl ff £ff ff
ec

pushl
movl
subl
movl
addl
pushl
leal
pushl
call
movl
popl
ret

pushl
movl
subl
addl
pushl
call
movl
popl
ret

Problem 8

%ebp

%esp,%ebp
$0x18,%esp

0x8 (Yebp) ,%eax
$Oxfff£f£f££8,%esp
fheax # push x
Oxfffffffc(/ebp),leax
feax # push buf
80483c4 <strcpy>
%ebp,%esp

%ebp

%ebp

%esp,kebp
$0x8,%esp
$Oxfffffffd, Yesp

$0x804859¢ # push string address

80484f4 <foo>
%ebp,lesp
%ebp

Ox 61 62 63 64 65 66 67 68 69 00




Problem 8

/* copy string x to buf */
void foo(char #*x) {

int buf[1];

strcpy((char *)buf, x);
}

void callfoo() {
foo("abcdefghi");
}

Functions foo and callfoo have the following disassembled form on an IA32 machine.

080484f4 <foo>:

080484f4: 55 pushl Yebp

080484£f5: 89 eb movl  Yesp,%ebp

080484f7: 83 ec 18 subl $0x18, %esp

080484fa: 8b 45 08 movl  0x8(%ebp),%eax X lox 61 62 63 64 65 66 67 68 69 00
080484fd: 83 c4 £8 addl  $Oxfffffff8,Jesp

08048500: 50 pushl Yeax # push x buf[2] 0x 08 04 00 69
08048501: 8d 45 fc leal Oxfffffffc(¥ebp),leax buf[1] 0x 68 67 66 65
08048504: 50 pushl Yeax # push buf buf[0] 0x 64 63 62 61
08048505: e8 ba fe ff ff call 80483c4 <strcpy>

0804850a: 89 ec movl  Y%ebp,lesp

0804850c: 5d popl  Yebp

0804850d: c3 ret

08048510 <callfoo>:

08048510: 55 pushl Yebp

08048511: 89 e5 movl  ‘esp,%ebp
08048513: 83 ec 08 subl  $0x8,%esp
08048516: 83 c4 f4 addl $Oxfffffffd, esp

08048519: 68 9c 85 04 08 pushl $0x804859c # push string address
0804851e: e8 d1 ff ff ff call  80484f4 <foo>

08048523: 89 ec movl  Yebp,%esp

08048525: 5&d popl  Yebp

08048526: c3 ret



/* copy string x to buf */

void foo(char *x) {

int buf [1];
strcpy((char *)buf, x);

}

void callfoo() {

foo("abcdefghi");

}

Problem 8

Functions foo and callfoo have the following disassembled form on an [A32 machine.

080484f4 <foo>:

08048414:
080484£5:
080484£7:
080484fa:
080484fd:
08048500:
08048501:
08048504:
08048505:
0804850a:
0804850c:
0804850d:

08048510

08048510:
08048511:
08048513:
08048516:
08048519:
0804851e:
08048523:
08048525:
08048526:

55
89
83
8b
83
50
8d
50
ed
89
5d
c3

e5
ec
45
c4d

45

ba
ec

18
08
8
fc

fe ff £ff

<callfoo>:

55
89
83
83
68
e8
89
5d
c3

e5
ec
cd
9c
d1
ec

08
fa
85 04 08
ff £ff £f

pushl
movl
subl
movl
addl
pushl
leal
pushl
call
movl
popl
ret

pushl
movl
subl
addl
pushl
call
movl
popl
ret

%ebp

%esp,lebp
$0x18,%esp
0x8(%ebp) ,%eax
$Oxf£f£f££££8,%esp
feax # push x
Oxfffffffc(%ebp),’leax
feax # push buf
80483c4 <strcpy>
%ebp,lesp

%ebp

hebp

%esp,lebp
$0x8,esp
$Oxfffffffd, esp

$0x804859c¢ # push string address

80484f4 <foo>
%ebp,lesp
%ebp

X |Ox 61 62 63 64 65 66 67 68 69 00
buf[2] Ox 08 04 00 69
buf[1] 0x 68 67 66 65
buf[0] 0x 64 63 62 61
callfoo return address buf[2] 0x 08 04 00 69
save ebp buf[1] 0x 68 67 66 65
leal Oxfffffffc(%ebp) buf[0] 0x 64 63 62 61




/* copy string x to buf #*/

void foo(char *x) {

int buf[1];

strcpy((char *)buf, x);

}

void callfoo() {

foo("abcdefghi");

}

Problem 8

Functions foo and callfoo have the following disassembled form on an [A32 machine.

080484f4 <foo>:

080484f4: 55
080484f5: 89
080484£7: 83
080484fa: 8b
080484fd: 83
08048500: 50
08048501: 8&d
08048504: 50
08048505: e8
0804850a: 89
0804850c: 5d
0804850d: c3

e5
ec
45
c4d

45

ba
ec

18
08
f8
fc

fe ff £ff

08048510 <callfoo>:

08048510: 55
08048511: 89
08048513: 83
08048516: 83
08048519: 68
0804851e: e8
08048523: 89
08048525: 5d
08048526: c3

e5
ec
cd
9c
d1
ec

08
fa
85 04 08
ff £ff £f

pushl
movl
subl
movl
addl
pushl
leal
pushl
call
movl
popl
ret

pushl
movl
subl
addl
pushl
call
movl
popl
ret

%ebp

%esp,lebp
$0x18,%esp
0x8(Yebp) ,%eax
$Oxf£f£f££££8,%esp

feax

# push x

Oxfffffffc(%ebp),’leax

feax

# push buf

80483c4 <strcpy>
%ebp,lesp

%ebp

hebp

%esp,lebp
$0x8,%esp
$Oxfffffffd, esp

$0x804859c¢

80484f4 <foo>
%ebp,lesp

%ebp

|0X 61 62 63 64 65 66 67 68 69 00

# push string address

buf[2] Ox 08 04 00 69
buf[1] 0x 68 67 66 65
buf[0] 0x 64 63 62 61
callfoo return address buf[2] 0x 08 04 00 69
save ebp buf[1] 0x 68 67 66 65
leal Oxfffffffc(%ebp) buf[0] 0x 64 63 62 61
reg old answer
%ebp 2222272727 0x 68 67 66 65
%eip 0x 80 04 85 23 0x 08 04 00 69




Problem 9-a

9. Consider the following C program. Assume that all functions return normally and that the
proper header files have been included.

int main() {
int status;
printf ("start\n");
printf ("%d\n", !fork());
if(wait(&status) != -1)
printf("{d\n", WEXITSTATUS(status));

printf ("end\n");
exit(2);

Recall the following:

e Function wait returns -1 when there is an error. e.g., when there is no child.

e Macro WEXITSTATUS extracts the exit status of the terminating process.

(a) Draw a diagram that illustrates the processes at run-time.
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int main() {
int status;
printf ("start\n");
printf ("%d\n", !fork());
if(wait(&status) != -1)
printf("{d\n", WEXITSTATUS(status));
printf ("end\n");
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Recall the following:

e Function wait returns -1 when there is an error. e.g., when there is no child.

e Macro WEXITSTATUS extracts the exit status of the terminating process.

(a) Draw a diagram that illustrates the processes at run-time.
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Problem 9-b

int main() {
int status;
printf ("start\n");
printf ("/d\n", !fork());
if(wait(&Zstatus) != -1)
printf ("%d\n", WEXITSTATUS(status));
printf ("end\n");
exit(2);

(b) Give three possible outputs of this program.



Problem 9-b

int main() {
int status;
printf ("start\n");
printf ("/d\n", !fork());
if(wait(&Zstatus) != -1)
printf ("%d\n", WEXITSTATUS(status));
printf ("end\n");
exit(2);

(b) Give three possible outputs of this program.

(b) All three valid topological sorts of the following graph.

()
(O )~()

start start start
1 0 1
end 1 0

0 end end
2 2 2

end end end



