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Spring 2014 
 

Lecture 8: 
Memory hierarchies (continued) 



Lecture outline 
 Announcements/reminders 
 HW 5 due today 
 HW 6 to be posted; due 4/17 

 
 Review 
 Multiple issue and multithreading 
 Memory hierarchy design 

 Today’s lecture 
 Continue with memory hierarchy design 
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Review: TLP, multithreading 
 ILP (which is implicit) limited on realistic 

hardware for single thread of execution 
 Could look at explicit parallelism:  Thread-

Level Parallelism (TLP) or Data-Level 
Parallelism (DLP) 

 Focus on TLP and multithreading 
 Coarse-grained: switch threads on a stall 
 Fine-grained: switch threads every cycle 
 Simultaneous: allow multiple threads to execute in 

same cycle 



Review: memory hierarchies 
 We want a large, fast, low-cost memory 
 Can’t get that with a single memory  

 Solution:  use a little bit of everything! 
 Small SRAM array  cache 

 Small means fast and cheap 
 More available die area  multiple cache levels on chip 

 Larger DRAM array  main memory 
 Hope you rarely have to use it 

 Extremely large hard disk 
 Costs are decreasing at a faster rate than we fill them 
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Review: Cache operation & terminology 
 Accessing data (and instructions!) 
 Check the top level of the hierarchy 

 If data is present, hit, if not, miss 
 On a miss, check the next lowest level 

 With 1 cache level, you check main memory, then disk 
 With multiple levels, check L2, then L3 

 Average memory access time gives overall 
view of memory performance 

  AMAT = (hit time) + (miss rate) x (miss penalty) 
 Miss penalty = AMAT for next level 

 Caches work because of locality 
 Spatial vs. temporal 
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4 Questions for Memory Hierarchy 
 Q1: Where can a block be placed in the upper level? 

 (Block placement) 
 Fully associative, set associative, direct-mapped 

 Q2: How is a block found if it is in the upper level?  
 (Block identification) 

 Q3: Which block should be replaced on a miss? 
 (Block replacement) 

 Q4: What happens on a write?  
 (Write strategy) 
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Q2: Block identification 
 Tag on each block 
 No need to check index or block offset 

 Increasing associativity shrinks index, 
expands tag 

Block 
Offset 

Block Address 

Index Tag 
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Address breakdown 
 Can address single byte (smallest addressable unit) 

 If addressing multiple bytes, address is lowest in word/half-word 
 E.g., word containing bytes 0-3 accessed by address 0 

 Block offset:  byte address within block 
 # block offset bits = log2(block size) 

 Index:  line (or set) number within cache 
 # index bits = log2(# of cache lines or sets) 
 
 # of cache sets =  
 

 Tag:  remaining bits 

Tag Block 
offset Index 

total cache size
(block size)  (associativity)×
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Address breakdown example 
 Given the following: 
 32-bit address 
 32 KB direct-mapped cache 
 64 bytes per block 

 
What are the sizes for the tag, index, and block 

offset fields? 
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Solution 

 We know: 
 Size of each block:  64 bytes = 26 bytes 
 Takes 6 bits to address each byte within a block 
 Offset size = 6 bits 

 Cache is direct-mapped:  associativity = 1 
 Total cache size = 32 KB = 215 bytes (1 K = 210) 
  # of cache lines = 215 / (26 x 20) = 29 
  Index size = 9 bits 

 Address size = 32 bits 
 Already use 6 + 9 = 15 bits for offset and index 
 Tag size = 32 – 15 = 17 bits 
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Mapping memory to cache 

29 
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33 

19 
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12 
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        tag   data 
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28 
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tag index block offset 

Address: 

0 
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2 
 
3 

1 bit 2 bits 1 bit 

Example: 
 8-byte cache 
 2-byte blocks 
 16-byte 

memory 
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Mapping memory example 
 Say we have the following cache organization 

 Direct-mapped 
 4-byte blocks 
 32 B cache 
 6-bit memory addresses 

 Given the addresses below, answer the following 
questions 
 Which addresses belong to the exact same block? 

 i.e., both tag and index are equal 
 Which addresses map to the same cache line, but are part 

of different blocks? 
 i.e., index numbers are equal, but tags are different 

 Addresses:  3, 4, 6, 11, 37, 43 
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Solution 
 Figure out size of each field 

 4 = 22
 bytes per block  

   2-bit offset 
 32 / (4 x 1) = 8 = 23 cache 

lines  3-bit index 
 6-bit address, 5 bits for 

offset & index  1-bit tag 
 Convert addresses into 

binary 
 3   = 0 000 11 
 4   = 0 001 00 
 6   = 0 001 10 
 11 = 0 010 11 
 37 = 1 001 01 
 43 = 1 010 11 

 Addresses 4 & 6 are part of 
same block  
 Index = 001, tag = 0 

 Address 37 maps to same 
cache line as 4 & 6, but 
different block 
 Index = 001, tag = 1 

 Addresses 11 & 43 map to 
same cache line, but 
different blocks 
 Index = 010 for both 
 Tag = 0 for 11, 1 for 43 
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Q3: Block replacement 
 On cache miss, bring requested data into 

cache 
 If line contains valid data, that data is evicted 

 When we need to evict a line, what do we 
choose? 
 Easy choice for direct-mapped—only one 

possibility! 
 For set-associative or fully-associative, choose 

least recently used (LRU) line 
 Want to choose data that is least likely to be used next 
 Temporal locality suggests that’s the line that was 

accessed farthest in the past 



4/9/2014 Computer Architecture Lecture 7 15 

Direct-mapped cache example 
 Assume the following simple setup 
 Only 2 levels to hierarchy 
 16-byte memory  4-bit addresses 
 Cache organization 

 Direct-mapped 
 8 total bytes 
 2 bytes per block  4 lines 
 Write-back cache 

 Leads to the following address breakdown: 
 Offset:  1 bit 
 Index:  2 bits 
 Tag:  1 bit 
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Direct-mapped example (cont.) 

 We’ll use the following sequence of accesses  
 

lb   $t0, 1($zero) 

lb   $t1, 8($zero) 

sb  $t1, 4($zero) 

sb   $t0, 13($zero) 

lb   $t1, 9($zero) 
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Direct-mapped cache example:  initial state 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Registers: 
$t0 = ?, $t1 = ? 
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Direct-mapped cache example:  access #1 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 
2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Address = 1 = 00012 
 Tag = 0 
 Index = 00 
 Offset = 1 

Hits:  0 
Misses: 0 

Registers: 
$t0 = ?, $t1 = ? 
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Direct-mapped cache example:  access #1 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 
2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 0 78 29 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Address = 1 = 00012 
 Tag = 0 
 Index = 00 
 Offset = 1 

Hits:  0 
Misses: 1 

Registers: 
$t0 = 29, $t1 = ? 
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Direct-mapped cache example:  access #2 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 0 78 29 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Address = 8 = 10002 
 Tag = 1 
 Index = 00 
 Offset = 0 

Hits:  0 
Misses: 1 

Registers: 
$t0 = 29, $t1 = ? 
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Direct-mapped cache example:  access #2 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Address = 8 = 10002 
 Tag = 1 
 Index = 00 
 Offset = 0 

Hits:  0 
Misses: 2 

Registers: 
$t0 = 29, $t1 = 18 
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Direct-mapped cache example:  access #3 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

Address = 4 = 01002 
 Tag = 0 
 Index = 10 
 Offset = 0 

Hits:  0 
Misses: 2 

Registers: 
$t0 = 29, $t1 = 18 
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Q4: What happens on a write? 
Write-Through Write-Back 

Policy 

Data written to 
cache block 

also written to 
lower-level 

memory 

Write data only 
to the cache 

 
Update lower 
level when a 

block falls out of 
the cache 

Debug Easy Hard 
Do read misses 
produce writes? No Yes 

Do repeated 
writes make it 
to lower level? 

Yes No 
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Write policy example 
 Say we have the following code sequence: 
   
  lw  $t0, 0($t1) 
  addi  $t2, $t0, 5 
  sw $t2, 4($t1) 
  addi  $t2, $t2, 10 
  sw $t2, 8($t1) 
  addi  $t2, $t2, 20 
  sw $t2, 12($t1) 

 
 Assume all addresses map to the same cache block 
 Assume this initial cache line state (each block entry is 1 word, 

not 1 byte, shown in decimal) 
 Valid Dirty Tag Block 

1 0 1000 100 0 0 0 
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Write policy example (cont.) 
 In write-through cache, no need for dirty bit 
 Every single write (store instruction) causes entire 

block to be written to memory 
 After first store, cache line: 

 
 
 

 After second store: 
 
 
 

 After third store 

Valid Tag Block 
1 1000 100 105 0 0 

Valid Tag Block 
1 1000 100 105 115 0 

Valid Tag Block 
1 1000 100 105 115 135 
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Write policy example (cont.) 
 Write-through cache produces 3 memory writes 

 Not strictly necessary—as long as data remains in cache, most 
up-to-date value is available at top of hierarchy 

 Accesses never go to memory until block is evicted 
 In write-back cache, only write data to memory on eviction 

 Check dirty bit to see if write back is needed 
 Bit is set on every write to block 
 Bit is cleared when block is evicted and new data brought into line 

 After first store: 
 
 
 

 Second, third store proceed in same way 
 Difference is that no writes to memory occur in this sequence! 

Valid Dirty Tag Block 
1 1 1000 100 105 0 0 



Write Buffers for Write-Through Caches 

Q. Why a write buffer ?  

Processor 
Cache 

Write Buffer 

Lower 
Level 

Memory 

Holds data awaiting write-through to  
lower level memory 

A. So CPU doesn’t stall  

Q. Why a buffer, why 
not just one register ? 

A. Bursts of writes are 
common. 

Q. Are Read After Write 
(RAW) hazards an issue 
for write buffer? 

A. Yes!  Drain buffer before 
next read, or send read 1st 
after check write buffers. 
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Direct-mapped cache example:  access #3 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 0 18 150 
0 0 0 0 0 

Address = 4 = 01002 
 Tag = 0 
 Index = 10 
 Offset = 0 

Hits:  0 
Misses: 3 

Registers: 
$t0 = 29, $t1 = 18 



4/9/2014 Computer Architecture Lecture 7 29 

Direct-mapped cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 0 18 150 
0 0 0 0 0 

Address = 13 = 11012 
 Tag = 1 
 Index = 10 
 Offset = 1 

Hits:  0 
Misses: 3 

Registers: 
$t0 = 29, $t1 = 18 
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Direct-mapped cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 0 18 150 
0 0 0 0 0 

Address = 13 = 11012 
 Tag = 1 
 Index = 10 
 Offset = 1 

Hits:  0 
Misses: 4 

Registers: 
$t0 = 29, $t1 = 18 

Must write back 
dirty block 
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Direct-mapped cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 1 19 29 
0 0 0 0 0 

Address = 13 = 11012 
 Tag = 1 
 Index = 10 
 Offset = 1 

Hits:  0 
Misses: 4 

Registers: 
$t0 = 29, $t1 = 18 
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Direct-mapped cache example:  access #5 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 1 19 29 
0 0 0 0 0 

Address = 9 = 10012 
 Tag = 1 
 Index = 00 
 Offset = 1 

Hits:  0 
Misses: 4 

Registers: 
$t0 = 29, $t1 = 18 
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Direct-mapped cache example:  access #5 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 1 19 29 
0 0 0 0 0 

Address = 9 = 10012 
 Tag = 1 
 Index = 00 
 Offset = 1 

Hits:  1 
Misses: 4 

Registers: 
$t0 = 29, $t1 = 21 
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Additional examples 

 Given the final cache state above, determine 
the new cache state after the following three 
accesses: 
 lb $t1, 3($zero) 

 sb $t0, 2($zero) 

 lb $t0, 11($zero) 
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Direct-mapped cache example:  access #6 
Instructions: 

lb  $t1, 3($zero) 
sb  $t0, 2($zero) 

lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
0 0 0 0 0 
1 1 1 19 29 
0 0 0 0 0 

Address = 3 = 00112 
 Tag = 0 
 Index = 01 
 Offset = 1 

Hits:  1 
Misses: 4 

Registers: 
$t0 = 29, $t1 = 18 
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Direct-mapped cache example:  access #6 
Instructions: 

lb  $t1, 3($zero) 
sb  $t0, 2($zero) 

lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 0 0 120 123 
1 1 1 19 29 
0 0 0 0 0 

Address = 3 = 00112 
 Tag = 0 
 Index = 01 
 Offset = 1 

Hits:  1 
Misses: 5 

Registers: 
$t0 = 29, $t1 = 123 
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Direct-mapped cache example:  access #7 
Instructions: 

lb  $t1, 3($zero) 

sb  $t0, 2($zero) 
lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 0 0 120 123 
1 1 1 19 29 
0 0 0 0 0 

Address = 2 = 00102 
 Tag = 0 
 Index = 01 
 Offset = 0 

Hits:  1 
Misses: 5 

Registers: 
$t0 = 29, $t1 = 123 
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Direct-mapped cache example:  access #7 
Instructions: 

lb  $t1, 3($zero) 

sb  $t0, 2($zero) 
lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 1 0 29 123 
1 1 1 19 29 
0 0 0 0 0 

Address = 2 = 00102 
 Tag = 0 
 Index = 01 
 Offset = 0 

Hits:  2 
Misses: 5 

Registers: 
$t0 = 29, $t1 = 123 
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Direct-mapped cache example:  access #8 
Instructions: 

lb  $t1, 3($zero) 

sb  $t0, 2($zero) 

lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 1 0 29 123 
1 1 1 19 29 
0 0 0 0 0 

Address = 11 = 10112 
 Tag = 1 
 Index = 01 
 Offset = 1 

Hits:  2 
Misses: 5 

Registers: 
$t0 = 29, $t1 = 123 
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Direct-mapped cache example:  access #8 
Instructions: 

lb  $t1, 3($zero) 

sb  $t0, 2($zero) 

lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 29 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 1 0 29 123 
1 1 1 19 29 
0 0 0 0 0 

Address = 11 = 10112 
 Tag = 1 
 Index = 01 
 Offset = 1 

Hits:  2 
Misses: 5 

Registers: 
$t0 = 29, $t1 = 123 

Must write back 
dirty block 
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Direct-mapped cache example:  access #8 
Instructions: 

lb  $t1, 3($zero) 

sb  $t0, 2($zero) 

lb $t1, 11($zero) 

Memory 
0 78 

1 29 

2 29 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D Tag Data 
1 0 1 18 21 
1 0 1 33 28 
1 1 1 19 29 
0 0 0 0 0 

Address = 11 = 10112 
 Tag = 1 
 Index = 01 
 Offset = 1 

Hits:  2 
Misses: 6 

Registers: 
$t0 = 29, $t1 = 28 



Replacement policies: review 
 On cache miss, bring requested data into 

cache 
 If line contains valid data, that data is evicted 

 When we need to evict a line, what do we 
choose? 
 Easy choice for direct-mapped—only one 

possibility! 
 For set-associative or fully-associative, choose 

least recently used (LRU) line 
 Want to choose data that is least likely to be used next 
 Temporal locality suggests that’s the line that was 

accessed farthest in the past 
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LRU example 
 Given: 

 4-way set associative cache 
 Five blocks (A, B, C, D, E) that all map to the same 

set  
 In each sequence below, access to block E is a 

miss that causes another block to be evicted 
from the set.  

 If we use LRU replacement, which block is 
evicted? 
 A, B, C, D, E 
 A, B, C, D, B, C, A, D, A, C, D, B, A, E 
 A, B, C, D, C, B, A, C, A, C, B, E 
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LRU example solution 
 In each case, determine which of the four 

accessed blocks is least recently used 
 Note that you will frequently have to look at 

more than the last four accesses 
 A, B, C, D, E  evict A 
 A, B, C, D, B, C, A, D, A, C, D, B, A, E  evict C 
 A, B, C, D, C, B, A, C, A, C, B, E  evict D 
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Set associative cache example 
 Use similar setup to direct-mapped example 

 2-level hierarchy 
 16-byte memory 
 Cache organization 

 8 total bytes 
 2 bytes per block 
 Write-back cache 
 One change:  2-way set associative 

 Leads to the following address breakdown 
 Offset:  1 bit 
 Index:  1 bit 
 Tag:  2 bits 
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Set associative cache example (cont.) 

 Use same access sequence as before 
 

lb   $t0, 1($zero) 

lb   $t1, 8($zero) 

sb  $t1, 4($zero) 

sb   $t0, 13($zero) 

lb   $t1, 9($zero) 
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Set associative cache example:  initial state 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Cache 
V D MRU Tag Data 

Set 0 
0 0 0 00 0 0 
0 0 0 00 0 0 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 

Registers: 
$t0 = ?, $t1 = ? 

MRU = most  
recently used 
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Set associative cache example:  access #1 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = ?, $t1 = ? 

Address = 1 = 00012 
 Tag = 00 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 0 

Cache 
V D MRU Tag Data 

Set 0 
0 0 0 00 0 0 
0 0 0 00 0 0 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #1 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = ? 

Address = 1 = 00012 
 Tag = 00 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 1 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 00 78 29 
0 0 0 00 0 0 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 



4/9/2014 Computer Architecture Lecture 9 50 

Set associative cache example:  access #2 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 
9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = ? 

Address = 8 = 10002 
 Tag = 10 
 Index = 0 
 Offset = 0 

Hits:  0 
Misses: 1 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 00 78 29 
0 0 0 00 0 0 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 



4/9/2014 Computer Architecture Lecture 9 51 

Set associative cache example:  access #2 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 
9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 8 = 10002 
 Tag = 10 
 Index = 0 
 Offset = 0 

Hits:  0 
Misses: 2 

Cache 
V D MRU Tag Data 

Set 0 
1 0 0 00 78 29 
1 0 1 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #3 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 4 = 01002 
 Tag = 01 
 Index = 0 
 Offset = 0 

Hits:  0 
Misses: 2 

Cache 
V D MRU Tag Data 

Set 0 
1 0 0 00 78 29 
1 0 1 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #3 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 4 = 01002 
 Tag = 01 
 Index = 0 
 Offset = 0 

Hits:  0 
Misses: 2 

Cache 
V D MRU Tag Data 

Set 0 
1 0 0 00 78 29 
1 0 1 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 

Evict non-MRU block 
Not dirty, so no write back 
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Set associative cache example:  access #3 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 4 = 01002 
 Tag = 01 
 Index = 0 
 Offset = 0 

Hits:  0 
Misses: 3 

Cache 
V D MRU Tag Data 

Set 0 
1 1 1 01 18 150 
1 0 0 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 13 = 11012 
 Tag = 11 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 3 

Cache 
V D MRU Tag Data 

Set 0 
1 1 1 01 18 150 
1 0 0 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 13 = 11012 
 Tag = 11 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 3 

Cache 
V D MRU Tag Data 

Set 0 
1 1 1 01 18 150 
1 0 0 10 18 21 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 

Evict non-MRU block 
Not dirty, so no write back 
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Set associative cache example:  access #4 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 13 = 11012 
 Tag = 11 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 4 

Cache 
V D MRU Tag Data 

Set 0 
1 1 0 01 18 150 
1 1 1 11 19 29 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #5 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 71 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 9 = 10012 
 Tag = 10 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 4 

Cache 
V D MRU Tag Data 

Set 0 
1 1 0 01 18 150 
1 1 1 11 19 29 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #5 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 18 

Address = 9 = 10012 
 Tag = 10 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 4 

Cache 
V D MRU Tag Data 

Set 0 
1 1 0 01 18 150 
1 1 1 11 19 29 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 

Evict non-MRU block 
Dirty, so write back 
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Set associative cache example:  access #5 
Instructions: 

lb   $t0, 1($zero) 
lb   $t1, 8($zero) 
sb  $t1, 4($zero) 
sb   $t0, 13($zero) 
lb   $t1, 9($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 21 

Address = 9 = 10012 
 Tag = 10 
 Index = 0 
 Offset = 1 

Hits:  0 
Misses: 5 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Additional examples 

 Given the final cache state above, determine 
the new cache state after the following three 
accesses: 
 lb $t1, 3($zero) 

 lb $t0, 11($zero)  

 sb $t0, 2($zero) 
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Set associative cache example:  access #6 
Instructions: 

lb  $t1, 3($zero) 
lb $t0, 11($zero) 

sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 21 

Address = 3 = 00112 
 Tag = 00 
 Index = 1 
 Offset = 1 

Hits:  0 
Misses: 5 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
0 0 0 00 0 0 
0 0 0 00 0 0 
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Set associative cache example:  access #6 
Instructions: 

lb  $t1, 3($zero) 
lb $t0, 11($zero) 

sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 123 

Address = 3 = 00112 
 Tag = 00 
 Index = 1 
 Offset = 1 

Hits:  0 
Misses: 6 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
1 0 1 00 120 123 
0 0 0 00 0 0 
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Set associative cache example:  access #7 
Instructions: 

lb  $t1, 3($zero) 

lb $t0, 11($zero) 
sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 29, $t1 = 123 

Address = 11 = 10112 
 Tag = 10 
 Index = 1 
 Offset = 1 

Hits:  0 
Misses: 6 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
1 0 1 00 120 123 
0 0 0 00 0 0 
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Set associative cache example:  access #7 
Instructions: 

lb  $t1, 3($zero) 

lb $t0, 11($zero) 
sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 28, $t1 = 123 

Address = 11 = 10112 
 Tag = 10 
 Index = 1 
 Offset = 1 

Hits:  0 
Misses: 7 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
1 0 0 00 120 123 
1 0 1 10 33 28 
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Set associative cache example:  access #8 
Instructions: 

lb  $t1, 3($zero) 

lb $t0, 11($zero) 

sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 28, $t1 = 123 

Address = 2 = 00102 
 Tag = 00 
 Index = 1 
 Offset = 0 

Hits:  0 
Misses: 7 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
1 0 0 00 120 123 
1 0 1 10 33 28 
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Set associative cache example:  access #8 
Instructions: 

lb  $t1, 3($zero) 

lb $t0, 11($zero) 

sb  $t0, 2($zero) 

Memory 
0 78 

1 29 

2 120 

3 123 

4 18 

5 150 

6 162 

7 173 

8 18 

9 21 

10 33 

11 28 

12 19 

13 200 

14 210 

15 225 

Registers: 
$t0 = 28, $t1 = 123 

Address = 2 = 00102 
 Tag = 00 
 Index = 1 
 Offset = 0 

Hits:  1 
Misses: 7 

Cache 
V D MRU Tag Data 

Set 0 
1 0 1 10 18 21 
1 1 0 11 19 29 

Set 1 
1 1 1 00 28 123 
1 0 0 10 33 28 



Final notes 
 Next time 
 Virtual memory 
 Cache optimizations 

 Reminders 
 HW 5 due today 
 HW 6 to be posted; due 4/17 

4/9/2014 Computer Architecture Lecture 7 68 


	16.482 / 16.561�Computer Architecture and Design
	Lecture outline
	Review: TLP, multithreading
	Review: memory hierarchies
	Review: Cache operation & terminology
	4 Questions for Memory Hierarchy
	Q2: Block identification
	Address breakdown
	Address breakdown example
	Solution
	Mapping memory to cache
	Mapping memory example
	Solution
	Q3: Block replacement
	Direct-mapped cache example
	Direct-mapped example (cont.)
	Direct-mapped cache example:  initial state
	Direct-mapped cache example:  access #1
	Direct-mapped cache example:  access #1
	Direct-mapped cache example:  access #2
	Direct-mapped cache example:  access #2
	Direct-mapped cache example:  access #3
	Q4: What happens on a write?
	Write policy example
	Write policy example (cont.)
	Write policy example (cont.)
	Write Buffers for Write-Through Caches
	Direct-mapped cache example:  access #3
	Direct-mapped cache example:  access #4
	Direct-mapped cache example:  access #4
	Direct-mapped cache example:  access #4
	Direct-mapped cache example:  access #5
	Direct-mapped cache example:  access #5
	Additional examples
	Direct-mapped cache example:  access #6
	Direct-mapped cache example:  access #6
	Direct-mapped cache example:  access #7
	Direct-mapped cache example:  access #7
	Direct-mapped cache example:  access #8
	Direct-mapped cache example:  access #8
	Direct-mapped cache example:  access #8
	Replacement policies: review
	LRU example
	LRU example solution
	Set associative cache example
	Set associative cache example (cont.)
	Set associative cache example:  initial state
	Set associative cache example:  access #1
	Set associative cache example:  access #1
	Set associative cache example:  access #2
	Set associative cache example:  access #2
	Set associative cache example:  access #3
	Set associative cache example:  access #3
	Set associative cache example:  access #3
	Set associative cache example:  access #4
	Set associative cache example:  access #4
	Set associative cache example:  access #4
	Set associative cache example:  access #5
	Set associative cache example:  access #5
	Set associative cache example:  access #5
	Additional examples
	Set associative cache example:  access #6
	Set associative cache example:  access #6
	Set associative cache example:  access #7
	Set associative cache example:  access #7
	Set associative cache example:  access #8
	Set associative cache example:  access #8
	Final notes


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


