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Simulation

Your simulatorTraces

Hit count
Miss count
Write back count
…



Trace File Format

[Op] [Byte-offset] 

• Separated by a space

• Op is either “R” or “W”

• 64-bit byte offset in hex

• Convert the byte offset into 
page number
• Cache unit = page size = 4KB

• Total references = 49228943

Memory traces of InceptionV3, 
an DNN running on TensorFlow 

for image recognition 



Page Replacement(LRU)

• Example: Frame #=2

4001  (miss)

4001 (hit)

4000 (miss)

4002 (miss)

4000 (hit)

4001

4001

MRULRU

4001

40004001

40024000

40004002



Reference Design for LRU

A

Lookup
(e.g., hash 

table)

Victim page

LRUMRU

Page #=A



Clean-First LRU (CFLRU)

• Like the enhanced second chance algorithm, CFLRU favors clean 
pages to reduce I/O-write overhead

• Dividing the LRU list into a working region and a clean-first region

• If the working region is full, migrate an LRU page (P4 here) to the 
clean-first region

• On replacement, from the clean-first region
1. Select the LRU clean page (P7 here)
2. If no clean page, select the LRU (dirty) page



Clean-First LRU (CFLRU)

• Based on your LRU implementation
• Set the clean-first region size to ¼  of total size

• E.g., cache size=4096 pages → working region size = 3072 
pages

• Details
• The write back count ++ only when a dirty page is evicted

• A write-generated new page is a dirty one

• Two design issues
1. How do you control the clean-first region size?

2. How do you efficiently find a clean page in the clean-first 
region? (don’t do linear search)



A Reference Design 

LRUMRU

LRUMRU
Clean First Region

Working Region
Re-reference

Re-reference Migration

Find a victim



Page Cache Operations

• Page lookup in LRU/CFLRU

• Find a victim in the clean-first region for CFLRU

• Do not use linear search!!! 
• You will receive a grade penalty if you do 

• Implement your own search, or reuse any existing 
libraries/classes for searching 

• Duplication in this part does not count

• Note: do not use STL map/unordered map, too slow



Procedure
1. Read the trace file and load parsed information into a memory buffer 

2. Algorithm=LRU

3. For (frame # = 4096, 8192, 16384, 32768 and 65536) do
• Run simulation
• Print out page hit count, miss count, page fault ratio, and page write count

4. Print out the total elapsed time of Step 3

5. Algorithm=CFLRU

6. For (frame # = 4096, 8192, 16384, 32768 and 65536) do
• Run simulation
• Print out page hit count, miss count, page fault ratio, and page write count

7. Print out the total elapsed time of Step 6



LRU policy: (\n)
Frame (\t) Hit (\t\t) Miss (\t\t) Page fault ratio  (\t)   Write back count(\n)
4096 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
8192 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
16384 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d                         (\n)
32768 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
65536 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
Total elapsed time %.6f sec(\n) (\n)

CFLRU policy: (\n)
Frame (\t) Hit (\t\t) Miss (\t\t) Page fault ratio  (\t)   Write back count(\n)
4096 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
8192 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
16384 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d                         (\n)
32768 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
65536 (\t) %d (\t) %d (\t\t) %.10f                  (\t\t) %d (\n)
Total elapsed time %.6f sec(\n) (\n)

Output Format



Output Example

Your results must be exactly the same as shown here (except time)
Hit: requested page is in the cache; miss: otherwise.
Fault ratio = miss # / total reference #
Write back count = how many dirty pages have been evicted (and requiring write-back)



Performance Reference

• 12th Gen Intel(R) Core(TM) i7-12700K
• 12 seconds for LRU

• 26 seconds for CFLRU

• InceptionV3

• Use this to convert your execution time based on 
the relative CPU performance (single thread)

• If your execution time is way too long, you will 
receive a score penalty

https://www.cpubenchmark.net/singleCompare.php


Correctness

• Except the elapsed time, your results should be exactly 
the same as in the output example

• The TAs will prepare another workload to validate your 
implementation

• LRU 60% CFLRU 40%

• Once again, do not use linear search in anywhere of 
your program. Your program will definitely run too slow 
and you will receive a score penalty

• Tip: Do not use map/unordered_map from STL as they 
are poorly implemented and very slow



More details

• Total request #: <= 10^8 references

• Byte offset: 64 bits

• The path+file name of the trace file is an argument 
of your program (see the screen shot), do not hard-
coding the pathname of the trace file

• You can read the trace file into a memory buffer for 
fast reuse

• Use gettimeofday() to get the total elapsed time



Header of your .c or .cpp

/*

Student No.: <your student id>

Student Name: <your name>

Email: <your email>

SE tag: xnxcxtxuxoxsx

Statement: I am fully aware that this program is not 
supposed to be posted to a public server, such as a 
public GitHub repository or a public web page.

*/



Testing OS Environment

• Ubuntu 22.04

• Install as a VM or on a physical machine



Credits 

•呂柏勳許登豪 helped design this project

• Direct all questions to the current TAs


