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1 Cache Data structure

1.1 Cache Directory Structure

The data structure implemented for cache directory is a 2D dynamically allocated struct

array. The struct is a three integer struct that contains the tag, valid and dirty information

for one single cache line. The number of rows in the array is defined by the number of cache

lines in every associative set. The number of columns is defined by the number of associative

set. Valid and Dirty value are initialized to be 0 and tag value initialized to -1.

1.2 LRU Stack

The implementation of LRU stack is built on top of another 2D array. The number of row

and column of the 2D array is also defined by the number of cache lines in every set and

the set number respectively. Every row of LRU is a stack, with value in index 0 to be the

least recently used memory index in cache and value stored in right most location to be the

most recently used.

When updating the LRU (no write back) with index i in cache. The program would

traverse the LRU stack at the corresponding line, find index i, shift the array and place

index i in the rightmost spot. When a write back action is required, the LRU stack would

return value stored at index 0 to its caller, stating that the memory located at this value

location is the least recently used. The LRU stack would then shift leftwards by one position

and place the returned value at most recently used spot.

2 Cache Configuration Plots

2.1 Miss rate vs Line Size

Line size from 32 byte to 512 byte, fixed associativity of 4. See Figure 1, 2, 3 and 4, at the

end of docuemnt.

2.2 Miss Rates under Best Configuration

The assignment asks to compute the miss rates using the best overall configuration that

minimizes the sum of the overall miss rate across all traces. Overall miss rate is

calculated by 1�⌃HitsTraces \⌃Accesstraces. The resulting configuration is Way count =

8, Block Size = 512. The computation of miss rates can be seen in Table 1. trace.stream1M

and trace.random64k has N/A values for Write miss since it only contains read instructions

and no write.

Trace Name Overall Miss Read Miss Write Miss

trace.stream1M 0.7812% 0.7812% N/A

trace.random64k 50.0915% 50.0915% N/A

trace.merge 0.1976% 0.2102% 0.1247%

trace.bubble 0.1845% 0.1926% 0.1145%

Table 1: Overall, write & read miss rate for all traces with minimum overall sum miss rate.
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2.3 Writeback Tra�c

The configuration is the same as 2.2. trace.stream1M and trace.random64k have 0 writeback

tra�c since there’s no write instruction that invoke these actions.

Trace Name Writeback Tra�c

trace.stream1M 0

trace.random64k 0

trace.merge 1744896

trace.bubble 1166336

Table 2: Write back tra�c for all traces in bytes.

2.4 Total Memory Access Volume

Minimum sum memory access is Way count = 8, Block size = 32 byte.

Trace Name Memory Access Memory Referenced Amount saved

trace.stream1M 1048576 8388608 7340032

trace.random64k 4203680 8388608 4184928

trace.merge 1296320 245709760 244413440

trace.bubble 718208 202314976 201596768

Table 3: Memory accessed and referenced for all traces in bytes

Compared to total referenced memory, using cache greatly saved the number of memory

access count and reduces the time for instructions. The lower the miss rate, the higher the

amount of memory saved from accessing the memory by having the cache.
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3 Plot for Miss rates and Data Calculation of Best Con-
figuration

Figure 1: Miss rate vs Line size for trace.bubble test case

Figure 2: Miss rate vs Line size for trace.merge test case
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Figure 3: Miss rate vs Line size for trace.random64k test case

Figure 4: Miss rate vs Line size for trace.stream1M test case
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Table for Question 1

Block Size Cache Size Ways Count Access Count Read Access Write Access Total Hits Read Hits Write Hits Writeback traffic Total Access Volume Miss rate, in percentage

trace.bubble 32 64000 4 6322343 5666010 656333 6298650 5649037 649613 245152 758176 0.374750310130278%

trace.bubble 64 64000 4 6322343 5666010 656333 6306191 5653394 652797 303936 1033728 0.255474908590059%

trace.bubble 128 64000 4 6322343 5666010 656333 6309218 5654842 654376 423424 1680000 0.207597088610978%

trace.bubble 256 64000 4 6322343 5666010 656333 6310655 5655486 655169 653312 2992128 0.184868173080766%

trace.bubble 512 64000 4 6322343 5666010 656333 6310020 5654467 655553 1213440 6309376 0.194911917939278%

trace.merge 32 64000 4 7678430 6544752 1133678 7636301 6516507 1119794 554368 1348128 0.548666849863844%

trace.merge 64 64000 4 7678430 6544752 1133678 7652035 6525615 1126420 630080 1689280 0.343755168699855%

trace.merge 128 64000 4 7678430 6544752 1133678 7659065 6529331 1129734 779264 2478720 0.252199994009195%

trace.merge 256 64000 4 7678430 6544752 1133678 7662567 6531124 1131443 1063424 4060928 0.206591712107818%

trace.merge 512 64000 4 7678430 6544752 1133678 7662804 6530502 1132302 1773568 8000512 0.203505143629623%

trace.random64k 32 64000 4 262144 262144 0 130870 130870 0 0 4200768 50.0770568847656%

trace.random64k 64 64000 4 262144 262144 0 130659 130659 0 0 8415040 50.1575469970703%

trace.random64k 128 64000 4 262144 262144 0 130980 130980 0 0 16788992 50.0350952148438%

trace.random64k 256 64000 4 262144 262144 0 131055 131055 0 0 33558784 50.0064849853516%

trace.random64k 512 64000 4 262144 262144 0 130692 130692 0 0 67303424 50.1449584960938%

trace.stream1M 32 64000 4 262144 262144 0 229376 229376 0 0 1048576 12.5%

trace.stream1M 64 64000 4 262144 262144 0 245760 245760 0 0 1048576 6.25%

trace.stream1M 128 64000 4 262144 262144 0 253952 253952 0 0 1048576 3.125%

trace.stream1M 256 64000 4 262144 262144 0 258048 258048 0 0 1048576 1.5625%

trace.stream1M 512 64000 4 262144 262144 0 260096 260096 0 0 1048576 0.78125%
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