1CS/ECE 347, Spring 1998Lab Assignment 1:Trace-Driven Cache SimulationSOLUTIONSPart I: Exploring Associativity and Block Size1.1) See the following pages for tables and graphs.1.2) Small blocks mean shorter sequences of consecutive locations are situated in a block, so thatthe compulsory misses (associated with the access to the first byte in a block) dominate andresult in a high miss rate. Increased block sizes reduce that effect and make increased use ofspatial locality, which leads to a decrease in the miss rate. However, increased block sizes reducethe number of blocks in the cache, which means increased conflict misses, so that the miss rateincreases. Hence, the miss rate is nonmonotonic with the block size.1.3) Benchmark tex has the lowest miss rates for all block sizes and all associativity values.This can be explained with the fact that a wordprocessing program is manipulating strings ofcharacters, so that it is repeatedly accessing sequential memory locations, therefore making gooduse of both temporal and spatial locality.Benchmark cc1 has the highest miss rate. As a compiler, it scans through the instructions, thatare being compiled, in the order of their execution and following branches and jumps to theirdestinations. Because of the high frequency of jumps and branches (these occur approximatelyevery 5th instruction), cc1 is unable to make good use of spatial and temporal locality.Finally, spice has a miss rate between the above two benchmarks. It processes data in matrices,which implies good use of spatial locality, i.e., there will be a miss only on the access to the firstbyte in a block.1.4) Increasing the associativity reduces the conflict misses, as two addresses that will map to thesame location in a direct-mapped cache will now be accommodated simultaneously within thesame set in a set associative cache. This results in a decrease in the miss rate.

2cc1.100k Miss Rates00.050.10.150.20.250.30.3548163264128256block size (bytes) miss rate assoc 1 assoc 2 assoc 4cc1.100kblock size (bytes)48163264128256assoc 10.31670.19790.1340.09850.08150.08060.0906assoc 20.24340.15050.10230.07440.06040.05460.0549assoc 40.22810.13940.0930.06690.05360.04940.0491Block size of 256 bytes and associativity of 4 minimize the aggregate miss rate for cc1.

3spice.100k miss rates00.020.040.060.080.10.120.1448163264128256block size (bytes) miss rate assoc 1 assoc 2 assoc 4spice.100kblock size (bytes)48163264128256assoc 10.12150.08030.05720.04440.04540.04260.0506assoc 20.08430.05250.03470.02430.01970.0170.0173assoc 40.06940.0410.02630.01640.01240.00990.0127Block size of 128 bytes and associativity of 4 minimize the aggregate miss rate for spice.

4tex.100k Miss Rates00.0050.010.0150.020.0250.0348163264128256block size (bytes) miss rate assoc 1 assoc 2 assoc 4tex.100kblock size (bytes)48163264128256assoc 10.01930.010.00580.00410.00390.02410.0278assoc 20.01880.00950.00490.00270.00180.00260.0046assoc 40.01880.00950.00480.00250.00130.00070.0004Block size of 256 bytes and associativity of 4 minimize the aggregate miss rate for tex.

5Aggregate Miss Rates00.020.040.060.080.10.120.140.1648163264128256block size (bytes) miss rate assoc 1 assoc 2 assoc 4Aggregate miss ratesblock size (bytes)48163264128256assoc 10.15250.0960670.0656670.0490.04360.04910.056333assoc 20.11550.0708330.04730.03380.02730.0247330.0256assoc 40.1054330.06330.0413670.02860.0224330.020.020733Block size of 128 bytes and associativity of 4 minimize the aggregate miss rate for the three benchmarks.

6Part II: Exploring Cache Size and Splitting2.1)

2048409681921638432768

00.020.040.060.080.10.120.140.160.18

Miss RateInstruction Cache Size (Bytes)Data Cache Size ( B y t e s )Miss Rate for a Split Cache: cccc1.100k Miss RatesData Cache Size (K)2481632Unified CacheInstruction20.1760.15430.1470.14170.13924K0.16Cache40.1460.12430.1170.11170.10928K0.134Size80.12980.10810.10080.09550.09316K0.0893(K)160.09740.07570.06840.06310.060632K0.0637320.08590.06420.05690.05160.049164K0.0499

72048409681921638432768

2048409681921638432768

00.010.020.030.040.050.06

Miss RateInstruction Cache Size (Bytes)Data Cache Size ( B y t e s )Miss Rate for a Split Cache: spicespice.100k Miss RatesData Cache Size (K)2481632Unified CacheInstruction20.05510.05210.05030.0490.04884K0.0779Cache40.04260.03960.03770.03650.03628K0.0572Size80.02930.02630.02440.02320.022916K0.0225(K)160.02230.01920.01740.01610.015932K0.0131320.01790.01490.01310.01180.011664K0.012

82048409681921638432768

2048409681921638432768

00.0010.0020.0030.0040.0050.0060.007

Miss RateInstruction Cache Size (Bytes)Data Cache Size ( B y t e s )Miss Rate for a Split Cache: textex.100k Miss RatesData Cache Size (K)2481632Unified CacheInstruction20.00690.00590.00570.00510.00484K0.0277Cache40.00690.00590.00570.00510.00488K0.0058Size80.00690.00590.00570.00510.004816K0.0052(K)160.00690.00590.00570.00510.004832K0.0048320.00690.00590.00570.00510.004864K0.0048

92048409681921638432768

2048409681921638432768

00.010.020.030.040.050.060.070.08

Miss RateInstruction Cache Size (Bytes)Data Cache Size ( B y t e s )Aggregate Miss Rate for a Split Cacheaggregate.100k Miss RatesData Cache Size (K)2481632Unified CacheInstruction20.0793330.0707670.0676670.0652670.0642674K0.088533Cache40.0651670.05660.0534670.05110.0500678K0.065667Size80.0553330.0467670.0436330.0412670.04023316K0.039(K)160.04220.03360.03050.02810.027132K0.0272320.03690.0283330.0252330.0228330.02183364K0.022233Clearly, the more you have of either data or instruction cache, the better off you are.For benchmarks cc1 and spice, a larger instruction cache is more beneficial to lowering themiss rate than is a larger data cache. This suggests that either there are more instruction accessesthan data accesses in these programs, or that the instructions accessed are from such locationsthat they result in a higher number of conflict misses in the small direct mapped instructioncaches than in the larger (also direct mapped) instruction caches. As far as tex is concerned, itsmiss rate is constant with increasing the size of the instruction cache, which means that the 2KBof the smallest instruction cache are sufficient to hold all the instructions. The identical behavior

10of cc1 and spice, and their higher miss rates compared to tex, dominate in determining theaggregate miss rate, which is similarly influenced more by an increase of the instruction cache sizethan by an increase of the data cache size.An uneven split will make sense if a program accesses more distinct data locations thaninstructions (as is the case with benchmark tex) or vice versa.2.2) A unified cache will be a win over a split cache if instructions and data will not mapsimultaneously to the same cache locations. In such cases, it has the potential of more flexiblyallocating the cache space, conditional on the needs of each program.For all 3 benchmarks, and hence for the aggregate workload, the miss rate of the unified cache islower than or the same (within 0.1%) as that of the split cache of equal total size, for total cachesizes of 16K, 32K, and 64K. The reverse holds true for most of the smaller cache sizes, as theninstructions and data conflict more often for the few locations in the unified cache.Part III: Cost-Based Optimization3.1)Cost = (# of sets) * [(# of blocks per set)*(Total # of bits per block) + (LRU bits per set)]Cost = S*[E*(8*B + t + 2) + E*(E-1)]Cost = S*E*(8*B + t + E + 1)On the other hand, the address is split into t bits of tag, log2S bits of a set index, and log2B bits ofa byte index withing the selected block, so that given 32 address bits, the number of tag bits t canbe determined from:t = (TotalNumberOfAddressBits) - log2S - log2B = 32 - log2S - log2B3.2)1.1) Cost of cache (bits)block size (bytes)481632641282561108544870407628870912682246688066208E21126408908877312714246848067008662724118784921607884872192688646720066368

112.1) Cost of cache (bits): E=1, B=16Data Cache Size (bytes)2048409681921638432768Instruction2048386565772895616170880320384Cache40965772876800114688189952339456Size819295616114688152576227840377344(bytes)16384170880189952227840303104452608327683203843394563773444526086021122.2) Cost of unified cache (bits): E=1, B=16Unified Cache Size (bytes)4096819216384327686553638400762881515523010565980163.3)The 250Kbit limit does not allow a 32KB unified cache, so that the best configuration is a splitcache with 16KB for data and 8KB for instructions, or vice versa.The optimum configurations are as follows:BenchmarkInstructionCache (KB)Data Cache(KB)AssociativityBlock size(bytes)Miss ratecc1.100k816322561.997%tex.100k816420480.013%spice.100k81685120.242%aggregate816322560.795%The cc1 cache performance is so much poorer than the rest that it becomes the dominatingconsideration in the aggregate performance.