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Trans. Access Needs Needs
per bit  time refresh? EDC? Cost Applications

SRAM 4 or 6 1X No Maybe 100xCache memories

DRAM 1 10X Yes Yes 1X Main memories,
frame buffers
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sum = 0;
for (i = 0; i < n; i++)

sum += a[i];
return sum;
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int sum_array_rows(int a[M][N])
{
    int i, j, sum = 0;

    for (i = 0; i < M; i++)
        for (j = 0; j < N; j++)
            sum += a[i][j];
    return sum;
}
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int sum_array_cols(int a[M][N])
{
    int i, j, sum = 0;

    for (j = 0; j < N; j++)
        for (i = 0; i < M; i++)
            sum += a[i][j];
    return sum;
}
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int sum_array_3d(int a[M][N][N])
{
    int i, j, k, sum = 0;

    for (i = 0; i < N; i++)
        for (j = 0; j < N; j++)
            for (k = 0; k < M; k++)
                sum += a[k][i][j];
    return sum;
}
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: supercell (i,j)

64 MB  
memory module
consisting of
eight 8Mx8 DRAMs

addr (row = i, col = j)

Memory
controller

DRAM 7

DRAM 0

031 78151623243263 394047485556

64-bit word main memory address A

bits
0-7

bits
8-15

bits
16-23

bits
24-31

bits
32-39

bits
40-47

bits
48-55

bits
56-63

64-bit word

031 78151623243263 394047485556
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Metric 1985 1990 1995 2000 2005 2010 2015
2015:1985

$/MB 880 100 30 1 0.1 0.06 0.02 44,000
access (ns) 200 100 70 60 50 40 20 10
typical size (MB) 0.256 4 16 64 2,000 8,000 16.000 62,500

DRAM

SRAM

Metric 1985 1990 1995 2000 2005 2010 2015
2015:1985

$/GB 100,000 8,000 300 10 5 0.3 0.03 3,333,333
access (ms) 75 28 10 8 5 3 3 25
typical size (GB) 0.01 0.16 1 20 160 1,500 3,000 300,000

Disk

Metric 1985 1990 1995 2000 2005 2010 2015
2015:1985

$/MB 2,900 320 256 100 75 60 320 116
access (ns) 150 35 15 3 2 1.5 200 115
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1985 1990 1995 2003 2005 2010 2015 2015:1985

CPU  80286 80386 Pentium P-4 Core 2 Core i7(n) Core i7(h)

Clock 
rate (MHz) 6 20 150 3,300 2,000 2,500 3,000 500

Cycle 
time (ns) 166 50 6 0.30 0.50 0.4 0.33 500

Cores  1  1 1 1 2 4 4 4

Effective
cycle 166 50 6 0.30 0.25 0.10 0.08 2,075
time (ns)


