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Parity check matrix in GF(22)
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FIGURE 30.12: Locating a single bit and 2-adjacent bit errors in a 64-bit word.

 detecting adjacent two-bit errors, and only if they 
start at an even-bit address, is a notable drawback. 
This is the nature of the algorithm, as it is a binary 
representation of GF(22). For example, a two-bit error 
in bit positions 32 and 33 is, in reality, a single symbol 
error in GF(22). Consequently, 2-adjacent ECC can-
not properly locate a 2-adjacent bit error that occurs 
across symbol boundaries (e.g., errors in bit positions 
31 and 32), and it cannot locate 2 non-adjacent bit 
errors with arbitrary bit addresses. 

For the cases of DRAM device failures, chipkill 
memory is a concept pioneered and promoted 
by IBM. The basic idea for chipkill memory is to 
design the memory system in such a manner as to 
tolerate the complete failure of a DRAM device and 
continue to provide valid data for each request. In 

Compaq’s Advanced ECC algorithm, to provide this 
level of reliability, the 2-adjacent ECC algorithm is 
used in combination with bit steering: the data bits 
of a single DRAM device are “steered” to two dif-
ferent ECC words to provide two-bit error correc-
tion and device failure protection for !4 devices. 
Figure 30.13 illustrates: the data bus output of 
each !4 device is divided3 into 2-bit-wide groups 
sent to two separate 72-bit-wide ECC code words. 
Physically adjacent data bits from the same DRAM 
device are routed to different ECC words. In the case 
where a single DRAM device suffers a catastrophic 
failure, multiple ECC words in the same system 
will sustain, at most, one or two bits of error, and 
such errors can be corrected by the 2-adjacent ECC 
 algorithm.

3Note that the bit steering concept is superfi cially incompatible with the use of source-synchronous reference strobes. 
In modern DRAM memory systems such as DDR SDRAM, source-synchronous strobes are sent along with small groups 
of data signals. In the case where the data bits are steered to different locations, the timing of the data signals cannot be 
synchronized with respect to the source-synchronous strobe and still retain the matching load and topology between each 
of the data signals and the data strobe signal. However, the data strobe signals are only needed for data transport between 
different chips on the system board. Therefore, one solution is to steer the data to different ECC words only after the data 
has been received by the memory controller. That is, bit steering occurs in datapaths located inside of the memory con-
troller rather than on the system board.
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The move from !4 
to !8, !16, and !32 
DRAM devices means 
that in case of the failure 
of a DRAM device, or the 
failure of a single con-
nection to the address, 
command, or control bus 
of the DRAM device, the 
wide multi-errors would 
be more diffi cult to con-
tain. In such a case, 8, 16, 
or 32 bits of data would 

fail concurrently, and this is a non-trivial problem 
to solve. Note that Compaq’s Advanced ECC algo-
rithm provides chipkill functionality for the failure 
of 4-bit DRAM devices in a memory system with a 
144-bit data bus. Using the same algorithm with x8 
parts would require a 288-bit bus and so forth for 
systems with even wider DRAM devices. 

30.3.6 Chipkill with !8 DRAM Devices
High-end computer servers that make use of DDR 

and DDR2 SDRAM memory systems have more-or-
less standardized on the use of !4 DRAM devices 
to obtain the maximum capacity in each rank of 
 memory, largely because !4 chipkill algorithms such 
as the one just described easily contain the most 
single point failures in the memory system. However, 
due to the dynamics of the commodity DRAM mar-
ket, a price premium is now attached to !4 devices 
relative to !8 devices of the same capacity. More-
over, this price premium is projected to grow larger 
as the price delta forces memory system architects 
and design engineers to use the less expensive !8 
devices; consequently, memory system architects 
are actively exploring new ECC algorithms that work 
with !8 devices.

In his b-adjacent error correction paper, Bossen 
notes that a class of error-correction mechanisms 
can be implemented from the generic b-adjacent 

144b data bus

4 bit wide DRAM

x4 x4

72b ECC word

x4 x4

72b ECC word

FIGURE 30.13: Bit steering 
in Compaq’s Advanced ECC.

TABLE 30.3 Error location table for the 2-adjacent error correction algorithm, taken from US Patent #5,490,155 
(Compaq’s Advanced ECC implementation)

S7: 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
S6: 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

s s s s s5: 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
3 2 1 0 s4: 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
0 0 0 0 C4 C5 C6 5 3 1 C7 0 4 2 2,3 0.1 4,5
0 0 0 1 C0 51 49 47 63 33 61 28 59 30,31
0 0 1 0 C1 46 50 48 58 31 62 32 60 28,29
0 0 1 1 48,49 46,47 50,51 60,61 29 58,59 62,63 32,33
0 1 0 0 C2 57 52 54,55 11 35 9 19 7 17
0 1 0 1 45 39 23 21 37
0 1 1 0 43 24 12,13
0 1 1 1 41 14 26,27
1 0 0 0 C3 55 56 52,53 6 16 10 34 8 18
1 0 0 1 40 27 14,15
1 0 1 0 44 20 38 22 36
1 0 1 1 42 24,25
1 1 0 0 53 54 56,57 8,9 18,19 6,7 16,17 10,11 34,35
1 1 0 1 42,43 25 12
1 1 1 0 40,41 15 26
1 1 1 1 44,45 22,23 20,21 38,39 36,37
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that in case of the failure 
of a DRAM device, or the 
failure of a single con-
nection to the address, 
command, or control bus 
of the DRAM device, the 
wide multi-errors would 
be more diffi cult to con-
tain. In such a case, 8, 16, 
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to solve. Note that Compaq’s Advanced ECC algo-
rithm provides chipkill functionality for the failure 
of 4-bit DRAM devices in a memory system with a 
144-bit data bus. Using the same algorithm with x8 
parts would require a 288-bit bus and so forth for 
systems with even wider DRAM devices. 

30.3.6 Chipkill with !8 DRAM Devices
High-end computer servers that make use of DDR 

and DDR2 SDRAM memory systems have more-or-
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to obtain the maximum capacity in each rank of 
 memory, largely because !4 chipkill algorithms such 
as the one just described easily contain the most 
single point failures in the memory system. However, 
due to the dynamics of the commodity DRAM mar-
ket, a price premium is now attached to !4 devices 
relative to !8 devices of the same capacity. More-
over, this price premium is projected to grow larger 
as the price delta forces memory system architects 
and design engineers to use the less expensive !8 
devices; consequently, memory system architects 
are actively exploring new ECC algorithms that work 
with !8 devices.
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can be implemented from the generic b-adjacent 
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FIGURE 30.13: Bit steering 
in Compaq’s Advanced ECC.

TABLE 30.3 Error location table for the 2-adjacent error correction algorithm, taken from US Patent #5,490,155 
(Compaq’s Advanced ECC implementation)
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S6: 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

s s s s s5: 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
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0 0 0 0 C4 C5 C6 5 3 1 C7 0 4 2 2,3 0.1 4,5
0 0 0 1 C0 51 49 47 63 33 61 28 59 30,31
0 0 1 0 C1 46 50 48 58 31 62 32 60 28,29
0 0 1 1 48,49 46,47 50,51 60,61 29 58,59 62,63 32,33
0 1 0 0 C2 57 52 54,55 11 35 9 19 7 17
0 1 0 1 45 39 23 21 37
0 1 1 0 43 24 12,13
0 1 1 1 41 14 26,27
1 0 0 0 C3 55 56 52,53 6 16 10 34 8 18
1 0 0 1 40 27 14,15
1 0 1 0 44 20 38 22 36
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