












































































































































































































































































































































































































































































































































































































































































































































































































These techniques apply to error-control systems employing very complex codes as 
well as those employing simple codes. They apply to the interleaved Reed-Solomon code 
as well as the Fire code. 

6.2 HOST SOFIW ARE DIAGNOSTICS 

Host testing of error-correction functions can be accomplished by implementing at 
the host software level either of the diagnostic approaches discussed in Section 6.1. 

If the controller corrects data before it is transferred to the host, the host diag­
nostic software must check that the simulated error condition is corrected in the test 
record. The entire test record must be checked to verify that the error is corrected 
and that correct data is not altered. Alternatively, the controller could have a diagnos­
tic status or sense command that transfers error pattem(s) and displacement(s) to the 
host for checking. However, this is not as protective as checking corrected data. 

6.3 VERIFYING AN ECC IMPLEMENTATION 

Error-correction implementations should be carefully verified to avoid incorrect 
operation and the transfer of undetected erroneous data under subtle circumstances. 
This verification should be performed at the host software level using host level diag­
nostic commands. 

FORCING CORRECJ'ABLE ERROR CONDITIONS 

Use the "read long" command to read a known error free data record and its 
check bytes. XOR into this record a simulated error condition that is guaranteed to be 
correctable. Write the data record plus check bytes back to the storage device using 
the "write long" command. 

Read back the record just written using the normal read command. Verify that 
the controller corrected the simulated error condition. Repeat, using many random 
guaranteed-correctable error conditions. 

Some nonrandom error conditions should be forced as well. Select a set of error 
conditions that is known to test all paths of the error-correction implementation. 
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FORCING DETECI'ABLE ERROR CONDITIONS 

Repeat the test defined under FORCING CORRECTABLE ERROR CONDITIONS, 
except use simulated error conditions that exceed guaranteed correction capability but 
not guaranteed detection capability. An uncorrectable error should be detected for each 
simulated error condition. 

FORCING ERRORS THAT EXCEED DETECI'ION CAPABILITY 

Repeat the test defined under FORCING CORRECTABLE ERROR CONDITIONS, 
except use simulated error conditions that far exceed both the guaranteed correction 
and guaranteed detection capabilities. Count the number of correctable and uncorrec­
table errors reported by the error-correction implementation. The ratio of counts 
should be approximately equal to the miscorrection probability of the code. Repeat for 
error conditions known to have a higher miscorrection probability. 

6.4 ERROR LOGGING 

For implementations where the data is actually corrected by the controller, it may 
be desirable to include an error-logging capability within the controller. A minimum er­
ror-logging capability would count the errors recovered by reread and the errors recov­
ered by error correction. Logging requires the controller to have a method of signaling 
the host when the counters overflow and a command for offloading counts to the host. 

A more sophisticated error log would also store information useful for: 

- Reassigning areas of media for repeated errors. 

- Retiring media when the number of reassignments exceeds a threshold. 

- Isolation of devices writing marginal media. This may require that the physi-
cal address of the writing device be part of each record written. 

- Hardware failure isolation. 

It may be desirable to reserve space fot error logging on each storage device. 
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6.5 SELF-CHECKING 

HARDWARE SELF-CHECKING 

Hardware self-checking can limit the amount of undetected erroneous data trans­
ferred when error-correction circuits fail. 

Self-checking should be added to the design if the probability of error-correction 
circuit failure contributes significantly to the probability of transferring undetected 
erroneous data. One self-checking method duplicates the error-correction circuits and, 
on read, verifies that the error latches for both circuits agree. No circuits from the 
two sets of error-correction hardware share the same Ie package. This concept can be 
extended by having separate sources and/or paths for clocks, power, and ground. 

Another self-checking method is called parity predict. It is used for the 
self-checking of shift registers that are part of an error-correction implementation. On 
each clock, new parity for each shift register is predicted. The actual parity of each 
shift register is continuously monitored and at each clock, is compared to the predicted 
parity. If a difference is found, a hardware check flag is set. 

The diagrams below define when parity is predicted to change for four shift-regis­
ter configurations. 

DIVIDE BY g(x). ODD NUMBER OF FEEDBACKS 

~_....L--l ~l Hb 
DATA r 

The parity of the shift register will flip each time the data bit is '1'. 

DIVIDE BY g(r). EVEN NUMBER OF FEEDBACKS 

~r--------'---,l Hb 
DATA r 

The parity of the shift register will flip if a '1' is shifted out of the shift regis­
ter, or (exclusive) if the data bit is '1'. 
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MULTIPLY BY:xl1!AND DIVIDE BY glI). ODD # OF FEEDBACKS 

DATA .&"----L--l -L--I ;J 
The parity of the shift register will flip if the data bit is '1'. 

MULTIPLY BY:xl1!AND DIVIDE BY g(x). EVEN # OF FEEDBACKS 

The parity of the shift register will flip if a '1' is shifted out of the shift regis-
ter. 

An m-bit shift register circuit using parity predict for self-checking is shown on 
the following page. An odd number of feedbacks and premultiplication by xm is as­
sumed. It is also assumed that the feedbacks are disabled during write check-bit time 
but not during read check-bit time. While writing data bits, reading data bits, and 
reading check bits, parity of the shift register is predicted to change for each data bit 
that is '1'. While writing check bits, parity is predicted to change for each '1' that is 
shifted out of the shift register. 

WRITE 

DATA 

1 

o 

MUX 

1----.---1 J Q 

K 
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Another technique that aids the detection of error-correction hardware failures is 
to design the circuits so that nonzero check bytes result when the data is all zeros. 

SELF-CHECKING WITH MICROCODE AND/OR SOFTWARE 

Periodic microcode and/or software checking is another approach that can be used 
to limit the amount of undetected erroneous data transferred in case of an error-cor­
rection circuit failure. Diagnostic microcode or software could be run on a subsystem 
power-up and during idle times. These routines would force ECC errors and check for 
proper detection and correction. In some cases, this approach is the only form of 
self-checking incorporated in an implementation, even though it is not as protective as 
self-checking hardware. In other cases, this approach is used to supplement self-check­
ing hardware. 
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SUPPLEMENTARY PROBLEMS 

1. Write the syndrome equations for a three-error-correcting Reed-Solomon code. 

2. Write out the error-locator polynomi~ for errors 1t locations 0, 3, and 5 for a 
Reed-Solomon code operating over GF(2 ) dermed by x + x + 1. 

3. Show a Chien search circuit to solve the error-locator polynomial from problem 2. 

4. Once error locations for a Reed-Solomon code are known, the syndrome equations 
become a system of simultaneous linear equations with the error values as un­
knowns. The error-location vectors are coefficients of the unknown error values. 
Solve this set of simultaneous linear equations for the two error case. 

5. Write out 4the encode polrnomial for a two-error-correcting Reed-Solomon code 
using GF(2 ) generated by x + x + 1. 

6. G1ven a small field generated by the rule p3 = P + 1 and a large field generated by 
a = a + p, develop the rule for accomplishing the square of any element in the 
large field by performing computation in the small field. 

7. Show a complete decoder (on-the-fly, spaced data blocks) lor a bu~t length 2 
correcting, shortened cyclic code, using the polynomial (x + 1)· ex + x + 1). 
Record length is 20 bits, including check bits. Data and check bits are to be 
buffered in a 2Q-bit FIFO (first in first out) circuit. 

8. Find a polynomial for a code of length 7 that has single-, double-, and triple-bit 
error detection. 

9. For detection of random bit errors on a 32-bit memory word, would it be better to 
place parity on each byte or use a degree four error-detection polynomial across 
the entire 32-bit word? 

10. A device using a 2048 bit record, including 16 check bits, has a random bit error 
rate of lE-4. The 16 check bits are defined by the polynomial below. Can the 
device meet a lE-I5 specification for Pued (probability of undetected erroneous 
data)? 

xI6 + xI2 + x5 + 1 

= (x + 1)· (xI5 + x14 + x13 + x12 + x4 + x3 + x2 + x + 1) 

11. Compute the probability for three or more error bursts in a block of 256 bytes 
when the raw burst error rate is 1 E-7 . 
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12. Compute the block error probability for a channel using a detection only code 
when the raw burst error rate is IE-IO. 

13. Design a circuit to sojve the equation y2 + y + C = 0 for Y when C is given. The 
field is generated by x + x + 1. 

14. There is a Fire code in the industry defmed by 

x24 + x17 + x14 + xlO + x3 + 1 

a) For a correction span of four, determine the detection span using the ine­
qualities for a Fire code. 

b) Determine the miscorrection probability for correction span four and record 
length 259 bytes, (data plus check bytes.) 

15. For an error-detection code using the shift register below for encoding and decod­
ing of 2048 byte records: 

DATA .~r--3-2---B-I-T-S-H-I-F-T-R-E-G-I-S-T-E-R--,;J 
a) Determine the misdetection pr~babi1ity for all possible error bursts. 

b) Determine the misdetection probability for all possible double-bit errors. 

16. Which of the pairs of numbers below are relatively prime? 

15 , 45 
9 , 31 
7 , 11 

14 , 127 

17. Write the integer 18 as residues of moduli 5 and 7. 

18. Listed below are residues for several integers modulo 5 and 9. Compute the Ai 
and mi of the Chinese Remainder Method. Then use the Chinese Remainder 
Method to determine the integers. 

a) aMOD5 = 4, aMOD9 = 6, a = ? 
b) aMOD5 = 3, aMOD9 = 5, a = 1 
c) aMOD5 = 0, aMOD9 = 4, a = 1 

What is the total number of unique integers that can be represented by residues 
modulo 5 and 91 
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19. DefiJ;le a fast division algorithm for dividing by 2S5 on an 8-bit. processor that 
does not have a divide instruction. The dividend must be less than 65,536. 

20. What is the total number of unique integers that can be represented by residues 
modulo 6 and 8? 

21. Which of the finite field functions listed below are linear? 

Log 
Cube 
Sixth Power 
Modulo 

Square 
Square Root 
Eight Root 

Antilog 
Cube Root 
Inverse 

22; Determine the period of the following polynomials: 

a) x43 + 12 
b) x + x + x + 1 

23. Con:pute the reciprocal polynomial ofx3 + x + 1. 

24. How many primitive polynomials are of degree eight? 

25. Compute the residue of x 7 MOD x3 + x + 1. 

26. For a small-systems magnetic disk,list sevel'al factors influencing data accuracy. 

27. Is it possible for. a polynomial with an. <Xl~ number of terms to have a factor of 
the form (XC + I)? Why? 

28. Describe the difference between error locations and error-location vectors. Which 
are roots of an error-locator polynomial? 

29. What method is used to solve error-locator polynomials of a high degree? 

30. What is the difference between errata, errors, and erasures? 

31. If g(x) divides (x255 + I), what can be said about the period of g(x)? 

32. Given a field generated by x4 + x + I, show circuits to multiply an arbitrary field 
element by the following fixed field elements: 

a) a O 
b) a1 
c) a2 
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33. For a symbol-error-correcting code (symbol size eight bits) used with a 128 symbol 
(byte) record, what must the symbol-correcting capability be to have a block error 
rate less than lE-8 for a raw symbol error rate of lE-4? The block error rate is 
the ratio of block errors to blocks transferred. 

34. Show a circuit to implement the equation below in GF(28). 

R2 = Rl + aO 

35. In a Reed-Solomon code implementation, it may be necessary to test an equality 
similar to the one below for true: 

Suggest an equivalent test that would not require finite field multiplication or 
division. 

36. Write log and antilog tables for the field generated by x3 + x + 1. 

37. Consider' a Reed-Solomon code implementation where data is read from a storage 
device into a buffer. The data is corrected in the buffer and then transferred to 
a host. Deime a way of loading and unloading the buffer such that the imite 
field processor does not have to take logs of error-location vectors before making 
corrections to the buffer. 

38. Deime an algorithm for computing the square root in a field of 15 elements using 
log and antilog tables. 

39. Remember that miscorrection probability is the ratio of valid syndromes to all 
possible syndromes. Generate a miscorrection formula for a two-symbol-correcting 
Reed-Solomon code using GF(28). The symbol size is eight bits. The record 
length is 255 bytes, including check bytes. 

40. List the first ten entries in an antilog table for a large field. The small field is 
g~erated by the rule {33 = {3 + 1 and the large field is generated by the rule 
a = a + {3. 
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APPENDIX A. PRIME FACTORS OF 2n-1 

n Factors of 2n -1 

3 7 
4 3 5 
5 31 
6 3 3 7 
7 127 
8 3 5 17 
9 7 73 

10 3 11 31 
11 23 89 
12 3 3 5 7 13 
13 8191 
14 3 43 127 
15 7 31 151 
16 3 5 17 257 
17 131071 
18 3 3 3 7 19 73 
19 524287 
20 3 5 5 11 31 41 
21 7 7 127 337 
22 3 23 89 683 
23 47 178481 
24 3 3 5 7 13 17 241 
25 31 601 1801 
26 3 2731 8191 
27 7 73 262657 
28 3 5 29 43 113 127 
29 233 1103 2089 
30 3 3 7 11 31 151 331 
31 2147483647 
32 3 5 17257 65537 
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ABSTRACT 

Let GF(q) be a fmite field, where q =pDl and p is prime. Multiplications are per­

formed often using log and antilog tables of pm-l non-zero field elements. It is shown 

in this paper that forq =p2n and pD+ 1 a prime, that the log and the antilog of a field 

element can be found with two substantially smaller tables of pD + 1 and pD-l elements, 

respectively. The method is based on a use of the Chinese Remainder theorem. This 

technique results in a significant reduction in the memory requirements of the problem. 

It is shown more generally that for: 

where, mi=(p/i for 1 SiS k, tables of ml elements, m2 elements, ... , and mk elements 

also can be used to fmd logs and antilogs over GF(q). In the later method, further 

reductions in the memory requirements are achieved, however, at the expense of a 

greater number of operations. 
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I. lNTRODUcnON 

In order to efficiently encode and decode BCH and RS codes over a finite field 

GF(q) , each symbol of GF(q) is representable as a power of a selected primitive element 

in GF(q), i.e., a=1 i for a, 1 € GF(q) where r is primitive. 

To multiply two field elements a,p € GF(q) , where a=r i and P=1j, one only needs 

to add i and j modulo (q-l) to obtain the resulting exponent k. That is, 

.. (i+J·) mod (q-l) k aop = 110 1J = 1 = 1 • 

In the actual implementation of this multiplication process, a log table can be used to 

find the exponents. If the field elements are represented in the binary representation, 

binary addressing is used to locate a logarithm in the table. After the addition of the 

exponents modulo (q-l) , an antilog table is used to find the binary representation of 1k. 

The exponent k serves as the address of the antilog table. If q is large for many 

applications, such log and antilog tables may be prohibitively large. 

In the next section it is shown that for a q of form p2n where pfi+ 1 is a prime 

that substantially smaller tables of sizes pO+ 1 and pO-I can be used to find the log and 

antilog of a field element. Since q-l = p2n_l = {pfi+ 1)· (pO-I) and (pfi+l,pO-l) = 1, the 

Chinese Remainder theorem can be used to decompose the tables of p2n_l elements into 

smaller ones of pO+ 1 elements and pO-I elements respectively. The results obtained 

from the tables of pfi+ 1 elements and pO-I elements can be recombined to yield the 

desired log table of p2n_l elements. A similar reduction can be made for the antilog 

table. The memory requirements of this new method for finding the log and antilog are 

reduced from 2(p2n-l) to 2[pO+ I +pO-l] = 4pO memory elements. 

In Section III a more involved method is developed that yields the logarithm with 

a minimum memory requirement but with a greater number of operations. Suppose: 

where Pi is prime and mi=(p/i for 1 ~ i ~ k, (mi,mj)=1 for i t j. Then the Chinese 

Remainder theorem can be used to decompose tables of p2n_l elements into k smaller 

ones of ml elements, m2 elements, ... and mk elements, respectively. The log and 

antilog of a field element can be found by utilizing these k tables. 
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II. A LOG AND AN17LOG ALGORITHM OVER GFrp2nj 

Let P be a primitive element in GF(pD) and x € GF(pD). Also let m be the least 

integer such that x=pm. 

Definition 1. m is called the logarithm ofx to base p, i.e., m=logpx. 

Theorem 1. Let P be a primitive element in GF(pD) such that the polynomial 

p(x)=x2+x+p is irreducible in this field. Also let a € GF<j>2n) , where GF(p2n) is an 

extension field of GF(pD). If a is a root of p(x), i.e., p(a)=O, and pD+I a prime, then a 

is primitive in GF<j>2n). 

Proof. If a is a root of p(x) , its conjugate a is also a root of p(x) , where 

a=apD. Thus: 

It follows that: 

a+a = 1, a·a = p 

and: 

(1) 

Now (p2o-I)=(pD+1).(pD-I) and pO+1 is a prime by hypothesis. Hence, any number r 

such that rlp2n-1 implies that rlpO-l. Then, from (2): 

(3) 

Since p is primitive over GF(pD), pO-I is least integer such that p(pD-I)/r = 1. Hence: 

p(pn_1)/r t 1 unless r=l. 
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Thus, by (2) opP"-l)/r + 1 unless r=l. Therefore, the order of a is p2n_l and a 

is primitive in GF(p2n). 

Q.E.D. 

The above theorem guarantees the root ex to be primitive in the extension field 

only when p"+ 1 is a prime. To show that the theorem is not generally true for p"+ 1 

not a prime, consider the following counter example: Let GF{ll2) be the extension field 

of GF(U). It is verified readily that 13=112 € GF(ll) and is a primitive element in this 

field. Also: 

p(x)=x2-x+ 112 

is irreducible in GF(ll). Suppose a is a solution to p(x) and ex € GF(l12). Then 

a2-a+1I2=O. From this equation it is seen that a4=-1I4=117 € GF(11). Since 

a4 € GF(11), (a4)10= 1. Thus, a40 = 1 and ex is not a primitive element in GF(1l2). 

Definition 2. For a € GF(p2n) and a+exb € GF(p2n), where a,b € GF(p") , the norm 

ofa+ab is: 

I la+abl I = (a+ab)· (a+ab) 

Using the results of Theorem 1 and Definition 1 and Definition 2, the following 

theorem is demonstrated. 

Theorem 2. Let f3 be a primitive element in GF(p") such that the quadratic poly­

nomial x2 + x + 13 is irreducible over GF(p"). Suppose that p" + 1 is prime. Next let a be 

the root of this polynomial in the extension field GF(p2n) = {a + exb I a,b € GF(pn)} of 

GF(p"). Suppose exm= a+ab € GF(p2n). The following holds: 

(The proof is given in Section V.) 
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By Theorem 2 one can construct a logp table of p11 - 1 elements by storing the 

value ml = m mod(p11-l), where: 

1 S ml S p11-l, 

at location a2 +ab+b2p such that crm= a+crb. Then with a and b known, one can find ml 

using the logp table. A logp table is given in Section VI for p11-l =15. Similarly, the 

antilogp table is constructed by storing the binary representation of a2 +ab+b2p at loca­

tion m 1 such that crm = a + crb and: 

An antilogp table is also given in Section VI for p11-1 = 15. Next, the constructions of 

tables of p11 + 1 elements is shown. 

1heorem 3. Let l' =crp11-1 £ GFw2n) , where cr is primitive in GF(p2n). Suppose 

crm= a+crb £ GFw2n) for some a,b £ GF(p11). Then: 

[ 
a+ab 1 log1' ---- = m mod(pn+l) 
a+crb 

(The proof is given in Section V.) 

Using the results of Theorem 3, let: 

(a/b)+a a+ab 
f(a/b) = 1'm = = 

(a/b)+cr a+crb 
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To construct the log.,. table, notice that when a=O: 

and m=1. For m2 == mod (pfi+ 1), one has m2=1 when a=O. When b=O: 

a+O 
f (alb) = -- = 1. 

a+O 

Thus, m=O and m2=0. The remaining part of the log.,. table can then be constructed by 

storing the value m2==m mod(pfi+l) at location alb for am= a+ab, where 2Sm2spfi. A log.,. 

table for pD+ 1 = 17 is given in Section VII. Also, given there is an antilog.,. table for 

pfi+l=17. It is constructed by storing the binary representation of (alb) e {pl,p2, •• • pI5} 

at the corresponding location i=m2 for 2SiS16. Thus: 

(5) 

From (4) and (5) the following two simultaneous equations need to be solved for a and 

b in order to reconstruct am= a+ab: 

= x 
{6} 
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Relations (6) yield the following solution: 

(7) 

a = boy (8) 

For b € GFWO) it is verified readily that: 

[ 
lOgPZ] b = antilogp 2 (9) 

where: 

z = _-"x=--
y2+y+p 

Now, the logarithm of am=a+ab € GF(p2n), where a,b € GF(pO) and a € GP(p2n) is 

primitive, can be found in terms of ml and m2 by using the tables of pn-l elements and 

pn+ 1 elements, respectively. Then the Chinese Remainder theorem warrants that: 

(10) 

where: 
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and (nttt and (nv- t are the smallest numbers such that: 

To recapitulate, the following algorithms for the log and antilog are given: 

(~ THE LOG ALGORITHM 

Given am= a+ab fmd m as follows: 

y = alb 

2. Use the 10813 table to fmd mt = 10gJ3(x) and the log,. table to fmd 

m2= log,.(y) for aiO, biO. 
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3. By equation (10): 

(b) THE ANTILOG ALGORITHM 

Given m, recover a m= a+ab as follows: 

1. Compute: ml = m mod(pfi-I) and m2= m mod(pfi+ I). 

2. Use the antilog tables to find: 

antilog T (m2) = y = alb, for m2 + 0,1. 

3. Use the equation (9): 

where: 

Then: 

a = boy 

To illustrate the above procedures, the following examples are given over GF(28). 
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Example 1: 

Example 2. 

Given a l27 =(0,1, 1 ,0)+a(l, 1,1,0) E GF(28). Then, a=(O,I,1 ,0) and b=(l, 1,1,0). 

By the WG algorithm: 

(1,1,1,0) 

y = alb = (1,1,1,1) 

Now use Tables VI.1 and VI.3 to fmd ml and m2, respectively. The results 

are ml=7 and m2=8. For this example, nl=17, n2=15, (nlt1=8, (n2t l =8, 

n 1· (nt}-1 = 136 and n2· (n2f 1 = 120. By equation (10): 

= 127 

Given m=127, find a127 = a+ab E GF(28). Using the ANTILOG algorithm: 

ml = m mod (pfi-l) = 7 

m2 = mmod(pfi+l) = 8 

Then use Tables VI.2 and VI.4 to find x and y, respectively. The results are: 

x = (1,1,1,0) and y = (1,1,1,1). 

Thus: 

x 
z = --- (0,0,1,1) 
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By equation (9): 

_ [ lOgP2 (z) ] 
b = antilogp = antilogp 

and: 

b = (1,1,1,0) 

Thus: 
a = bey = (0,1,1,0) 

Therefore: 
a127 = (0,1,1,0) + a(1,t,l,O). 
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III. A GENERALALGORrrHM FOR FlNDINGWGAND AN11WG OYER GF(q) 

Consider a Galois field GF(q) and suppose that: 

where Pi is prime and ni =(p/i for l~i~k. Let a ~ GF(q) be primitive. Then any field 

element of GF(q) can be represented by ai for some i, where l~i~q-l. By the Chinese 

Remainder theorem an exponent i is mapped onto (it mod nI, i2 mod n2, ... , ik mod nJ.;). 

Then a primitive element a is expressed in the notation of the Chinese Remainder 

theorem as follows: 

a1 = a(l mod n1, 1 mod n2,"',1 mod nk) 

(1,0,0, ... ,0) (0,1,0 ..• ,0) (0,0, ..• ,0,1) (11) a ,a , ... ,a 

Here: 

_(0,0, ... ,0,1,0, •.• ,0) s 
... Tj (12) 

where the integer 1 in the exponent is in the location j. Element Tj is an nj-th root 

of unity. It follows from (11) that: 

for all integers m where Tj is a primitive Dj-th root ofUDity. 

where: 

By (12) and the reconstruction of the Chinese Remainder theorem: 

m' • (m' ) -1 
Tj = a J J 
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and: 

nj omj=q-l (15) 

Now, suppose one computes Cam)mjocmjtl for any j such that l:sj:sk. Observe by (15) 

that one has: 

where Cj ;: m mod nj for l:sj:sk and m=Cj t~anj for sOIne integer a. Then, by (14) it 

follows that: 

m mJ·· (mJ' ) -1 (a ) _ [~mj 0 (mj) -lJ Cj mod q-1 

= (fj) Cj 

Therefore, by the use of equation (17) one can compute (fj)Cj from am for l:sj:sk. 

(17) 

Note that k small tables, each containing the value Cit for l:Si:snj, at location 

(fj}Ci. for l:sj:sk, can be used to find the k exponents Cl,C2 .... ,Ck. respectively. Once 

the Cj are found, the Chinese Remainder th~orem is used to compute the logarithm of 

am as follows: 

m = [/ Ci omi 0 (mi) -1 ] mod q-1 

~=1 

(18) 
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By (13), (14), (16), and (17), the antilog ofm is computed as: 

(19) 

where Ci = m mod ni for 1~i~k. Tables of (1j) Ci fOr 1~j~3 for 

q-1 = 255 3x5x17 = n1'n2°n3 are given in section VII. 

Example 3: To demonstrate the general algorithm above, the logar­

ithm of a 20 is computed for a,a20 E GF(2 8 ) where a sat­

isfies x8+x4+x3+x 2+1. with an exponent of 20 given, the 

antilog a 20 is recovered. In this case, n1=3, n2=5, 

n3=17, m1'(m1)-1= 85, m2'(m2)-1= 51, and m3 o (m3)-1=120. 

LOGARITHM 

Using the tables in Section VII, one finds Cl, C2, and C3 from the following 

computations: 

Thus, CI =2, C2=0, and C3=3. The logarithm m is obtained by: 

m = (2.85+0 0 51+3 0 120) mod 255 

=20. 
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ANTILOG 

From m=20, one computes: 

C1 E 20 mod 3 = 2 

C2 = 20 mod 5 0 

C3 = 20 mod 17 3 

Using the tables in Section VII gives: 

Then the antilog of m=20 is recovered as: 

= a(170+0+105) mod 255 
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IV. eONaUS/ON 

To find the log and antilog of an element in a finite field GF(q) , it q =p2n for 

some prime p, the technique shown in Section II can be used to reduce the table mem­

ory requirement from 2(p2n_l) elements to 4pll elements. A further memory reduction 

can be achieved, i.e. from (q-l) elements to: 

elements, by using the general method shown in Section III, however, at the expense of 

a greater number of operations.. A comparison of the number of operations needed in 

these methods is given in Table IV.l. It is evident from Table IV.l that the number of 

multiplications required in the general case can be prohibitively large in some situations. 

Thus, the technique shown in Section II has a better potential than the general method 

for many practical applications. 
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No. of 

Multiplication 

Additions 

Table Look-Ups 

Modulus 
operations 

-1 * mj • (mj) == 1 mod nj 

Table IV. 1 

A Complexity Comparison of the 

Alternative Approaches for Computing 

Logs and Antilogs over GF(q). 

when ~-1=p2n-l General Method for 
and p +1 is prime q-l=nl n2 ... nk 

LOG ANTILOG LOG ANTILOG 

--1L 
7 5 k+ \ m' • em' ) -1 * L- J J k-l 

j-l 

4 2 k-l 0 

2 4 k k 

0 2 1 k 
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v. PROOF OF THEOREMS 

Proof of Theorem 2. Since x2+x+,8 is irreducible over GF(pn), it has roots a and 

~=apn in the extension field GF(p2n). By theorem 1, a is primitive in GF(p2n). By 

Definition 2 and relations (1) and (2), one has the following: 

I la+abl I = (a+ab) (a+ab) 

= (a+ab) (a+ab) 

(V.1) 

If c+ad is any other element in GF(p2n) and c,d € GF(pD), then: 

n n 
(a+ab) (c+ad) = (a+ab)P (c+ad)P 

(V.2) 

Thus, by (V.2) and the definition of the norm, one has: 

I I (a+ab) (c+ad) I I = (a+ab) (c+ad) (a+ab) (c+ad) 

= I la+abl I ~ I Ic+adl I (V. 3) 

Observe next by (2) that: 

I I a I I = a~a = ,8 

so that the theorem is true for m = 1. For purposes of induction, assume that: 

II akll = ,8k (V. 4) 
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for all k such that l~k~m. Then by (V.3), for k=m+ 1: 

Hence, the induction is complete and (V.4) is true for all k. 

Represent am by a+ab for some a,b € GF(pD). Then, by (V. I) and (V.4): 

The theorem follows by the definition of the logarithm and the fact that 13 has order 

pn-I. 

Q.E.D. 

Proof of Theorem 3. Since a is primitive in GF(p2n) and r=apn- 1 , the order of r 

is pO + 1. By the definition of the norm, one has: 

(V.6) 

For purposes of induction, assume that: 

(V. 7) 

for l~k~m. Then, by (V.3) for m=m+ 1: 

Hence, the induction is complete and (V. 7) is true for all k. 
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Representing am by a+ab for some a,b E GF(pD), it follows from (V.6) that: 

Multiplying both sides of (V. 8) by (a + ab)2 yields: 

Therefore, from the definition of the norm: 

II a+ab II (a+ab) 2 

I la+abl 12 

(V.8) 

(V.9) 

The theorem follows by the definition of the logarithm and the fact that the order of 

Tis pn+1. 

Q.E.D. 
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VI. Let p(x)=x4+x3+1 be irreducible over GF(2) and fJ € GF(24) is a solution of p(x). 

Then: 

fJl 
fJ2 
/33 

/3 4 = /33+1 
/35 = /33+/3+1 

/36 = /33+/32+/3+1 

/3 7 = /32+/3+1 

/38 = /3 3+/3 2+/3 

/39 = /3 2+1 
/310 = /33+/3 

/311 = /33+/32+1 

/312 = /3+1 

/313 = /3 2+/3 

/314 = /33+/32 

/315 = 1 

- 396 .. 



0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

Table VI.l 
Logp 

Location ~ontent 

o 0 1 3 

0 1 0 2 

0 1 1 14 

1 0 0 1 

1 0 1 10 

1 1 0 13 

1 1 1 8 

0 0 0 15 

0 0 1 4 

0 1 0 9 

0 1 1 11 

1 o 0 12 

1 0 1 5 

1 1 0 7 

1 1 1 6 
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0 0 

0 0 

0 0 

0 0 

0 1 

o 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

Table VI.2 
Antilog.B 

Location Content 

0 0 0 0 0 

0 1 0 1 0 

1 0 0 0 1 

1 1 0 o 0 

0 0 1 0 0 

0 1 1 1 0 

1 0 1 1 1 

1 1 1 1 1 

o 0 0 1 1 

0 1 1 0 1 

1 0 0 1 0 

1 1 1 0 1 

0 0 1 1 0 

0 1 0 1 1 

1 0 001 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 1 1 0 o 0 
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For the .,. table, note the following: 

i) lfa=O: 

Thus, m=l and m2=1. 

ii) Ifb=O: 

Thus, m=O and m2=O. 
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Table VI. 3 
Antilog, 

Location Content 
0 0 0 1 14 

0 0 1 0 12 

o 0 1 1 6 

0 1 0 0 2 

0 1 0 1 10 

0 1 1 0 4 

0 1 1 1 9 

1 0 0 0 16 

1 0 0 1 3 

1 0 1 0 5 

1 0 1 1 11 

1 1 0 0 15 ,.' 

1 1 0 1 7 

1 1 1 0 13 

1 1 1 1 8 
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Table VI.4 
Antiloqr 

Location ~ontent 

0 0 1 0 0 1 0 0 

0 a 1 1 1 a a 1 

0 1 a a a 1 1 0 

0 1 a 1 1 a 1 0 

a 1 1 0 a a 1 1 

a 1 1 1 1 1 a 1 

1 a 0 0 1 1 1 1 

1 0 0 1 a 1 1 1 

1 0 1 0 a 1 0 1 

1 0 1 1 1 0 1 1 

1 1 0 a a a 1 a 
1 1 0 1 1 1 1 a 
1 1 1 0 a 0 0 1 

1 0 0 0 1 1 0 a 
1 0 0 0 0 1 a 0 a 
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VIT. Tables for ml =3, m2=5, and m3=17, where m=255=ml'm2'm3, when 

a 8+a4+a3+a2+1=O, 

(fl)m1 m2 (f2)m2 m2 

1 (0 0 0 0 0 0 0 1) 0 1 (0 0 0 0 0 o 0 1) 0 

a 85 (0 1 1 0 1 0 1 1) 1 a51 (0 0 0 0 0 1 0 1) 1 

a 170 (1 1 1 o 0 1 0 1) 2 a102 (0 0 1 o 0 0 1 0) 2 

a 153 (0 1 0 0 1 0 0 1) 3 

a204 (1 1 1 0 o 0 o 0) 4 

(f3)m3 m3 

1 (0 0 o 0 0 0 0 1) 0 

a 120 (1 0 0 1 0 0 1 1) 1 

a 240 (0 0 0 1 0 1 1 0) 2 

a 105 (0 o 0 0 1 1 0 1) 3 

a 225 (0 1 1 1 0 1 1 0) 4 

a 90 (1 1 1 0 0 0 0 1) 5 

a 210 (1 0 1 0 0 0 1 0) 6 

a 75 (1 o 0 0 1 0 0 1) 7 

a 195 (0 0 1 1 0 0 1 0) 8 

a 60 (1 1 0 1 o 0 1 0) 9 

a 180 (0 1 0 0 1 0 1 1) 10 

a 45 (1 1 1 0 1 1 1 0) 11 

a 165 (1 1 0 0 0 1 1 0) 12 

a 30 (0 0 1 1 0 0 0 0) 13 

a 150 (1 0 1 0 0 1 0 0) 14 

a 15 (0 0 1 0 0 1 1 0) 15 

a 135 (1 1 0 1 1 0 1 0) 16 
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ABBREVIATIONS 

BCH Bose-Chaudhuri-Hocquenghem (code) 

BER Bit-Error Rate 

CLK Clock 

CNT Count 

CRC Cyclic Redundancy Check (code) 

DBER Decoded Bit-Error Rate 

DEC Double-Error Correction 

DED Double-Error Detection 

ECC Error Correcting Code 

EDAC Error Detection And Correction 

FBSR Feedback Shift Register 

FEC Forward Error Correction 

FWD Forward 

GF Galois Field 

LFSR Linear Feedback Shift Register 

LSC Linear Sequential Circuit 

LSR Linear Shift Register 

LRC Longitudinal Redundancy check 

RS Reed-Solomon (code) 

REV Reverse 

SR Shift Register 

SEC Single-Error Correction 

TED Triple-Error Detection 

VRC Vertical Redundancy Check 
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GLOSSARY 

ALARM 

Any condition detected by a correction algorithm that prevents correction, such as 

error-correction capability exceeded. In some cases, alarms will cause the error-control 

system to try another approach, for example using a different set of pointers. 

BINARY SYMMETRIC CHANNEL 

A channel in which there is equal probability for an information bit being 1 or O. 

BLOCK CODE 

A block code is a code in which the check bits cover only the immediately preceding 

block of information bits. 

BURST ERROR RATE 

The number of burst-error occurrences divided by total bits transferred. 

BURST LENGTH 

The number of bits between and including the first and last bits in error; not all of the 

bits in between are necessarily in error. 

CATASTROPHIC ERROR PROBABILITY (Pc) 

The probability that a given defect event causes an error burst which exceeds the 

correction capability of a code. 

CHARACTERISTIC 

See Ground Field. 
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CODE POLYNOMIAL 

See Codeword. 

CODE RATE 

See Rate. 

CODE VECTOR 

See Codeword. 

CODEWORD 

A set of data symbols (i.e. information symbols or message symbols) together with its 

associated redundancy symbols; also called a code vector or a code polynomial. 

CONCATENATION 

A method of combining an inner code and an outer code, to form a larger code. The 

inner code is decoded first. An example would be a convolutional inner code and a 

Reed-Solomon outer code. 

CONVOLUTIONAL CODE 

A code in which the check bits check information bits of prior blocks as well as the 

immediately preceding block. 

CORRECTABLE ERROR 

One that can be corrected without rereading. 

CORRECTED ERROR RATE 

Error rate after correction. 
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CORRECTION SPAN 

The maximum length of an error burst which is guaranteed to be corrected by a burst­

correcting code. 

CYCLIC CODE 

A linear code with the property that each cyclic (end-around) shift of each codeword is 

also a codeword. 

CYCLIC REDUNDANCY CHECK (CRe) 

An error-detection method in which check bits are generated by taking the remainder 

after dividing the data bits by a cyclic code polynomial. 

DEFECT 

A permanent fault on the media which causes an error burst. 

DEFECT EVENT 

A single occurrence of a defect regardless of the numbe~ of bits in error caused by the 

defect. 

DEFECT EVENT RATE (Pe) 

The ratio of total defect events to total bits, having the units of defect events per bit. 

DETECTION SPAN 

For a single-burst detection code, the single-burst detection span is the maximum length 

of an error burst which is guaranteed to be detected. 

For a single-burst correction code, the single-burst detection span is the maximum 

length of an error burst which is guaranteed to be detected without possibility of 

miscorrection. 
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If a correction code has a double-burst detection span, then each of two bursts is 

guaranteed to be detected without possibility of miscorrection, provided neither burst 

exceeds the double-burst detection span. 

DISCRETE MEMORYLESS CHANNEL 

A channel for which noise affects each transmitted symbol independently, for example, 

the binary symmetric channel (BSC). 

DISTANCE 

See Hamming Distance. 

ELEMENTARY SYMMETRIC FUNCTIONS 

Elementary symmetric functions are the coefficients of the error locator polynomial. 

ERASURE 

An errata for which location information is known. An erasure has a known location, 

but an unknown value. 

ERASURE CORRECTION 

The process of correcting errata when erasure pointers are available. A Reed-Solomon 

code can correct more errata when erasure pointers are available. It is not necessary 

for erasure pointers to be available for all errata when erasure correction is employed. 

ERASURE LOCATOR POLYNOMIAL 

A polynomial whose roots provide erasure-location information. 

ERASURE POINTER 

Information giving the location of an erasure. Internal erasure pointers might be de­

rived from adjacent interleave error locations. External erasure pointers might be 

derived from run-length violations, amplitude sen~ing. timing sensing. etc. 
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ERRATA LOCATOR POLYNOMIAL 

A polynomial whose roots provide errata-location information. 

ERRATUM 

Either an error or an erasure. 

An errata for which location information is not known. In general, an error represents 

two unknowns, error location and value. In the binary case, the only unknown is the 

location. 

ERROR BURST 

A clustered group of bits in error. 

ERROR LOCATION OR DISPLACEMENT 

The distance by some measure (e.g., bits or bytes) from a reference point (e.g., beginn­

ing or end of sector or interleave) to the burst. For Reed-Solomon codes, the error 

location is the log of the error-location vector and is the symbol displacement of the 

error from the end of the codeword. 

ERROR LOCA nON VECTOR 

Vector form of error location (antilog of error location). 

ERROR LOCATOR POLYNOMIAL 

A polynomial whose roots provide error-location information. 

ERROR VALUE 

The error value is the bit pattern which must be exclusive-or-ed (XOR-ed) against the 

data at the burst location in order to correct the error. 
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EXPONENT 

See Period. 

EXTENSION FIELD 

See Ground Field. 

Refer to Section 2.8 for the definition of a field. 

FINITE FIELD 

A field with a finite number of elements; also called a Galois field and denoted as GF(n) 

where n is the number of elements in the field. 

FORWARD-ACTING CODE 

An error-control code that contains sufficient redundancy for correcting one or more 

symbol errors at the receiver. 

FORW ARD POLYNOMIAL 

A polynomial is called the forward polynomial when it is necessary to distinguish .it 

from its reciprocal polynomial. 

GROUND FIELD 

A finite field with q elements, GF(q) , exists if, and only if, q is a power of a prime. 

Let q =pfi where p is a prime and n is an integer, then GF(p) is referred to as the 

ground field and GF{pll) as the extension field of GF(p). 

The prime P is called the characteristic of the field. 
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GROUP CODE 

See Linear Code. 

HAMMING DISTANCE 

The Hamming distance between two vectors IS the number of corresponding symbol 

positions in which the two vectors differ. 

HAMMING WEIGHT 

The Hamming weight of a vector is the number of nonzero symbols in the vector. 

HARD ERROR 

An error condition that persists on re-read; a hard error is assumed to be caused by a 

defect on the media. 

IRREDUCIBLE 

A polynomial of degree n is said to be irreducible if it is not divisible by any polyno­

mial of degree greater than zero but less than n. 

ISOMORPHIC 

If two fields are isomorphic they have the same structure. That is, one can be obtained 

from the other by some appropriate one-to-one mapping of elements and operations. 

LINEAR (GROUP) CODE 

A code wherein the EXCLUSIVE-OR sum of every pair of codewords is also a codeword. 

LINEAR FUNCTION 

A function is said to be linear if the properties below hold: 

a. Linearity: f(a-x) = a-f(x) 

b. Superposition: f(x +y) = f(x)+f(y) 
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LINEARLY DEPENDENT 

A set of n vectors is linearly dependent if, and only if, there exists a set of n scalars 

Ci, not all zero, such that: 

LINEARLY INDEPENDENT 

A set of vectors is linearly independent if they are not linearly dependent. See Linear­

ly Dependent. 

LONGITUDINAL REDUNDANCY CHECK (LRC) 

A check byte or check word at the end of a block of data bytes or words, selected to 

make the parity of each column of bits odd or even. 

MAJORITY LOGIC 

A majority logic gate has an output of one if, and only if, more than half its inputs are 

ones. 

MAJORITY LOGIC DECODABLE CODE 

A code that can be decoded with majority logic gates. See Majority Logic. 

MINIMUM DISTANCE OF A CODE 

The minimum Hamming distance between all possible pairs of codewords. The minimum 

distance of a linear code is equal to its minimum weight. 

MINIMUM FUNCTION 

See Minimum Polynomial. 
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MINIMUM POLYNOMIAL OF Qi 

The monic polynomial m(x) of smallest ~egree with coefficients in a ground field such 

that m(Qi) =0, where Qi is any element of an extension field. The minimum polynomial of 

Qi is also called the minimum function of Qi. 

MINIMUM WEIGHT OF A CODE 

The minimum weight of a linear (group) code's non-zero codewords. 

MISCORRECTION PROBABILITY (pmc) 

The probability that an error burst which exceeds the guaranteed capabilities of a code 

will appear correctable to a decoder. In this case, the decoder actually increases the 

number of errors by changing correct data. Miscorrection probability is determined by 

record length, total redundancy, and correction capability of the code. 

Pmc usually represents the miscorrection probability for all possible error bursts, assum­

ing all' errors are possible and equally probable. Some codes, such as the Fire Code, 

have a higher miscorrection' probability for particular error bursts than for all possible 

error bursts. 

MISDETECTION PROBABILITY (pmd) 

The probability that an error burst which exceeds the correction and detection capabil­

ities of a code will cause all syndromes to be zero and thereby go undetected. Mis­

detection probability is determined by the total number of redundancy bits, assuming 

that all errors are possible and equally probable. 

MONIC POLYNOMIAL 

A polynomial is said to be monic if the coefficient of the highest degree term is one. 

(o.k) CODE 

A block code with k information symbols, n-k check symbols, and n total symbols 

(information plus check symbols). 
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A convolutional code with constant length n, code rate R (efficiency), and information 

symbols k=Rn. 

Number of combinations of n objects taken r at a time, without regard to order. 

n! = r!(n-r)! 

n-TUPLE 

An ordered set of n field elements ai, denoted by (al,a2,' •• ,an)' 

ORDER OF A FIELD 

The order of a field is the number of elements in the field. The number of elements 

may be infinite (infinite field) or finite (finite field). 

ORDER OF A FIELD ELEMENT 

The order e of a field element f3 is the least positive integer for which f3e=1. Elements 

of order 2n-l in GF(2n) are called primitive elements. 

PARITY 

The property of being odd or even. The parity of a binary vector is the parity of the 

number of ones the vector contains. Parity may be computed by summing modulo-2 the 

bits of the vector. 
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PARITY CHECK CODE 

A code in which the encoder accepts a block of information bits and computes for 

transmission, a set of modulo-2 sums (XOR) across .various of these information bits and 

possibly information bits in prior blocks. A decoder at the receiving point reconstructs 

the original information bits from the set of modulo-2 sums. Every binary parity-check 

code is also a linear, or group code. See also Block Code and Convolutional Code. 

PERFECT CODE 

An e error correcting code over GF(q) is said to be perfect if every vector is distance 

no greater than e from the nearest codeword. Examples are Hamming and Golay codes. 

PERIOD 

The period of a polynomial P(x) is the least positive integer e such that xe+ 1 is divi­

sible by P(x). 

POINTER 

Location information for an erasure. This information is normally provided. by special 

hardware. 

POLYNOMIAL CODE 

A linear block code whose codewords can be expressed in polynomial form and are 

divisible by a generator polynomial. This clas~ of codes includes the cyclic and shor­

tened cyclic.codes. 

POWER SUM SYMMETRIC FUNCTIONS 

The power sum symmetric functions are the syndromes. 

PRIME FJELD 

A field is called prime if it possesses no. sub fields except that consisting of the whole 

field. 
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PRIME SUBFIELD 

The prime subfield of a field is the intersection of all sub fields of the field. 

PRIME POLYNOMIAL 

See Irreducible. 

PRIMITIVE POLYNOMIAL 

A polynomial is said to be primitive if its period is 2m-I, where m is the degree of the 

polynomial. 

RANDOM ERRORS 

For the purposes of this book, the term 'random errors' refers to an error distribution 

in which error bursts (defect events) occur at random intervals and each burst affects 

only a single symbol, usually one bit or one byte. 

The code rate, or rate (R) of a code is the ratio of information bits (k) to total 

bits (n); information bits plus redundancy. It is a measure of code efficiency. 

R =.k. 
n 

RA W BURST ERROR RATE 

Burst error rate before correction. 

READABLE ERASURE 

A suspected erasure that contains no errors. 
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RECIPROCAL PoLYNOMIAL 

'The reciprocal ofa poiynomial F(Jt) is defined as 

where III is the degree ofF(x). 

····RECURRENTCOI>E 

..... See Collvolutional Code. 

RErr(JCIBLE 

A"pOlynoIlliar'ofdegree nissrudto'be redliCIble if itisdi~isibleby's'omi'polyn()filial of 

adegreegreatetthan o but lesktliait n . 

. RELATIVEi.yPRIME 

1r; the greatest'corilmon divisorof'i~oP61yri6niials: is ,. 1,': th'~y are' ~aid to;!6e:r~j~ti ~ely 
prime. 

:SELF,cRECIPROCALPOLYNOMIAL 

SHORTENiHiCYCLICCODE 

.Alillearcodeformedbydeleting 'leadihginfohtiatloh'digiisfr()Ill the~Ode words ofa 

cyClic code. Sh6rtened c},cHc cOdes are no{cydic. 

SOFT ERROR 

An -error tnatt1isappears orbecomescort~ttabj~ :bo :ie5~~d; a soft errorjs'a~su;;;~d to 

'be ,due ,atll~ast iilpart,t()aTdln'sientcau~e sudlis~le2fiic~lridi~e. 



SUBFIELD 

A subset of a field which satisfies the defmition of a field. See Section 2.8 for the 

definition of a field. 

SYNC FRAMING ERROR 

When synchronization occurs early or late by one or more bits. 

SYNDROME 

A syndrome is a vector (a symbol or set of symbols) containing information about an 

error or errors. Some codes use a single syndrome while others use multiple syndromes. 

A syndrome is usually generated by taking the EXCLUSIVE-OR sum of two sets of 

redundant bits or symbols, one set generated on write and one set generated on read. 

SYSTEMATIC CODE 

A code in which the codewords are separated into two parts, with all information 

symbols occurring first and all redundancy symbols following. 

UNCORRECTABLEERROR 

An error situation which exceeds the correction capability of a code. An uncorrectable 

error caused by a soft error on read will become correctable on re-read. 

UNCORRECTABLESECTOR 

A sector which contains an uncorrectable error. 

UNCORRECTABLE SECTOR EVENT RATE 

. The ratio of total uncorrectable sectors to total bits, having the units of uncorrectable 

sector events per bit. 
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UNDE.TECTED ERRONEOUS DATA PROBABILITY (Pued) 

The probability that erroneous data will be transferred and not detected, having the 

units of undetected erroneous data events per bit. Pued for a code that does not have 

pattern sensitivity is the product of miscorrection probability (pmc) of the error COr­

recting code (if present). the misdetection probability (pmd) of the error detectiIlg code 

(if present), and the probability of having an error that exceeds guaranteed capabilities 

of the code (Pe*Pc). 

A code with pattern sensitivity will have two undetected erroneous data rates: one for 

all possible error bursts, and a higher one for the sensitive patterns. 

UNREADABLE ERASURE 

A suspected erasure that actually contains an error. 

UNRECOVERABLE ERROR 

Same as hard error. 

VERTICAL REDUNDANCY CHECK NR.C) 

Check bit(s) on a byte or word selected to make total byte or word parity odd or even. 

WEIGHT 

The weight of a codeword is the number of non-zero symbols it contains. 
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of error tolerance, including framing, synchronization, data formats, and error manage­
ment. 

Cirrus Logic - Colorado also develops innovative VLSI products that perform 
complex peripheral control functions in high-performance personal computers, worksta­
tions and other office automation products. The company develops advanced standard 
and semi-standard VLSI controllers for data communications, graphics and mass storage. 

Cirrus Logic - Colorado was a pioneer in the development and implementation of 
computer-generated codes to improve data accuracy. These codes have become widely 
used in magnetic disk systems over the past few years and are now defacto standards 
for 5 1,4 inch Winchester drives. Cirrus Logic - Colorado developed the first low-cost 
high-performance Reed-Solomon code integrated circuits; the codes implemented therein 
have become worldwide standards for the optical storage industry. EDAC codes produ­
ced by Cirrus Logic - Colorado have become so associated with high data integrity that 
many users include them in their lists of requirements when selecting storage subsys­
tems. 

Cirrus Logic - Colorado licenses EDAC software and dis~rete and integrated circuit 
designs for various EDAC codes, offers books and technical repOrts on EDAC and recor­
ding codes, and conducts seminars on error tolerance and data integrity as well as 
EDAC, recording, and data compression code .. ;. 
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