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57 ABSTRACT 
A decoder for the 2,7 variable length code. A four-bit 
shift register sliding block decoder detects the presence 
of the code's four-bit ending sequence and provides 
decoded binary output. The decoder has only a three 
bit binary error propagation. 
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1. 

27 CODE DECODER WITH NO MORE THAN 3 
BITS ERROR PROPAGATION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention . 
The invention relates to the field of code decoders 

and more particularly to decoders for the 2, 7 variable 
length code. 

2. Brief Description of the Prior Art 
Franazek introduced the 2, 7 variable length code in 

U.S. Pat. No. 3,689,899 assigned to IBM. The code is 
primarily useful in magnetic recording. 

Eggenberger et al. provided a sliding block decoder 
for the 2,7 code in U.S. Pat. No. 4,115,768. This patent 
is incorporated by reference as if set forth herein. This 
decoder included an eight-bit shift register for framing 
all of the longest possible code sequence. Because the 
code contains two code bits for each binary bit, a single 
code bit error could create an error in four binary bits. 

SUMMARY OF THE INVENTION 
The invention comprises a sliding block decoder for 

the 2,7 variable length Franazek code. The decoder 
includes a four-bit shift register for framing the code 
stream and detecting code end sequences, and a second 
four-bit shift register for determining the sole code to 
binary ambiguity not resolving using the first shift regis 
ter. The combination of the two shift registers decodes 
the 2,7 code with an error propagation of three binary 
bits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the Franazek 2,7 variable length code. 
FIG. 2 is a rough schematic of the Eggenberger de 

coder of the prior art. 
FIG. 3 is a rough schematic of the decoder of the 

preferred embodiment. 
FIG. 4 is a more detailed schematic of the decoder of 

the preferred embodiment. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

FIG. 1 shows a conversion table between binary and 
the 2,7 variable length code code and has seven ele 
ments. Each element comprises variable length strings 
of code and binary, running left to right in the figure. 
Note that the there are exactly two code bits for each 
binary bit, and further that each code word has either of 
two four-bit ending sequences: either 0100 or 1000. The 
three code elements having 1000 ending sequences each 
have a 1.1 binary ending sequence. These code elements' 
beginning sequence are "nothing', 00 or 00 00. These 
correspond to binary beginning sequences of "nothing', 
0 or 00. Similarly, each of the 0100 code ending sequen 
ces corresponds with a 10 binary ending sequence ex 
cept for element 5, which has a 00 binary ending se 
quence. Thus, except for element 5, these code ele 
ments' beginning sequences are also decoded into a 
corresponding number (divided by 2) of beginning bi 
nary zeros, Element 5 is distinguishable from the other 
01.00 elements and from element 6 because the four 
consecutive leading code bits of element 5 are all zero 
(each code element has two trailing zeroes and element 
5 has two leading zeroes, while element 6 has a nonzero 
bit in the second preceding code bit). 
FIG. 2 shows the prior art Eggenberger et al. de 

coder (see FIGS. 6 and 7 of U.S. Pat. No. 4,115,768) for 
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decoding the above code. Read-back pulses from, for 
example, a magnetic disk, are input to a self synchroni 
zation system 6 which derives a clock signal from the 
data and provides the data to an eight-bit shift register 1, 
bit by bit, as clocked by the recovered encoded clock. 
As each two bits of code bits are framed, a combination 
logic circuit detects those code patterns which invari 
ably produce a binary one output and provide a one 
output to a latch 4, otherwise the logic provides a zero 
output. The Eggenberger specification is a little confus 
ing because the logic equations and the circuit diagrams 
are inconsistent. However, the circuit diagram of FIG. 
8 corresponds to the example of FIG. 9, and should be 
taken as correct. Thus the logic equation of the Eggen 
berger decoder should be p= c--e(h-not)--b(d-not)- 
f--af. Latch 4 is clocked by clock divider circuit 5 
driven by the encoded clock from synchronization cir 
cuit 6. 

Applicant's preferred decoder is shown in rough 
schematic in FIG. 3. Synchronizer 6, and divider 5 are 
unchanged from Eggenberger. Instead of a single eight 
bit shift register, applicant provides two four-bit shift 
registers 7 and 15, clocked as before with the encoded 
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clock. Data enters the ending sequence shift register 7 
first, bit by bit, and shifts the data, to the right. Data bits 
exiting the right-most stage of shift register 7 enter the 
lowest order stage of the zero-string shift register 15. 
The outputs 2 of the first shift register stages are input 

to a combination logic 8, which provides a high output 
on a first output 10 when the pattern 0010 (left to right 
on the stage outputs 2 or 0100 from FIG. 1) is detected 
and a high output on a second output 9 when the pattern 
0001 (left to right in the stage outputs 2 or 1000 from 
FIG. 1) is detected. These are the aforementioned end 
sequences. The first output 10 is provided to an AND 
gate 16 whose other input is high when the zero string 
indicator shift register 15 contains at least one non zero 
bit in the three highest ordered stages. The output of the 
AND gate 16 is input to a decision translator 11 on input 
13, and causes the translator to output a 10 binary pat 
tern on the next two clocks from divider 5. The second 
output 9 from the combination logic is input to a second 
input 12 of the translator 11, and causes the translator to 
output a 11 pattern on the next to clocks from divider 5. 
Unless one of the two inputs 12, 13 are high, the transla 
tor outputs a binary zero on its output 14 when clocked 
by divider 5, which provides, as in Eggenberger, a 
clock every two code bit clocks. 

FIG. 4 is a more detailed schematic of the preferred 
embodiment as shown in FIG. 3. Data from the self 
synchronization subsystem 6 is input into the leftmost 
stage of the end sequence shift register 7. At each clock 
(again from the subsystem 6) the contents of each stage 
copies into the next, left to right. After four clocks, the 
output of the rightmost stage is copied into the leftmost 
stage of the zero string indicatorshift register 15. Again, 
at each clock of the encoded clock from subsystem 6, 
the contents of each stage is copied to the next stage 
right. 
Each stage has both a Q and a Q-not output. The 

stages right to left in the Figure have been labelled "a' 
to "h', to correspond to the labelling used in the Eggen 
berger patent. The Q-not outputs of stages “a” to "c' 
are input to NAND gate 20, whose output is fed to 
AND gate 16. Logically, the output of the NAND gate 
is a-not--b-not--c-not and the input to the AND gate 
will be high if any of stages a-c are non zero. 
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The output of stage f is also input to AND gate 16. 
This output is high when "0100' (FIG. 1) ending se 
quences are present in the shift register. Thus the output 
of AND 16 gate is high when a "0100” W pattern is 
present in stages e-h (0010 in the stages of the Figure, 
left to right) and any of the stages a-c are non Zero. 
Referring to FIG. 1. When element 1 is present in the 
stages e-h, a preceding element end sequence must be in 
stages a-d, and one of "a" or "b' must be non-zero. 
Thus the output of AND gate is high. When element 3 
is present, the beginning sequence comprising a "10" 
pattern is present in stages dc respectively, and "c' is 
high. AND gate's 16 output will be high. Similarly, if 
element 6 is present in stages e-h, its beginning sequence 
of "0010” will be present in stages d-a respectively, and 
stage c will be high. AND gate's 16 output will be high. 
However, when element 5 is present, it beginning se 
quence "00" and the preceding element's ending "00" 
are present in d-a, and the output of AND gate 16 is 
low. 
The output of AND gate 16 is input to an OR gate 21 

whose output is connected to the D input of flip-flop 22, 
which is clocked by synchronous divider 5 (see Eggen 
berger for operation of the divider 5). The synchronous 
divider outputs a clock every time two code bits are 
clocked into the shift registers 7 and 15. Thus when 
AND gate 16 is high, and a clock is received from the 
divider 5, the flip flop's output 14 goes high. After two 
more code bits are clocked in, the output of flip-flop 22 
goes low, because the ending "00' of "0100' will now 
be in stages fe, and the output to AND gate 16 from 
stage f is low. 
Thus, every time the two stages in combination with 

AND gate 16 recognized one of the elements 1, 3 or 6, 
flip flop 22 outputs a binary "10' pattern. If elements 3 
or 6 are present, the clocking in of their beginning se 
quences will result in leading binary zeros being 
clocked out of flip-flop. 22. If element 5 is in the shift 
registers, AND gate 16 never goes high, and three bi 
nary zeros are clocked out corresponding to the six 
code bits of the element. 

Elements 2, 4 and 7 are handled similarly. If their 
ending sequence of “1000” (0001 left to right in the 
Figure) are present in stages h-e, stage e's Q output will 
be high, and stage h's Q-not output will be low. These 
respective outputs are respective inputs to AND gate 
24, whose output is connect both to the OR gate 21 and 
to the D input of flip flop. 26. When the ending sequence 
is present, AND gate 24 is high, the output of the OR 
gate is high, and when a clock is received from divider 
5, flip flops 22 and 26 go high. The output from flip flop 
22 comprises one binary "1" output. After two more 
code bits have been clocked into the registers 7 and 15, 
AND gate 24 is no longer high, but the Q output of flip 
flop 26 is still high, and so is the output of OR gate 21 
because this flip flop's output is input to the OR gate 21. 
Thus, when the clock comes in from divider 5, the 
output of flip flop 22 remains high. This is the second 
binary '1' output. However, as the clock also clocks 
flip flop 26 whose input is connected to now low AND 
gate 24, flip flop 26 goes low and will not act to set flip 
flop 22 for at least another two code bits. 
Summarizing, when the "1000" end pattern is recog 

nized by end sequence shift register 7 and AND gate 24, 
the logic causes flip flip 22 to output two consecutive 
1's or all binary pattern. Elements 4 and 7 beginning 
sequences are not recognized as ending sequences, and 
flip flop 22 outputs zeros at the receipt of a clock from 
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4. 
divider 5, one zero for element 4 with two code bits as 
a beginning sequence, and two zeroes for element 7 
with four code bits as a beginning sequence. 

If flip flop 26 is labelled “j” and flip flop 22 labelled 
"k', the logic for the preferred embodiment is 

jace(h-not) 

The above described circuitry, because it searches 
only for the four-bit code end sequences or a specific 
beginning sequence, can have no more than three con 
secutive binary bits in error for a single code-bit error. 
As mentioned before, the Eggenberger decoder had at 
least a four-bit binary error propagation. 

I claim: 
1. In a variable length 2,7 decoder having a shift 

register with stages "a" to "h" each clocked by an en 
coded clock means connected to a source of coded bits 
having the 2,7 variable length code, the coded bits en 
tering the shift register at stage “h” and being shifted 
successively to lower ordered stages of the shift register 
to the last stage 'a' in response to clocks from said 
clock means, a combination logic means connected to 
predetermined elements of the stages, and a binary out 
put means whose input is connected to the combination 
logic means for outputting binary bits, said binary out 
put means clocked by a divide-by-two clock means 
responsive to said encoded clock means, the improve 
ment comprising: 

a flip flop whose input is connected to said combina 
tion logic means and clocked by said divide-by-two 
clock means, the output of which is connected to 
said binary output means; 

said combination logic means includes means to set 
the flip flop input high when stage 'e' contains a 
code "one' bit and stage h contains a code "zero” 
bit; and 

said combination logic means includes means to set 
the binary output means input high when stage "e' 
contains a code "one' bit and stage 'h' contains a 
code "zero' bit or when stage “f” contains a code 
"one' bit and one of stages 'a' to 'c' contains a 
code "one' bit or when the output of said flip flop 
is high. 

2. In a variable length 2,7 decoder having a shift 
register with stages "a" to “h” each clocked by an en 
coded clock means connected to a source of coded bits 
having the 2,7 variable length code, the coded bits en 
tering the shift register at stage “h” and being shifted 
successively to lower ordered stages of the shift register 
to the last stage 'a' in response to clocks from said 
clock means, a combination logic means connected to 
predetermined elements of the stages, and a binary out 
put means whose input is connected to the combination 
logic for outputting binary bits on an output "k', said 
binary output means clocked by a divide-by-two clock 
means responsive to said encoded clock means, the 
improvement comprising: 

a "j" flip flop means whose input is connected to said 
combination logic means and clocked by said di 
vide-by-two clock means, the output of which is 
connected through said combination logic means 
to the input of said binary output means; and 

and wherein said combination logic means causes the 
output "k" of said binary output means to produce 



4,737,765 5 
a "one' output according to the following logic 
equations: 

O 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 

said "k" output producing a "zero' output when 
clocked when said logic equation is not satisfied and 
wherein "-not' in conjunction with a letter indicates the 
logical complement of the letter, i.e., when "h' is zero, 
"h-not' is one. 
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