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Bit-slice microprocessor-based
communications decoder

For communications decoding, bit-slice microprocessors can be cascaded
to handle variable code sizes with fast throughput rates. Amjad A Soomro,
Sadig M Sait* and Mushfiqur Rahman” explain the operation of an
Am2910-based system designed for this purpose

The hardware design of a bit-slice microprocessor-based
realtime cyclic arror-correcting communications decoder
is presented, A microprocessor-based architecture s
preferred because of fts programmability, low cost and
simplicity of design. To augmen! the throughput of the
decoder for realtime decoding, the ALL word length s
chosen to be equal to that of a code word and the
decading aperation is accomplished in two steps, Le. error
detection and error correction. A buffer memaorny stores
incoming blocks as more than one block may be received
during a decoding cvole. The design s versatile: different
decoding algorithms can be executed by changing the
microprogram. Only simple changes in the desion are
necessany to decode words of longer block length,
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digital communications  decoding

Cyclic ermor comecting codes are classes of codes inwhich
every cyclic shifled version of a code word is also a valid
code word., These codes can be represented by a
generatar polynomial. The cyclic property of these types
of codes has made possible the design of a simple
decoder structure using feedback shift registers.

Other classes of codes exist which are not oyclic but
which are considered to be ‘good’ by virtue of their
properties, which are code efficiency and error correcting
capability, for example. Efficient decoding algorithms do
exist for these codes but have remained in relative
obscurity because their decoders require elaborate
circuitry, offsetting the gains offered by the codes. Thus,
ovclic codes have remained favoured over them.,

In this paper a general microprocessor-based decoder
is proposed, The reasons for using microprocessors in the
design of decoders include programmability, simplicity of
design, easy availability of microprocessors, and low cost
of the devices.

Dammam Computer Center, Rivacdh Bank, PO Box 2965, Damimam
31461, Saud Aralta

"Depanment of Computer Engineering, King Fahd University of Petroleum
and Minerals, KFLIPM #673, Dhabran-31261, Saudi Arabiz
"Department of Electrical Ergineering, University of Petrolewsm and
Minerals, KFUPM #3577, Dhahran-31261, Saudi Arabia

In digital communications, the choice of a suitable
code depends on various system constraints: channel
bandwidth limitations, channel noise characteriztics, data
transmission rate, receiver complexity, cost effectiveness,
etc. A bil-slice microprocessor-based archilecture makes
it passible to adapt the system with minimal changes to
suit the requirements of a new code, or a different
decoding algorithm, or bath. Only if the new code word
tength is greater than the ALL size will the design require
one ormore ALL slices to be added along with associated
changes in bus width, memory word size, etc. This is in
contrast to hardware-oriented design which requires
complete redesign of the system. If the decoding
algorithm remains the same for the new code, the
microprogram essentially remains unchanged except for
minor changes in parameter values and input conditions.
A new decoding algorithm will of course require a new
MECTOEITOREIAm,

Presvious attempts at using microprocessors in realtime
decoding were confronted with two major limitations.
First was the inherent limitation of the processors then
available to handle only words of fixed size, Codes with
larger block lengths had to be partitioned for decoding
purposes on these microprocessors. ALU operation could
be performed on each paritioned block taking into
account the effect of carry-over, ete., from the previous
result. The number of transfers between memony and ALL
in this procedure for very large word lengths severely
limited the performance of such an approach. If the ALLI
word length is made equal to that of the code word, then
asingle gperation can be performed on a code word with
a single instruction, Bit-slice microprocessors are flexible
devices, and their ALU size can be arbitrarily chosen by
cascading an appropriate number of slices. This approach
reduces decoding time considerably.

Second limitation, due to the sequential nature of
these machines, was that only a single instruction could
be executed at a time. Worst-case consideration of the
decoding cycle reveals that such a system would support
a low data rate'. System throughput can be increased
cansiderably by the following strategy, A buffer memaony
may be used to store incoming code words during a
decoding cvcle. A realistic assumplion can be made that
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most of the received words are eror free. This assumption
holds in microwave and cable links, for example. Since in
mosl cases the decoder requires very few oycles to
process received words, the buffer memory would
eventually be emptied. The only requirement is that the
average incoming data rate should be lower than the
average outgoing data rate. The decoder determines
whether these code words are emor free as they are
received, An additional bit representing this information
for each code word is stored in the buffer memaory. At the
beginning of each decoding cydle the decoder checks
whether the received sequence is error free. IF it is ermor
free the decoder does not perform the decoding cyvcle.
This checking takes very few clack cycies.

Below, the details of the hardware design are presented,
For demonstriation  purposes, lthe microprogram  for
information set decoding (ISDF is discussed, The 15D
algorithm is a general example and can be applied to
decode any linear block code, How to generate an {n, &)
systemic linear binary block code and an explanation of
the 15D algarithm can be found in Reference 2. There are
several options available for implementing 15D algorithms,
The parity check matrix H is used to determine a
candidate error pattern and the collection of information
sets is predetermined?,

BIT-SLICE MICROPROCESSOR-BASED DECODER

This section explains the hardware details and operation
of the decoder, A simplified block diagram of the system
is shown in Figure 1. It has three main blocks:

® input porl and emor detector
buffer memory manager (BAMM)
& decoder and output port

Input port and error detector

A separate self-controlled input port and error-detection
subsystem is incomporated in the front end of the systerm.
This unit is synchronized with the received data, and is
independent of the ather units, It performs two operations:

® Receiving seral data and grouping it inta blocks for
decoding purposes.

& Determining whether the received sequence is eror
free.

since both of these operations have to be performed on
every block of a received sequence, a separate unit
relieves the microprocessor from frequent interrupts 1o
perform these tasks, The microprocessor is thus used
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Figure 1. Simplified block diagram of the bit-slice
microprocessor-based decoder

solely for decoding purposes, increasing the system
throughput. A block diagram of the subsystem is given in
Figure 2.

AR register. An incrementer register with clock and reset
inputs, The contents are incremented on every clock
pulse. The reset pin clears the register asynchronously.
The output is used as the address field for the memonry,

K, register. An (n + 1) bit wide register. Al each rising edae
of the clock pulse the serial input is shifted into the most
significant bit (MSB) of R, The M5B of this register is used
as the load (LD} control for register By, The n least
significant bite (L5Bs) are connected to the n M5Bs of

R\'II..I L

R register. An (n — k) bit wide register. This register stores
the partial sums of the H' matix to calculate the
syndrome as the data are heing received, The input is the
sum (modulo-2) of the data from the memaory and its
present contents. The outpul is also connected to an
=k} input OR gate. The RESET pin resets 7,
asynchronously.

R register An n + 1) bitwide register. The n MSBs are
taken from the n LSBs of R, The LSB is taken from the
output of the OR gate. It has tristate outputs which are
connected to the data lines of the buffer memaory,

EFROM H. An n % {n— k&) memory. The H matrix is
armanged by columns. The syndrome is calculated bry
adding the appropriate columns of the H matrix as the
data are being received,

WR fliptiop. A logic 1 output from this flipflop indicates
that a new block has been loaded in R, and is ready to
be read by the buffer memaory manager (BAMM]),

The operation of the circuit is as follows. Assume that prior
to the first rising edge of the dock the register By and the
counter register AR have been cleared. The MSB of R, has
been loaded with the first received bit. The data lines of
the memory now have the first row of H'. Al cach of the
next successive 0 nising edges of the dock the following
changes ooour,

® If the M5B of R, is a 1, the data on DBUS is summed
with the contents of By and the new sum is loaded in B,.

® The AR register/counter is incremented,

® R;is shifted right with the SI input entering the MSE of
Ri.

Thus after n rising edges the register B, will have the
syndrome. The n LSBs of R; have the received sequence.
Fhe MSB of R, has the first bit of the next block. A flag is
available at the output of the OR gate, and a 1 indicates
that the received sequence is a noise comupted code
word, The following operations take place at the nth
falling edge.

® The received sequence is loaded along with the flag in
Rou-

® The AR and Ry registers are cleared.

® The WR flipflop is set.

Before the (n + 1)th rising edge the situation is the same
as before the first rising edge and the cyde repeats,
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Buffer memaory manager

During a decoding cycle several blocks may be received
depending on the data rate 4. These blocks have to be
stored in successive memory locations in the buffer
memory (BM). Furthermore, the decoder should be able
to read blocks from comect memory locations in order,
These functions are performed by the BMM. A simplified
block diagram of the BMM controlleris shownin Figure 3.
Its inputs and outputs are described below,

Inputs
EC):

EC
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EREC

Figure 3,

high indicates that the contents of counters
E¥ and FP are equal (see Figure 4).
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Block diagram showing the buffer memaory

Block ciagram of the mput port and error-detection circui

FREC: high indicates that a block in Ry, is ready to
be stored in the buffer memaory.
CREC: high indicates that the decoder is ready to
read data from B
E: high indicates that the buffer is full,
E high indicates that the buffer is empty,
Outputs
DR: goes to the CC {condition code) multiplexer
of the decoder. Low indicates that the data
are ready on the buffermemaony dats (BMD)
bus,
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WE=INC FP: enables BM to input data and increments
the FP counter,

RO=INC EF; enables BM to cutpur data and increments
the EP counter,

o selects either of the two sources of address

to BM: D selects EP and 1 selects FP.

1 sets F (E} flipflop.

1 clears F (E) flipflop.

SET F{E):
CLE F(Ek

Building blocks

EF and FP are mod M cocked counters, where M is the
capacity of the buffermemaory to hold (n + 1) bit received
sequences. The contents of EP and FP point to the
lercation where the next block is to be read from BM, and
where the next block is to be stored in BM, respectively,
There are m multiplexers (2 % 1), where m is the
number of bits in EP or FP. CL is the combinational logic
which determines if the contents of EP and I'P are equal.
BM stores incoming data. E and F are flipflops with
clocked SET and RESET inputs. A high in [ indicates that
B is empty. A high in F indicates that BAM is full,

Segquence of gperation

The flowchart for the operation of the BMM is shown in
Figure 5. FREQ) is given priority and is checked first, then
EREQY from the decoder. In response to the FREQ high
signal the FF pointer is selected as the address source. WR
and INC FP signals are made high if the F {lipflop is not
high, indicating that BM is not full. The memaory is full if
afterwriting these data the FP pointeris the same as the FP
pointer, The EP pointer points to the location where the
data are still to be read by the decoder. In response to the
ERECY high signal the EP pointer is selected as the address
source, RD=INC EP (Figure 3) is made high if the E flipflop

| BEGIN

4
SET F=EQ

SET E=EQ

Figure 5. Flowchart for the operation of the huffer
memory manager controfler

is not high, indicating that BM is not empty. The memaory
is empty, i.e. the E flipflop is set, if after reading this data
the EP pointer is the same as the FP pointer,

Decoder design

This section explains the design and the operation of the
bitslice microprocessor-based decoder. For detailed
information on these devices referto References 4 and 5.

Figure b shows the block diagram of the design, The left
half of the figure is the microprogram sequencer and the
right half is predominantly the data handling portion, The
microprogram sequencer essentially consists of an instruc-
tion register, controller, microprogram memaory, pipeline
register and CC {condition code) multiplexer. The instruc-
tion register is loaded with the starting address of the
microprogram sequence at power-up or when changing
decoding algorithms. These address lines are connected
to the [ inputs of the Am2910 controller.

The Am2910 selects the next microprogram instruction
to be executed. Instructions are taken from the pipeline
register. The CC multiplexer selects the appropriate
condition inputs determined by a field from the pipeline
register, The Y, outputs of the Am2910 have the next
address which is applied to the address pins of the
microprogram memaory. The microinstruction appears at
the data lines of the memaory and is loaded in the pipeline
register at the next fsing edge of the dock,

The data handling portion of the design consists of the
Am2901 ALL, MAR, H storage memory, MO register,
status register, output register, parity detect combinational
logic and control circuitry for shift operations. Four slices
are cascaded in this design, sufficient for operating on 16-
bit words. The design incorporates two buses: Y bus and
data bus,

Y bus is connected to the Y data output lines of the
AMIY0T It normally carries the F output of the ALL, This
bus is connected to the MAR inputs for the initial address
transfer. A parity detect combinational logic connected to
this bus determines the parity of the bus signals, The
parity flag can be lpaded in the status register. The output
register is also connected to the ¥ hus, The data bus is
connected (o the D inputs of the ALL, The source can
cither be selected from the MO register or data from B,
One of these sources can be selected by enabling
appropnate tistate buffers. Two buffers and one inverter
are connected to form shift control logic. A Oora 1 can be
transferred into the MSB or the LSB of the ALL.

During the decoding process the decoder has to
continually read successive locations in the memory. An
added feature of incrementing/decrementing is therefore
ncluded in the MAR to relieve the ALL from the task of
incrementing or decrementing the MAR, as the case may
be.

A data register MO, connected to the data output lines
of the memory, breaks the critical delay path from the
memaory to the ALL, therehy imposing less restriction on
the speed of the memary,

MICROPROGRAM STRUCTURE
The microprogram instruction format for the design

shown in Figure 6 is 48 bit wide. The function of the
microprogram control bits are described below,
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Figure 6. Simpliticd block diagram of the decaoder

An 8 bit wide field PLO-PLY usually serves as the next
microprogram address and also as an initial count in the
Am2910. PLA-PL1T are the | input of the Am2910 sequencer,
PL12-PL14 are RLD and CCEN control inputs and C input
to the Am2910, PL15-PL18 select one of the condition
codes to be tested, PL19-PL22 are used for the A address
and PLZ3-PL26G for the B address of the Am2901 ALLL
PLZ7-PL29, PL30O-PL32 and PL33-PL35 are for ALU
destination contral, for ALU function control and for
ALU source operand control, respectively, PL36 is the
input 1o the least significant Am2907 slice in the ALLL
PL37 is the bit to be shifted into the M58 or LSB of the ALU
{depending on PL3B). FL39-PLAT serve input to LD, CET
and /D control inputs, respectively, of the binary up/
down counter (Am25L52569) acting as MAR to the H
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storage memaory. PLA7 serves to send a request for a new
block to BMM,

Information set decoding algorithm

The microprogram for the algorithem s given in Figure 7.
To execute the algorithm for a particular code, the (15, 5)
code in this case, covering pattems and coresponding
parity check matrices are calculated initially, These parity
check matiices are stored in the H memary by rows. A
mask for the particular covering pattern follows each
matrix. Eight parity check matrices, cach of them followed
by the mask, are stored in the memory, Each step (micro-
instruction) is described helow,
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Figure 7. Microprogram for information set decoding

Seps 1-5: Data stored in the first three locations of the
memory are loaded into registers Ry, R, and K, respect-
ively. Data stored in the memory are the number of
covering pattems, the starting address for the first parity
check matrix and the error-correcting capability of the
code, respectively, These stales are entered once only,
before the execution of the algorithm,

steps 6 and 7o The MAR is initialized with the starting
address of the first parity check matrix, At the end of these
states, MO will have the first row of the H matnx and MAR
will be addressing the second. A copy of Ry is made in R,

Steps 8 and 9 Check and wait until BM is not emply and
then read the received sequence in K.

Steps 10 and 17: Determine whether the received
sequence is erroncous or not. If errar-free B0 To state 37;
else, continue.

step 12; Initialize the controller to execute the next lovcap
ten times; also initialize R,,.
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Steps 13-17: Calculate a syndrome of the received
sequence by executing this loop ten times. Each time 2
syndrome is computed a different parity check matrix is
used. At the end of this loop the syndrome will be in Ry,
ard By,

Step 78: Initialize the controller to execute the next loop
Len times,

Steps 19-22: Calculate the weight of the syndrome by
executing this loop ten Limes. Ry will contain the weight at
the end of this loop.

Steps 23 and 24: Check whether the weight of the
syndrome is less than ar equal to the error-correcting
capability of the code. If ves, go Lo state 30; else, continue.

Steps 25-27: Increment MAR to point to the first row of
the next parity check matrix. Determine whether all the
parity sets have been exhausted. If yes, continue; else, po
for slate 12

Steps 28 and 2% Qutput the received seuUEnce with
an emor flag in the LSB of the OR register, and go to
stale i,

steps 30 and 31: Fetch the mask for the present parity
check matrix in Ry, Initialize the controller lo execute the
next loop ten times,

Steps 32-35; Calculate the error pattern by adding the
appropriate rows of the | matrix and ANDing with the
mask. This loop is executed ten times at the end of which
Ry contains the error pattem.

Step 36: Calculate the code word by summing the
received sequence with the eror pattern,

Steps 37 andd 38: Output the code word with no-eror flag
and go o state 6,

DECODING TIMES AND MEMORY REQUIREMENT

The total time {in seconds) Lo decode at the ith informa-
tion set can be calculated and shown 1o he?

o= 1+ H7 + 750 - k] + 35— % 10

The memory required to store the parity check matrices is
given by alk + 1N, wheie N, is the number of
Lovering pattems for the (n, k) code. For a {15, 5) triple-
errar-corecling code a memory of 640 bit is needed, and
foral4a, 24) five-emor-corecting code ~108 kbit needs to
be stored. The buffer memory requirements have heen
studied against several system parameters. The solution
to the mathematical gueueing model of the buffer and
the resulls of the study are available in Reference b, The
results show that the buffer Memory requirements ang
modest even for high data rates and high bit-error proba-
bility. For example, with a data arrival rate of 960 khit s~
and a bit error probability of 1077 for a (48, 24) quadratic
residue code with the information set decoding algorithm,
the required buffer size was found to be 12.3 kit with an
overflow probability of less than 1072% If the data rate
decreases, the required buffer size decreases,
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CONCLUSIONS

A bit-slice microprocessor-based architecture to decode
linear block codes has been described, The error-detection
and buffer memaory management functions are assigned
to front-end hardware logic. The resulting improvementin
perdormance is considerable for relatively simple hardware
additions. Study of the buffer memory reguirements
shows that the requirements are modest and do not
therefore invalve a major hardware addition. For smaller
block lengths to be handled by the decoder, parameter
changes in the microprogram and syndrome sequencer
are required. The same design concept can be used 1o
implement decoders for larger codes.
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