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Abstract- Multi-Dimensional Parity Check (MDPC) code is an
error correcting code which has been widely used for wireless
communications under low error rate environment. In this study,
a low-power processor for MDPC code processing is introduced
and evaluated. Through experimental results, the proposed pro-
cessor achieves about 90% lower in energy consumption com-
pared with an implementation by a canonical RISC processor.

I. Introduction

Since size and battery capacitance of a small portable em-
bedded system are limited, it is required that hardware in
the system is small area and low power consumption. In re-
cent years, with the advance of information technology, small
portable embedded systems often have wireless communica-
tion. Therefore, in order to communicate in correct, error de-
tecting and correcting method are important for small portable
embedded systems. There is a method to detect and correct er-
rors by using error correcting code [1]. Error correcting code
adds redundant bits to input data, and corrects errors. For ex-
ample, Multi-Dimensional Parity Check (MDPC) code [2] and
extended hamming code [1] are widely used in wireless com-
municating systems.

Error correcting codes calculate code word from informa-
tion symbol, and the code word is transmitted to recipient.
Then, recipient receives code word and calculates error posi-
tion information. Finally, detect and correct errors.

Generally, code generation units are designed to calculate
code word in short time for each Error Check Code (ECC) and
word length.

However, in MDPC code, code generation units for even
a certain word length can calculate code word with different
word length by calculating recursively.

Note that MDPC code includes a lot of bitwise computa-
tions. Since, a general purpose processor generally does not
have bitwise operations, it spends many cycles and large power
consumption to encode and decode.

∗At present, Fuji Xerox Co., Ltd

One of idea to reduce energy consumption is to use a spe-
cific accelerator. However, MDPC implementation with spe-
cific accelerator also spends many execution cycles and en-
ergy because of the overheads on sending and receiving data
between processor and specific accelerator[3].

[3] reports MDPC implementation with Application domain
Specific Instruction set Processor (ASIP) is effective in encode,
but experimental result in decode is not shown. In this paper,
we design a MDPC implementation using ASIP, and evaluate
effectiveness not only in encode but also in decode.

The rest of this paper is organized as follows. Section II
introduces MDPC code. Then, proposed low-power proces-
sor is introduced in section III. Section IV shows experimental
result. Finally, section V concludes this paper and indicates
future problem.

II. Error Correcting Code

This section introduces encoding and decoding in MDPC
code.

MDPC code adds AM bit into AM bit information symbol.
MDPC code can corrects one bit error and detects two bit er-
rors where M ≥ 4 [2].

A. Encode

Let AM be the length of information symbol X, and let{
ui1,...,iM , i j ∈ {1, . . . , A}

}
be components of X. In this case,

MDPC code pm, j is calculated as follows.

pm, j =
∑

i1,...,im−1

∑

im+1,...,iM

u(i1,...,im−1), j,(im+1,...,iM) (1)

Where m = 1, . . . ,M and j = 1, . . . , A. Note that additions in
this equation are bit exclusive OR operations.

B. Recursiveness in MDPC code

Since MDPC code has recursiveness, code word is easily
generated. This paragraph shows an example of the recursive-
ness where A = 2 and M = 2 or M = 3.
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Fig. 1. MDPC code computing where A = 2,M = 2

MDPC code with A = 2,M = 2 is computed as follows.

p1,1 =
∑

i2

u1,i2 = u1,2 ⊕ u1,1 (2)

p1,2 =
∑

i2

u2,i2 = u2,2 ⊕ u2,1 (3)

p2,1 =
∑

i1

ui1,1 = u2,1 ⊕ u1,1 (4)

p2,2 =
∑

i1

ui1,2 = u2,2 ⊕ u1,2 (5)

Fig. 1 shows relations between MDPC code pm, j and infor-
mation symbol X. In Fig. 1, u1,1, . . . , u2,2 indicate informa-
tion symbol X and p1,1, . . . , p2,2 are MDPC code pm, j added
to information symbol X. Moreover, ⊕ represents information
symbol u1,1, . . . , u2,2 which are required to compute Pm, j.

MDPC code with A = 2 and M = 3 is computed as follows
by eq. (1).

p1,1 =
∑

i2,i3

u1,i2,i3 = u1,2,2 ⊕ u1,2,1 ⊕ u1,1,2 ⊕ u1,1,1 (6)

p1,2 =
∑

i2,i3

u2,i2,i3 = u2,2,2 ⊕ u2,2,1 ⊕ u2,1,2 ⊕ u2,1,1 (7)

p2,1 =
∑

i1

∑

i3

ui1,1,i3 = u2,1,2 ⊕ u2,1,1 ⊕ u1,1,2 ⊕ u1,1,1 (8)

p2,2 =
∑

i1

∑

i3

ui1,2,i3 = u2,2,2 ⊕ u2,2,1 ⊕ u1,2,2 ⊕ u1,2,1 (9)

p3,1 =
∑

i1,i2

ui1,i2,1 = u2,2,1 ⊕ u2,1,1 ⊕ u1,2,1 ⊕ u1,1,1 (10)

p3,2 =
∑

i1,i2

ui1,i2,2 = u2,2,2 ⊕ u2,1,2 ⊕ u1,2,2 ⊕ u1,1,2 (11)

Fig. 2 shows relations between MDPC code pm, j and infor-
mation symbol X where A = 2 and M = 3.

Parts of computing patterns of A = 2,M = 3 (enclosed by
dotted square in Fig. 2) are the same as computing patterns of
A = 2,M = 2 (Fig. 1). This fact means that specific hardware
for MDPC code with M = n can be used as the calculating
MDPC code with M = n + 1.

Fig. 2. MDPC code computing where A = 2,M = 3

C. Decode

A code word which is transmitted by sender is denoted by Y
and a code word received by recipient is denoted by Y ′. In
order to detect or correct errors in Y ′, comparison between
MDPC code in received code word pm, j and MDPC code which
is computed from Y ′, denoted by p′m, j, is required.

The same specific hardware that used in encoding can be
used for decoding because computing MDPC code from re-
ceived code word Y ′ in decoding.

An example of decoding MDPC code where A = 2, M = 4
is shown in the below. In this case, m = 1, . . . , 4, and j = 1, 2.
Furthermore, calculate exclusive OR between pm, j and p′m, j,
and the block which j = 1 is denoted by p′pm,1

, j = 2 is denoted
by p′pm,2

1. p′m, j XOR pm, j = ”00000000”
In the case that result of exclusive OR between pm, j and
p′m, j equals to 0, there is no error in the received code
word Y ′.

2. p′pm,1
XOR p′pm,2

= ”1111”
In the case that for all m, either j = 1 or j = 2 bit in all
bits of p′m, j is inverted MDPC code pm, j, there is one error
in the received code word Y ′. Moreover, the inverted bits
in j = 2 indicate the position where error occurred. For
instance, there is an error at the third bit in the information
symbol part in the received code word Y ′, result of p′m, j
XOR pm, j indicates 3 in binary as follows.

p′4,2, . . . , p
′
1,2 = ”0011” (12)

3. p′pm,1
XOR p′pm,2

= ”0001”, ”0010”, ”0100”, or”1000”
In the case that for the all m in p′m, j, only one bit either
j = 1 or j = 2 is inverted, there is one error in the MDPC
code part of the received code word Y ′. In this case, error
correction is not be required because no error in informa-
tion symbol in the received code word Y ′.

4. Not included in any cases in the above, there are errors
more than two bits in the received code word.
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TABLE I
Instruction Set of BrownieMicro 16

Operation class Operation
Arithmetic Op ADD, SUB, Arith shift
Logical Op AND, OR, XOR,

NOT, Logical shift
Comparison Op Equal, Not equal, Unsigned Comp
Immediate Op ADD, Logical shift,

Load Immediate
Bit Op Bit set, clear bit, Bit test
Load/Store Op Load half word, Store half word
Branch Op Branch
Jump Op Immediate jump, Indirect jump
Interrupt Op TRAP, RETI
Special Op NOP, SLEEP

Fig. 3. Proposed Processor Architecture

III. Proposed Processor Architecture forMDPC Code

This section introduces a processor architecture specified
for MDPC code processing. The proposed processor is de-
signed by adding specific instructions and hardware to a pro-
cessor, Brownie Micro 16 provided by ASIP Solutions, Inc.
We designed the proposed processor using application domain
specific instruction set processor development system, ASIP
Meister [4] [5] [6]. Table I shows instruction set of Brownie
Micro 16, and Fig. 3 shows the proposed processor architec-
ture.

A. Custom Instructions for MDPC Code

We added custom instructions for MDPC code to Brownie
Micro 16. This section explains the behavior of the proposed
instructions.

MDPCGEN (MDPC Generate)
MDPCGEN operation computes MDPC code on 16 bit
specific hardware and 4 bit counter that holds word num-
ber x. By repeating this instruction n times, 16 × n bit

MDPC code is computed. Two General purpose registers,
denoted by rd and rs, are operand fields for this operation.
The x-th word is stored to rs and a result of x − 1 times
repeated MDPCGEN operations stored to rd. First, com-
pute MDPC code using an information symbol in rs, and
aggregate with MDPC code in rd. Second, compute 16
bit parity of the information symbol in the rs, then aggre-
gate with MDPC code in rd according to the value of the
4 bit counter.

MDPCCHK (MDPC Check)
MDPCCHK operation identifies that MDPC code in the
received code word pm, j includes error or not and com-
putes error position. Two General purpose registers, de-
noted by rd and rs, are operand fields for this operation.
Received MDPC code pm, j is stored to rd and computed
MDPC code p′m, j, which is computed MDPC code from
Y ′, is stored to rs. This operation creates the 14th and
15th bits of rd which mean type of error. The 14th and
15th bits equal ”00” where there are no errors, ”01” where
there is one error in the part of information symbol of re-
ceived code word Y ′, ”10” where there is one error in the
part of computed MDPC code p′m, j , ”11” where there are
more than two errors. Moreover, the 0th . . . 7th bits indi-
cate the position where error occurred.

MDPCFIX (MDPC FIX)
MDPCFIX operation corrects one bit error according to
the result of MDPCCHK operation. Two General purpose
registers, denoted by rd and rs, are operand fields for this
operation. A 16 bit word which involves one bit error
is stored to rd and the result of MDPCCHK operation is
stored to rs. The 0th . . . 3rd bits in rs indicate error posi-
tion of the 16 bit word stored to rd. This operation inverts
one bit in rd according to error information in rs. Before
executing this operation, the word which involves one bit
error must be identified by RISC instructions according
to the result of MDPCCHK operation.

MDPCINIT (MDPC Initialize)
MDPCINIT operation initializes 4 bit counter for MDPC-
GEN operation. This operation must be executed before
MDPCGEN operation.

LDI (Load and Increment)
LDI operation increments specific register LDIREG and
loads data from a memory according to the value of
LDIREG. Operand field for this operation is a general
purpose register, which is denoted by rd. This operation
loads data from a memory and stores to rd. This opera-
tion can decrease execution cycles since both address in-
crement and data load are executed at once in the situation
that data stored to consecutive addresses.

LDIST (LDI register Store)
LDIST operation sets an initial setting to specific register
LDIREG. In order to execute this operation, an address
required to be stored to LDIREG sets to operand field.
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TABLE II
Area and Power of the Processors

Area[μm2] Power[μW/MHz]
BM-16 61,398 40.95
ASIP 72,532 46.59

(+18.1%) (+13.8%)

TABLE III
Max Frequency of the Processors

Max frequency[MHz]
BM-16 201.6
ASIP 188.7

(-6.4%)

DBRNZ (Decrement and Branch if Non Zero)
DBRNZ operation decrements general purpose register
GPR5 and does indirect jump by the value of GPR5.
Sign-extended operand const is added to PC if the value
of GPR5 is not equals 0. This operation can decrement,
determine loop counter, and do indirect jump at once.

IV. Experiments

This section introduces experimental result for evaluating
the proposed ASIP for MDPC code.

A. How to Experiment

We evaluated the proposed ASIP by comparing with
Brownie Micro 16. In the experiment, execution cycle, energy
consumption, area, power, and maximum frequency were com-
pared. Operation voltage and frequency of both processors are
1.8V and 100MHz. In order to measure execution cycle, we
simulated programs which encode and decode 16, 32, 64, 128,
and 256 bit information symbol on each processor.

In this paper, we use MDPC code with A = 2 because infor-
mation symbol consists of multiple of 16 and Brownie Micro
16 is a 16 bit processor. In this case, information symbol is 2m

bit, and multiple of 16 is involved in 2m.

B. Experimental Result

1. Area, Power Consumption, Maximum Frequency
Table II and III show comparison on area, power, and
max frequency with Brownie Micro 16 and proposed
ASIP. Furthermore, numbers in parenthesis of Table II
and III indicate percentage of increase or decrease com-
pared with Brownie Micro 16.

Area was estimated from RTL description by logic syn-
thesis using Synopsys’s Design Compiler and 0.18μm

TABLE IV
Execution Cycle for Encode [cycles]

input data [bit] BM-16 ASIP
16 115 20 (-82.6%)
32 160 26 (-83.8%)
64 248 38 (-84.7%)

128 406 62 (-84.7%)
256 772 110 (-85.8%)

TABLE V
Execution Cycle for Decode [cycles]

input data [bit] BM-16 ASIP
16 157 36 (-77.1%)
32 202 42 (-79.2%)
64 290 54 (-81.4%)

128 448 78 (-82.6%)
256 814 126 (-84.5%)

CMOS library. Constraint of logic synthesis was mini-
mum area and its frequency was set to 100MHz. Power
consumption was estimated by switching information of
circuit obtained from gate level simulation of repeating to
encode and decode MDPC code using Mentor’s Model-
Sim.

Compared with Brownie Micro 16, proposed ASIP is
18.1% larger in area and 13.8% upper in power con-
sumption because MDPC code specific hardware and 4
bit counter for MDPCGEN instruction, and 16 bit register
for LDI instruction are added.

2. Execution Cycle
Table IV shows execution cycle for encoding MDPC code
16, 32, 64, 128, and 256 bit, and Table V shows execution
cycle for decoding and fixing one bit error.

Numbers in parenthesis of Table IV and Table V indicate
percentage of decreasing compared with implementation
only by RISC instructions.

By using custom instructions, execution cycle is de-
creased 82.6% to 85.8% in encode and 77.1% to 84.5%
in decode.

3. Energy Consumption
Energy consumption is computed from execution cycle,
power consumption, and frequency of operation. Let
N[cycles] be execution cycle for encoding and decoding,
P[μW] be power consumption, and f [MHz] be frequency
of operation. By using these symbols, energy consump-
tion E[nJ] can be computed as follows.

E = PN
1
f

(13)
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TABLE VI
Energy for Encode [nJ]

input data[bit] BM-16 ASIP
16 4.83 0.93 (-80.7%)
32 6.67 1.21 (-81.9%)
64 10.16 1.77 (-82.6%)

128 16.63 2.89 (-82.6%)
256 31.61 5.12 (-83.8%)

TABLE VII
Energy for Decode with one bit error correction [nJ]

input data[bit] BM-16 ASIP
16 6.55 1.68 (-74.4%)
32 8.39 1.96 (-76.7%)
64 11.88 2.52 (-78.8%)

128 18.35 3.63 (-80.2%)
256 33.33 5.87 (-82.4%)

In eq. (13), 1
f indicates clock cycle, and 1

f = 1.0×10−8[s]
because f = 100[MHz] in this experiment.

Table VI, VII, and VIII show energy consumption for en-
coding or decoding 16, 32, 64, 128, and 256 bit informa-
tion symbol. Energy consumption for encoding is shown
in the Table VI, for decoding with one bit error correcting
is shown in the Table VII, and for decoding without error
correction is shown in the Table VIII.

Numbers in parenthesis of Table VI, VII, and VIII in-
dicate percentage of decreasing compared with Brownie
Micro 16.

By using the proposed custom instructions, energy con-
sumption 80.7% to 83.8% in encode process, 74.4% to
82.4% in decode process with one bit error correction,
and 76.7% to 83.1% in decode process without error cor-
rection.

C. Discussion

Note that the proposed processor is superior to Brownie Mi-
cro 16 in terms of energy consumption, while power consump-
tion is inferior, because energy consumption is more affected
by execution cycle than power consumption.

The overhead in area, power and max frequency of the pro-
posed processor are inferior to that of Brownie Micro 16, but
the difference is not critical for small portable embedded sys-
tems.

According to these experimental results, energy consump-
tion for encoding and decoding decreased significantly by de-
signing processor with specific instructions for MDPC code.

TABLE VIII
Energy for Decode without error correction [nJ]

input data[bit] BM-16 ASIP
16 5.41 1.26 (-76.7%)
32 7.25 1.54 (-78.8%)
64 10.73 2.10 (-80.5%)

128 17.20 3.21 (-81.3%)
256 32.19 5.45 (-83.1%)

V. Conclusions

This paper introduced a processor architecture specified for
MDPC code processing. The proposed custom instructions for
MDPC code decrease execution cycles and energy consump-
tion for encoding and decoding.

In future, we will develop an accelerator for MDPC code
and add experimental comparison using the accelerator.
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