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(57) Abstract: A control system for an internal combustion engine, the
internal combustion engine includes a plurality of cylinders configured
to perform combustion in a firing order set in advance. The number of
the plurality of cylinders is an even number equal to or larger than four.
The control system includes actuators, and at least one arithmetic unit
with at least two cores. The actuators are respectively provided in the
plurality of cylinders. The two cores are configured to respectively con-
trol the operations of the actuators of the plurality of cylinders. One of
the two cores is allocated to the actuators of a first cylinder group. The
other of the two cores is allocated to the actuators of a second cylinder
group. The first cylinder group is a group formed by the cylinders, the
firing order of which is odd number order. The second cylinder group is
a group formed by the cylinders, the firing order of which is even num-
ber order.
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CONTROL SYSTEM FOR INTERNAL COMBUSTION ENGINE WITH A DUAL-CORE CONTROL UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a control system for an internal combustion engine.

2. Description of Related Art

[0002] For example, Japanese Patent Application Publication No. 4-318253 (JP
4-318253 A) discloses a conventional control system in which six arithmetic units
respectively corresponding to cylinders of a six-cylinder engine are provided.  With the
control system, the operations of actuators such as a fuel injection valve, an exhaust valve,
a starting valve, and a cylinder lubricating device provided for each of the cylinders can be
controlled in units of the cylinders. Therefore, even when the arithmetic unit allocated to
the actuator of a certain cylinder breaks down, the operation of the internal combustion

engine can be continued by the other normal arithmetic units.

SUMMARY OF THE INVENTION
{0003] Incidentally, the order of combustion performed in the cylinders and timing of
the combustion are set such that intervals of the combustion are fixed when all the
actuators and the arithmetic units are normally operated. Therefore, in the control system,
it is likely that the intervals of the combustion are not fixed when the actuation of the
arithmetic unit allocated to the broken-down cylinder is-stopped. Specifically, when the
arithmetic unit allocated to one cylinder in the six-cylinder engine breaks down, the
actuation of the arithmetic units of the other five cylinders is continued. Then, since the
intervals of the combustion are not fixed after the breakdown, engine vibration increases
and affects drivability of a driver. _
[0004] The invention provides a control system for an internal combustion engine
capable of continuing operation without increasing engine vibration even when the
actuation of a part of a plurality of arithmetic units is stopped. |
[0005] A control system for an internal combustion engine according to a first aspect of
the invention, the internal combustion engine includes a plurality of cylinders configured

to perform combustion in a firing order set in advance. The number of the plurality of
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cylinders is an even number equal to or larger than four. The control system includes
actuators, and two arithmetic units. The actuators are respectively provided in the
plurality of cylinders. The two arithmetic units are configured to respectively control the
operations of the actuators of the plurality of cylinders. One of the two arithmetic units is
allocated to the actuators of a first cylinder group. The other of the two arithmetic units is
allocated to the actuators of a second cylinder group. The first cylinder group is a group
formed by the cylinders, the firing order of which is odd number order. The second
cylinder group is a group formed by the cylinders, the firing order of which is even number
order.

[0006] According to this aspect, even when the actuation of the arithmetic unit
allocated to the cylinder belonging to one cylinder group of the first cylinder group and the
second cylinder group is stopped, it is possible to keep intervals of the combustion fixed
w.ith the arithmetic units allocated to the cylinders belonging to the other cylinder group.
Therefore, it is possible to reduce engine vibration that occurs when the intervals of the
combustion are non-uniform.

[0007] In the control system according to the first aspect of the invention, the internal
combustion engine may be a V-6 engine including two banks or a horizontally opposed
six-cylinder engine including two banks. The cylinders belonging to the first cylinder

group may be provided in the bank different from the bank in which the cylinders

belonging to the second cylinder group are provided.

[0008] | According to this aspect, in the V-6 engine or the horizontally opposed
six-cylinder enginé including the two ‘banks, when the actuation of the arithmetic unit
allocated to the cylinder belonging to one cylinder group of the first cylinder group and the
second -cylinder group is stopped, it is possible to stop the combustion in the bank
corresponding to the arithmetic unit. That is, it is possible to perform combustion control
in units of the banks.

[0009] In the control system according to the first aspect of the invention, the internal
combustion engine rhay be a V-8 engine including two banks or a horizontaliy opposed
eight-cylinder engine including two banks. The cylinders belongiﬁg to the first cylinder
group and the cylinders belonging to the second cylinder group may be provided in each of
the two banks, the cylinders belonging to the first cylinder group and the cylinders

belonging to the second cylinder group being the same in number.
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[0010] According to this aspect, in the V-8 engine or the horizontally opposed
eight-cylinder engine including the two banks, when the actuation of the arithmetic unit
allocated to the cylinder belonging to one cylinder group of the first cylinder group and the
second cylinder group is stopped, it is possible to cancel engine vibration between the two
banks.

[0011] A control system for an internal combustion engine accordihg to a second
aspect of the invention, the internal combustion engine includes a plurality of cylinders
configured to perform combustion in a firing order set in advance. The control system
includes actuators, and a plurality of arithmetic units. The actuators are respectively
provided in the plurality of cylinders. The number of the plurality of arithmetic. units is
an even number satisfying a condition that the number is larger than 2 and equal to or
smaller than n/2. Here, n is the number of the plurality of cylinders. The plurality of
arithmetic units are configured to respectively control the operations of the actuators of the
plurality of cylinders. The plurality of arithmetic units are divided into arithmetic units
belonging to a first arithmetic unit group and arithmetic units belonging to a second
arithmetic unit group different from the first arithmetic unit group. The arithmetic units
belonging to the first arithmetic unit group are allocated to the actuators of a first cylinder
group. The arithmetic units belonging to the second arithmetic unit group are allocated to
the actuators of a second cylinder group. The first cylinder group is a group formed by
the cylinders, the firing order of which is an odd number order. The second cylinder
group is a group formed by the cylinders, the firing order of which is an even number
order. The plurality of arithmetic units are configured to, when the actuation of a speciﬁc
arithmetic unit belonging to the first arithmetic unit group or the second arithmetic unit
group is stoppéd, stop the actuation of the arithmetic units belonging to the arithmetic unit
group the same as the arithmetic unit group to which the épeciﬁc arithfnetic unit belongs

and continue the actuation of the arithmetic units belonging to the arithmetic unit group

~ different from the arithmetic unit group to which the specific arithmetic unit belongs.

[0012]  According to the aspect, even when the actuation of a specific arithmetic unit
among m arithmetic units is stopped, it is possible to keep intervals of combustion fixed
with the arithmetic units belonging to an-arithmetic unit group different from an arithmetic
unit group to which the specific arithmetic unit belongs. Therefore, it is possible to

reduce engine vibration that occurs when the intervals of the combustion are non-uniform.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Features, advantages, and technical and industrial significance of exemplary
embodiments of the invention will be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is a diagram schematically showing the configuration of a parallel arithmetic unit;
FIG. 2 is a diagram for explaining allocation of cores in a first embodiment;
FIG. 3A is a diagram for explaining intervals of combustion during normal operation;
FIG. 3B is a diagram for explaining intervals of combustion in the case of a breakdown of a
second core;
FIG. 4A is a diagram for explaining allocation of cores to an inline four cylinder engine;
FIG. 4B is a diagram for explaining allocation of cores to a V-6 engine;
FIG. 4C is a diagram for explaining allocation of cores to a V-8 engine;
FIG. 4D is a diagram for explaining allocation of cores to a W-12 engine;
FIG. 5 is a diagram for explaining allocation of cores in a second embodiment;
FIG. 6 is a diagram for explaining intervals of combustion in the case of a breakdown of a
second core; and

FIG. 7 is a diagram for explaining allocation of four cores to a W-12 engine.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] Control systems in embodiments of the invention are explained below with
reference to the drawings. Note that common components in the figures are denoted by
the same reference numerals and signs and redundant explanation of the components is
omitted. The invention is not limited by the embodiments explained below. _

[0015] First, a first embodiment is ‘ex.plained. | A control system for an internal
combustion engine in the first embodiment includes an inline six-cylinder engine mounted
on a vehicle or the like and a parallel arithmetic unit configured to calculate a control target
value of an actuator for control of the engine. There is no limitation on types of engines
to which the control system in this embodiment is applied. The control system in this
embodiment can be applied to various engines such as a gasoline engine, a diesel engine, a
natural intake engine, and a supercharging engine. An injector (a control target value: a
fuel injection amount, a fuel injection period) provided for each of the cylinders of\ the
engine is included in the actuator in the control system in this embodiment. In an engine

in which an ignition plug is provided for each of the cylinders, the ignition plug (a control
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target value: an ignition period) is also included in the actuator. In an engine in which a
throttle valve of an electromagnetic drive type, a tumble control valve (TCV), or a swirl
control valve (SCV) is provided for each of cylinders, the throttle valve (a control target
value: throttle opening), the TCV (a control target value: TCV opening), or the SCV (a
control target value: SCV opening) is also included in the actuator.

[0016] FIG. 1 is a diagram schematically showing the configuration of the parallel
arithmetic unit. Various kinds of information concerning an operation state and an
operation environment of the engine are input to a parallel arithmetic unit 100 from a
plurality of sensors included in the-engine. The parallel arithmetic unit 100 calculates, on
the basis of the information, control target values instructed to actuators. The parallel
arithmetic unit 100 is a parallel arithmetic unit of a dual core type including two cores
(arithmetic units), i.e., a first core 102 and a second core 103. The cores 102 and 103
include central processing units (CPUs) 104 and 105 and caches 106 and 107. In local
memories 108 and 109, various computer programs to be executed by the CPUs 104 and
105 and various data to be used during execution of the computer programs are stored.
The cores 102 and 103 are connected to each other by a bus 110. Communication is
performed between the cores 102 and 103 through the bus 110. Although not shown in
the figure, a cache shared between the cores is also connected to the bus 110.

[0017] FIG. 2 is a diagram for explaining allocation of the cores 102 and 103. Note
that, in this embodiment, like a general inline six-cylinder engine, the engine is set such

that a first cylinder, a fifth cylinder, a third cylinder, a sixth cylinder, a second cylinder,

~and a fourth cylinder fire in this order. In FIG. 2, #1 to #6 represent cylinder numbers of

the engine. As shown in FIG. 2, the first core 102 is allocated to the first, second, and
third cylinders that fire in odd numbered places and the second core 103 is allocated to the
fourth, fifth, and sixth cylinders that fire in even numbered places. That is, control target
values of the actuators provided in the cylinders that fire in odd numbered places are
calculated by the first core 102 and control target values of the actuators provided in the
cylinders that fire in even numbered placeé are calculated by the second core 103. Note
that, in this embodiment, the "even numbered places" and the "odd numbered places" are
set on the basis of the first cylinder. However, the "even numbered places”" and the "odd
numbered places" can also be set on the basis of any cylinder among the second to sixth

cylinders.
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[0018] With the parallel arithmetic unit 100 including the first core 102 and the second
core 103, it is possible to reduce a calculation load per one core. Therefore, it is possible
to improve calculation speed of the arithmetic unit as a whole. In particular, in the
parallel arithmetic unit 100, the core allocated to the cylinders (the first, second, and third
cylinders) that fire in odd numbered places and the core allocated to the cylinders (the
fourth, fifth, and sixth cylinders) that fire in even ‘numbe.red places‘ are different.
Therefore, calculations of control target values of the actuators provided in the cylinders
that fire in adjacent firing periods are performéd in the different cores. There is an
advantage that a reduction effect of the calculation load is high. If calculations of the
same amount are processed, calculation frequencies of the cores can be reduced in the
parallel arithmetic unit of a dual core type compared with an arithmetic unit of a single
core type. Power efficiency of the cores is further deteriorated as calculation frequencies
are higher. Therefore, with the parallel arithmetic unit 100, it is also possible to further
improve power efficiency of the arithmetic unit as a whole than the arithmetic unit of the
single core type.

[0019] In addition, with the control system in the first embddiment, it is possible to
keep the intervals of the combustion fixed. FIGS. 3A and 3B are diagrams for explaining
the intervals of the combustion. FIG. 3A shows combustion intervals during normal
operation. During the normal operation, the first core 102, the second core 103, the
sensors, and the. actuators normally operate. Therefore, the cylinders fire in the order
explained above and combustion intervals of the cylinders are fixed. FIG. 3B shows
combustion intervals in the case of a breakdown of the second core 103. As shown in
FIG. 3B, when the second core 103 breaks down, although the calculation of a control
target value by the second core 103 is not performed, the calculation of a control target
value by the normal first core 102 is continued. That is, reduced cylinder operation by the
cylinders (the first, second, and third cylinders) allocated with the first core 102 1is
performed. During the reduced cylinder operation, the combustion intervals of the
cylinders are fixed, although wider than the combustion intervals during the normal
operation. Therefore, it is possible to reduce engine vibration that occurs when the
intervals of the combustion is non-uniform, and to minimize deterioration in drivability.
Note that the effect shown in FIG. 3B can also be obtained when the actuation of one of

the two cores is actively stopped. In this case, an effect can also be obtained that it is,
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possible to reduce the number of the cores, which calculate control target values, and
reduce power consumption of the arithmetic unit as a whole.

[0020] Note that, in the first embodiment, the first core 102 and the second core 163

are equivalent to the "arithmetic unit" in the first aspect.

[0021] Incidentally, in the example explained in the first embodiment, the inline

six-cylinder engine is used. However, other engines in which the number and the array of
cylinders are varied can also be used. FIGS. 4A to 4D are diagrams for explaining

modifications of the first embodiment. Note that, in FIGS. 4A to 4D, #1 to #12 represent

cylinder numbers of various engines. FIG. 4A is a diagram for explaining allocation of
cores to an inline four cylinder engine. Note that, in the engine, a first cylinder, a third

cylinder, a fourth cylinder, and a second cylinder fire in this order. In this case, the first

core 102 is allocated to the ﬁrsf and fourth cylinders that fire in odd numbered places and

the second core 103 is allocated to the second and third cylinders that fire in even

numbered places. Consequently, it is possible to keep. the intervals of the combustion

fixed in both of the normal operation and the reduced cylinder operation. Therefore, the

same effects as those of the first embodiment can be obtained. FIG. 4B is a diagram for

explaining allocation of corers to a V-6 engine. Note that, in the engine, a first cylinder, a

fifth cylinder, a third cylinder, a sixth cylinder, a second cylinder, and a fourth cylinder fire

in this order. In this case, the first core 102 is allocated to the first to third cylinders that

fire in odd numbered places and the second core 103 is allocated to the fourth to sixth

cylinders that fire in even numbered places. Consequently, the same effects as those of

the first embodiment can be obtained. In addition, it is possible to perform control in

units of banks (a first bank 121 and a second bank 122). Therefore, when the control is

combined with the active reduced cylinder operation, it is possible to efficiently reduce

power c’onsur'_nption of the arithmetic unit as a whole. Note that the allocation of the cores
shown in the figure can also be applied to a horizontally opposed six-cylinder engine.

FIG. 4C is a diagram for explaining allocation of cores to a V-8 engine. Note that, in the

engine, a first cylinder, an eighth cylinder, a sixth cylinder, a second cylinder, a seventh

cylinder, a third cylinder, a fdurth cylinder, and a fifth cylinder fire in this order. In this

case, the first core 102 is allocated to the first, fourth, sixth, and seventh cylinders that fire

in odd numbered places and the second core 103 is allocated to the second, third, fifth, and

eight cylinders that fire in even numbered places. - Consequently, the same effects as those

of the embodiment can be obtained. In this case, in the left and right banks (the first bank
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121 and the second bank 122), the number of cylinders that fire in odd numbered places is
set equal to the number of cylinders that fire in even numbered places. Consequently,
vibration can be cancelled between the left and right banks (the first bank 121 and the
second bank 122) during the reduced cylinder operation. Note that the allocation of the
cores shown in the figure can also be applied to a horizontally opposed eight-cylinder
engine. FIG. 4D is a diagram for explaining allocation of cores to a W-12 engine. Note
that, in the engine, a first cylinder, an eighth cylinder, a third cylinder, a ninth cylinder, a
second cylinder, a seventh cylinder, a tenth cylinder, a fifth cylinder, an eleventh cylinder,
a sixth cylinder, a twelfth cylinder, and a fourth cylinder fire in this order. In this case,
the first core 102 is allocated to the first to third and tenth to twelfth cylinders that fire in
odd numbered places and the second core 103 is allocated to the fourth to ninth cylinders
that fire in even numbered places. Consequently, the same effects as those of the
embodiment can be obtained. In this case, in left and right banks (a left first bank 121, a
left second bank 122, a right first bank 123, and a right second bank 124), the number of
cylinders that fire in odd numbered places is set equal to the number of cylinders that fire
in even numbered pla-ces'. Consequently, vibration can be cancelled between the left and
right banks (the left first bank 121, the left second bank 122, the right first bank 123, and
the right second bank 124) during the reduced cylinder operation.

[0022] In the first embodiment, the parallel arithmetic unit 100 includes the two cores,
i.e., the first core 102 and the second core 103. However, the parallel arithmetic unit 100
may further include cores for performing calculations other than the calculation of the
control target values. Note that this modification can also be applied to a second
embodiment explained below.

[0023] The first embodiment is based on the parallel arithmetic unit 100 of the dual
core type. However, the invention can also be realized by two arithmetic units of a single
core type. That is, the same effects as those of the embodiment can be obtained if, on the
basis of a firing order set in advance, one of the two arithmetic units of the single core type
1s allocated to cylinders belonging to a cylinder group (a first cylinder group) that fire in
odd numbered piaces and the other of the two arifhmetic units of the single core type i1s
allocated to cylinders belonging to a cylinder group (a second cylinder group) that fire in
even numbered places. Note that this modification can also be applied to the second

embodiment explained below.



10

15

20

25

30

WO 2015/044743 PCT/IB2014/001898

{0024]  The second embodiment is explained. In the example explained in the first
embodiment, the parallel arithmetic unit of the dual core type including the two cores, i.€.,
the first core 102 and the second core 103 is used. The second embodiment is different
from the first embodiment in that a parallel arithmetic unit of a quad core type including
four cores is used.

[0025] FIG. 5 is a diagram for explaining allocation of cores in the second embodiment.
Note that a firing order of the engine is the same as the firing order shown in FIG. 4C. In
this case, the first core 102 is allocated to the first and fourth cylinders, the second core
103 is allocated to the second and third cylinders, a third core 111 is allocated to the sixth
and seventh cylinders, and a fourth core 112 is allocated to the fifth and eighth cylinders.
The cores (the first core 102 and the third core 111) allocated to the cylinders that fire in

- odd numbered places and the cores (the second core 103 and the fourth core 112) allocated

to the cylinders that fire in even numbered places are set in separate core groups. The
actuation of the cores during the reduced cylinder operation is controlled in units of the set
core groups.

[0026] FIG. 6 is a diagram for explaining combustion intervals in the case of a
breakdown of the second core 103 in the configuration shown in FIG. 5. "When the
second core 103 breaks down, the_.actuation of the fourth core 112 belonging to the core
group the same as the core group to which the second core 103 belongs is forcibly stopped.
If the actuation of the fourth core 112 is forcibly stopped during the breakdown of the
second core 103, the calculation of control target values by the second core 103 and the
fourth core 112 is not performed. On the other hand, the calculation of control target
values by the cores (the first core 102 and the third core 111) belonging to the core group
different from the core group to which the second core 103 belongs is continued. That is,
the reduced core operation by the cylindérs (the first, fourth, sixth, and seventh cylinders)
allocated with the first core 102 and the third core 111 is performed. Consequently, it is
possible to keep the intervals of the combustion fixed even during the reduced cylinder
operation. Note that the effect shown in FIG. 6 is not limitedly obtained during the
breakdown of the second core 103 and is also obtained when the actuation of the second
core 103 s actively stopped. _

[0027] Note that, in the second embodiment, the first core 102,' the second core 103,
the third core 111, and the fourth core 112 are equivalent to the "arithmetic unit" in the

second aspect.
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[0028] Incidentally, in the second embodiment, the first core 102 is allocated to the
first and fourth cylinders and the third core 111 is allocated to the sixth and seventh
cylinders. However, the first core 102 may be allocated to only the first cylinder and the
third core 111 may be allocated to the fourth, sixth, and seventh cylinders. Alternatively,
the first core 102 may be allocated to only the sixth cylinder and the third core 111 may be
allocated to the first, fourth, and seventh cylinders. That is, the first core 102 may be
allocated to a part of the cylinders of the cylinder group (the first cylinder group) that fire
in odd numbered places and the third core 111 may be allocated to the remaining cylinders
of the first cylinder group. This relation also applies between the second core 103 and the
fourth core 112 and the cylinders of the cylinder group that fire in even numbered places.
That 1s, the second core 103 may be allocated to a part of the cylinders of the cylinder
group (the second cylinder group) that fire in even numbered places and the fourth core
112 may be applied to the remaining cylinders of the second cylinder group.

[0029] In the example explained in the second embodiment, the V-8 engine is used.
However, other engines in which the number and the array of cylinders are varied can also
be used. FIG. 7 is a diagram for explaining allocation of four cores to a W-12 engine.
Note that combustion order of the engine is the same as the combustion order shown in
FIG. 4D. In this case, the first core 102 is allocated to first to third cylinders, the second
core 103 is allocated to fourth to sixth cylinders, the third core 111 is allocated to seventh
to ninth cylinders, and the fourth core 112 is allocated to tenth to twelfth cylinders. Core
groups are set such that the cores (the first core 102 and the third core 111) allocated to the
cylinders that fire in odd numbered places belong to a group different from a group to
which the cores (the second core 103 and the fourth core 112) allocated to the cylinders
that fire in even numbered places belong.  As in FIG. 6, when the second core 103 breaks
down, the actuation of the fourth core 112 belonging to the core group the same as the core
group to which the second core 103 belongs is forcibly stopped and the reduced cylinder
operation by the cylinders applied with the first core 102 and the third core 111 1is
performed. Consequently, it is possible to keep the intervals of the combustion fixed
even during the reduced cylinder operation.

[0030] In the example explained in the second embodiment, the parallel arithmetic unit
of the quad core type including the four cores is used. However, the number m of the
cores allocated to the cylinders does not always need to be four. The number m may be

an even number that satisfies a relation 2<m<n/2 with respect to the number of cylinders n
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(n is an even number equal to or larger than 8). In this case, core groups are set such that
the cores allocated to the cylinders that fire in odd numbered places belong to a group
different from a group to which the cores allocated to the cylinders that fire in even
numbered places belong. The actuation of the remaining cores belonging to the core
group the same as the core group to which a broken-down specific core (or a specific core
actively stopped.to be actuated) is forcibly stopped. The reduced cylinder operation by
the cylinders allocated with the cores belonging to the core group different from the core
group to which the broken-down core belongs is performed. Consequently, it is possible

to obtain the same effects as those of the second embodiment.
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CLAIMS:

1. A control system for an internal combustion engine, the internal combustion engine
including a plurality of cylinders configured to perform combustion in a firing order set in
advance, the number of the plurality of cylinders being an even number equal to or larger
than four, the control system comprising:
actuators respectively provided in the plurality of cylinders; and
two arithmetic units configured to respectively control operations of the actuators of the
plurality of cylinders, one of the two arithmetic units being allocated to the actuators of a
first cylinder group, the other of the two arithmetic units being allocated to the actuators of
a second cylinder group, |

the first cylinder group being a group formed by the cylinders, the firing order of
which is an odd number order, and '

the second cylinder group being a group formed by the cylinders, the firing order of

which is an even number order.

2. The control system according to claim 1, wherein

the internal combustion engine is a V-6 engine including two banks or a horizontally
opposed six-cylinder engine including two banks, and

the cylinders belonging to the first cylinder group are provided in the bank different from
the bank in which the cylinders belonging to the second cylinder group are provided.

3. The control system according to claim 1, wherein

the internal combustion engine is a V-8 engine including two banks or a horizontally
opposed eight-cylinder engine including two banks, and

the cylinders belonging to the first cylinder group and the cylinders belonging to the
second cylinder group are provided in each of the two banks, the cylinders belonging to the
first cylinder group and the cylinders belonging to the second cylinder group being the

same in number.

4. A control system for an internal combustion engine, the internal combustion engine
including a plurality of cylinders configured to perform combustion in a firing order set in
advance, the number of the plurélity of cylinders being an even number equal to or larger
than eight, the control system comprising:

actuators respectively provided in the plurality of cylinders; and
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a plurality of arithmetic units, the number of the plurality of arithmetic unit being an even
number satisfying a condition that the number is larger than 2 and equal to or smaller than
/2, where n is the number of the plurality of cylinders, the plurality of arithmetic units
being configured to respectively control operations of the actuators of the plurality of
cylinders,

the plurality of arithmetic units being divided into arithmetic units belonging to a first
arithmetic unit group and arithmetic units belonging to a second arithmetic unit group
different from the first arithmetic unit group, the arithmetic units belonging to the first
arithmetic unit group being allocated to the actuators of a first cylinder group, the
arithmetic units belonging to the second arithmetic unit group being allocated to the
actuators of a second cylinder group,

the first cylinder group being a group formed by the cylinders, the firing order of
which is odd number order, _

the'secon‘d cylinder group being a group formed by the cylinders, the firing order of
which is even number order, and

the plurality of arithmetic units being configured to, when actuation of a specific
arithmetic unit belonging to the first arithmetic unit group or the second arithmetic unit
group is stopped, stop operation of the arithmetic units belonging to the arithmetic unit
group the same as the arithmetic unit group to which the specific arithmetic unit belongs
and continue operation of the arithmetic units belonging to the arithmetic unit group

different from the arithmetic unit group to which the specific arithmetic unit belongs.
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