
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

35
7 

57
9

A
1

��&�����������
(11) EP 2 357 579 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.08.2011 Bulletin 2011/33

(21) Application number: 10195557.3

(22) Date of filing: 17.12.2010

(51) Int Cl.:
G06F 17/50 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 02.02.2010 US 698839

(71) Applicant: Livermore Software Technology 
Corporation
Livermore CA 94551 (US)

(72) Inventor: Thomas, Borrvall
Livermore, CA 94551 (US)

(74) Representative: Becker Kurig Straus
Patentanwälte 
Bavariastrasse 7
80336 München (DE)

(54) Eight-node hexahedral elements configured for reducing shear locking in the finite element 
method

(57) Improved 8-node hexahedral elements config-
ured for reducing shear locking in finite element method
are disclosed. According to one aspect, aspect-ratio
based scale factors are introduced to modify partial de-
rivatives of the isoparametric shape function of the hex-
ahedral element with respect to isoparametric dimen-
sions, respectively. The modified derivatives are used
for calculating the Jacobian matrix thereby the rate-of-
strain. The scale factor is configured such that no chang-
es for a perfect cubic solid element (i.e., element having
aspect ratio of 1 (one) in all three spatial dimensions),

while significant changes for element having poor aspect
ratio. In other words, elements with poor aspect ratio are
mapped to a perfect cubic element using the aspect-ratio
based scale factors. According to anther aspect, off-di-
agonal components in the local Jacobian matrix are di-
rectly modified by cancelling terms related to spurious
shear deformation modes. This measure completely al-
leviates the shear locking effect even for perfectly shaped
elements.
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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to computer aided engineering analysis (e.g., analysis based on finite
element method), more particularly to fully-integrated hexahedral or solid or brick elements configured for reducing shear
locking in finite element method, which can be used in a time-marching engineering simulation for assisting users to
make decision in improvement of an engineering product (e.g., car, airplane, their components) design.

BACKGROUND OF THE INVENTION

[0002] The finite element method (FEM) (sometimes referred to as finite element analysis (FEA)) is a numerical
technique for finding approximate solutions of partial differential equations (PDE) as well as of integral equations. The
solution approach is based either on eliminating the differential equation completely (steady state problems), or rendering
the PDE into an approximating system of ordinary differential equations, which are then numerically integrated using
standard techniques such as Euler’s method, Runge-Kutta, etc.
[0003] In simulating structural mechanics, an engineering structure or product (e.g., car, cellular phone, airplane, etc.)
can be modeled with a set of finite elements interconnected through nodal points or nodes. Each finite element is
configured to have a shape and physical properties such as density, Young’s modulus, shear modulus and Possion’s
ratio, and alike. Finite element can be one-, two- or three-dimensional. In general, a three-dimensional element is referred
to as a solid element (i.e., a finite element having a volume). One of the most common solid elements is 8-node hexahedral
element 100 or brick element shown in FIG. 1A. Eight-node hexahedral element 100 is a first order finite element that
contains eight corner nodes. Shown in FIG. 1B is a two-dimensional view from one side of the 8-node hexahedral element
of FIG. 1A.
[0004] To evaluate finite element results (e.g., nodal forces being generated by stress within an element), each hex-
ahedral element is configured with one or more integration points for numerical integration, for example, Gauss-Legendre
quadrature numerical integration scheme. Numerical integration of a hexahedral element can be done with a single
Gauss-Legendre integration point. Such element is referred to as an under-integrated or rank deficient element (not
shown). Alternatively, a hexahedral element 100 uses two Gauss-Legendre integration points 102 in each spatial direction
for a total of eight points. Such element is said to have full integration or rank sufficient integration. Full integration
guarantees that all possible modes of deformation generate stress in the element.
[0005] Further, finite element method uses a set of shape functions N for each element to construct approximated
displacement uh any where within the element in accordance with the following formula: 

where ui is the nodal displacement. Each node has three translational displacements, therefore, i is 24 for an 8-node
hexahedral element (i.e., 8 nodes with each having three displacements).
[0006] A fully integrated 8-node hexahedral element suffers from what is referred to as shear locking effect, which
means that a built-in artificial shear stiffness for certain deformation modes due to the placement of the integration points.
This spurious stiffness is even more prominent for elements with poor aspect ratio, i.e., for element with one of the spatial
dimensions substantially larger than another. For example, shown in FIG. 2A, an elongated hexahedral element 200 is
said to have a poor aspect ratio (i.e., substantially deviated from 1). To better view the relationship between the integration
points 202 and the element 200, a two-dimensional view of the element is shown in FIG. 2B. The aspect ratio is defined
as ratio of respective lengths of two sides, W 212 and H 214 in FIG. 2B. In three-dimension, there are three aspect ratios
one for each spatial dimension.
[0007] Sometimes it is more advantageous to create a finite element analysis model with solid elements with poor
aspect ratio due to geometry of an engineering product or structure (e.g., a thin-walled structure). The advantage includes
at least the following: 1) easier to create the model; and 2) more computational efficient due to less number of elements
in the model.
[0008] Generally, a fully-integrated 8-node solid element has a numerical deficiency referred to as transverse shear
locking in simulating pure bending. And the shear locking effect is amplified when the solid elements have poor aspect
ratio. FIG. 3A is a two-dimensional side view showing shear locking effect of an 8-node solid element. Diagram 310 of
FIG. 3A shows a realistic pure bending of a prism or elongated structure, while diagram 320 of FIG. 3B shows a poor
aspect ratio 8-node solid element under the same bending moment 300. It is evident that 8-node hexahedral element
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presents no curvature between nodes; therefore, the 8-node hexahedral element is numerically too stiff in comparison
to the true structural behaviors it supposed to simulate. For fully-integrated 8-node solid element, integration points (202
of FIG. 2A) are not located in the centroid of the solid element and whence this shear locking effect.
[0009] One prior art approach to solve this shear locking problem is to use higher order elements, for example, 20-
node element (one additional node per edge, not shown). However, the computation costs associated with the higher
order elements prevent practical usage in any real world production situations. It would, therefore, be desirable to provide
an improved 8-node hexahedral element configured for reducing shear-locking in finite element method.

BRIEF SUMMARY OF THE INVENTION

[0010] An improved 8-node hexahedral element configured for reducing shear locking in finite element method is
disclosed. Fully-integrated hexahedral element is configured for eight corner nodes and eight integration points.
[0011] According to one aspect of the present invention, aspect-ratio based scale factors are introduced to modify
partial derivatives of the isoparametric shape function of an 8-node hexahedral element with respect to isoparametric
dimensions, respectively. The modified derivatives are used for calculating the Jacobian matrix thereby the rate-of-strain.
The scale factor is configured such that no changes for a perfect cubic solid element (i.e., element having aspect ratio
of 1 (one) in all three spatial dimensions), while significant changes for element having poor aspect ratio. In other words,
elements with poor aspect ratio are mapped to a perfect cubic element using the aspect-ratio based scale factors.
[0012] As a result, artificial numerical transverse shear locking effect is reduced in the structural responses obtained
through the finite element analysis using such approach described above.
[0013] According to another aspect of the present invention, off-diagonal components in the local Jacobian matrix are
directly modified by cancelling terms related to spurious shear deformation modes. This measure completely alleviates
the artificial shear locking effect even for perfectly shaped elements (i.e., cubic element with aspect ratio of one).
[0014] Other objects, features, and advantages of the present invention will become apparent upon examining the
following detailed description of an embodiment thereof, taken in conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other features, aspects, and advantages of the present invention will be better understood with
regard to the following description, appended claims, and accompanying drawings as follows:
[0016] FIG. 1A is a perspective view showing an exemplary 8-node hexahedral or solid element;
[0017] FIG. 1B is a two-dimensional view showing one side of the solid element of FIG. 1A.
[0018] FIG. 2A is a perspective view showing an exemplary 8-node hexahedral element with poor aspect ratio;
[0019] FIG. 2B is a two-dimensional view showing one side of the solid element of FIG. 2A;
[0020] FIG. 3A is a two-dimensional side view showing a deformed shape of an elongated structure under pure bending
moment;
[0021] FIG. 3B is a diagram showing one side of an 8-node hexahedral element configured for simulating the elongated
structure under the same bending moment of FIG. 3A;
[0022] FIG. 4A is a flowchart illustrating an exemplary process of reducing transverse shear locking effect of an 8-
node hexahedral element used in a finite element analysis, according to embodiments of the present invention;
[0023] FIG. 4B is a flowchart illustrating another exemplary process of reducing transverse shear locking effect, ac-
cording to another embodiment of the present invention;
[0024] FIG. 5A is a diagram showing an exemplary three-dimensional isoparametric coordinate system of an 8-node
hexahedral element in accordance with one embodiment of the present invention;
[0025] FIG. 5B is a diagram showing various coordinate systems used for 8-node hexahedral element in accordance
with one embodiment of the present invention; and
[0026] FIG. 6 is a function diagram showing salient components of a computing device, in which an embodiment of
the present invention may be implemented.

DETAILED DESCRIPTION

[0027] Referring first to FIG. 4A, there is shown a flowchart illustrating an exemplary process 400 of reducing transverse
shear locking effect of an 8-node hexahedral element in a finite element analysis, according to an embodiment of the
present invention. Process 400 is preferably implemented in software. The finite element analysis is used for simulating
structural behavior of an engineering product (e.g., car, airplane, structure, consumer product) such that user of the
finite element analysis (e.g., engineer, scientist, etc.) can make a better design decision as to how to improve the product.
[0028] Process 400 starts, at step 402, by defining a finite element analysis (FEA) model in a computer system
configured for performing finite element analysis. The FEA model defines an engineering product to be designed or



EP 2 357 579 A1

4

5

10

15

20

25

30

35

40

45

50

55

improved, for example, an automobile, a structure, a consumer product, etc. A time-marching engineering simulation
using FEA is performed to evaluate structural responses or behaviors of the engineering product under a design loading.
The time-marching simulation comprises a number of time steps or solution cycles. The FEA model includes at least
one fully-integrated 8-node hexahedral element (e.g., element shown in FIGS. 1A and 2A).
[0029] According a first embodiment, at step 404, for each of the 8-node hexahedral element, three aspect-ratio based
scale factors one for each spatial direction are calculated in an isoparametric coordinate system 500 of the 8-node solid
element 501 shown in FIG. 5A. ξ1, ξ2 and ξ3 are the three isoparametric coordinates configured to define the 8-node

solid element. The aspect-ratio based scale factors  are calculated as follows: 

where L1, L2 and L3 are corresponding lengths of the solid element in three isoparametric directions, respectively. A
graphical illustration is shown in FIG. 5A. Because the result of min(a,b) is either "a" or "b", whichever is smaller, the
aspect-ratio based scale factors are always equal to or less than 1.

[0030] Next at step 406, the aspect-ratio based scale factors are applied to modify partial derivatives  of the

isoparametric shape function NI of the 8-node solid element used in the calculation of Jacobian matrix as follows: 

[0031] The derivatives  are then used for modifying the relevant components of the Jacobian matrix’s off-diagonal

terms such that artificial numerical shear locking effect is reduced. To demonstrate this modification, three coordinate
systems are required and shown in FIG. 5B. For illustrating simplicity, the coordinate systems are shown in two dimensions
(2-D). For those of ordinary skilled in the art would know the three-dimensional coordinate systems are simply an
extension from the two-dimensional ones. First, element 512 (in three-dimension, this would be an 8-node solid element)
is shown in a global coordinate system (X-Y) 510 and a local spatial coordinate system (xL-yL) 520. The relationship

between the global and local coordinate systems can be represented by a transformation (shown as arrow 515). The
global coordinate system 510 is generally configured for defining the finite element analysis model in its entirety. The
local spatial coordinate system 520 is configured for computing the aspect ratio as well as properly modifying the Jacobian
matrix. Origin of the local spatial coordinate system 520 can be set anywhere (the one shown in FIG. 5B is in the center
of the element).
[0032] The element 512 can also be represented in an isoparametric coordinate system (ξ1-ξ2) 530 (similar to the one
shown in FIG. 5A). The isoparametric coordinates of the four corner nodes 531-534 are (1,1), (1,-1), (-1,-1) and (-1,1),
respectively. Similarly, a transformation (shown as arrow 525) represents the relationship between the isoparametric
coordinate system 530 and the local spatial coordinate system 520. This transformation is the local Jacobian matrix JL

expressed as : 

where xL is the local spatial coordinates (e.g., (xL,yL) in 2-D), ξ is the isoparametric coordinates (e.g., (ξ1, ξ2) in 2-D).
The last expression of Eq. (3) is obtained by using Eq. (2).
[0033] In a second embodiment shown in FIG. 4B, the present invention achieves the objective of eliminating spurious
shear locking effect by setting relevant off-diagonal components of the local Jacobian matrix to zero. In component form,
the local Jacobian matrix JL can be written in a polynomial form in terms of isoparametric coordinates: 
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no sum for ith row of JL, where i ≠ j and with some  that depend one of the local spatial coordinates. Artificial

transverse shear locking effect is caused by the term  One can simply set this constant to zero  to

eliminate such shear locking effects (step 424 of FIG. 4B).
[0034] The calculation of the Jacobian matrix can be made using the Jacobian-coordinate transformation matrix B.
Using indicial notation and summation over repeated indeces, Jacobian matrix of a fully-integrated 8-node solid element
can be written as follows: 

where qik represents the transformation between local and global coordinate systems, and  is the Jacobian-coor-

dinate transformation matrix in the local spatial coordinate system. Matrix B contains 216 (9x24) terms. Nine terms are
components in the 3x3 Jacobian matrix, while the 24 terms represent spatial terms for eight integration points (i.e., 3
spatial displacements per point).

[0035] In practice, setting of the term  to zero causes the Jacobian-coordinate transformation matrix B to become

a full dense matrix with 216 terms. This might be computational undesirable because the original method requires only
72 terms (i.e., an approximately three times more computationally expensive) for explicit solver in FEA. However, this
scheme can be used in the implicit solver, where majority of computational costs is in the equation solver. The reason

for causing a full dense matrix is because matrix  in the standard isoparametric approach may be written as follows: 

where δik is Kronecker delta and  is as follows: 

where N1 is the shape function in isoparametric coordinate system. By setting the term  to zero, the sparsity of

 in Eq. (6) is destroyed and whence also the sparsity in matrix B.

[0036] Referring back to the first embodiment, the scale factors of Eq. (1) and the modified partial derivatives of Eq.
(2) are configured for reducing the artificial transverse shear locking effect of fully-integrated 8-node hexahedral element.
This modification preserves the computational efficiency and alters the properties of those solid elements having poor
aspect ratio. For perfect cubic shape solid elements, the scale factors are equal to one based on Eq. (1). As a result,
partial derivatives of the original shape function (Eq. (7)) are preserved (i.e., Eq. (2) and Eq.(7) are exactly the same).
Jacobian matrix of those elements having large aspect ratio is significantly modified by the scale factors in accordance
with Eqs. (1) and (2), therefore, the transverse shear locking effect is reduced.
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[0037] Next at step 408 of process 400, after the modified Jacobian matrix is calculated for each 8-node solid element
in the finite element analysis model, the finite element analysis is performed to obtain the structural responses of the
engineering product in a time-marching simulation. The simulation results or structural responses are used for assisting
user (e.g., engineers, scientists) to make design decision in improvement of the engineering product.
[0038] Referring now to FIG. 4B, there is shown a flowchart showing another exemplary process 420 of reducing
shear locking effect of an 8-node fully-integrated solid element in accordance with another embodiment of the present
invention. Similar to process 400, process 420 is preferably implemented in software.
[0039] Process 420 comprises substantially similar or same steps with those of process 400, for example, step 422
is the same as step 402 of process 400, while step 428 with step 408. Step 424 comprises calculations of a modified
Jacobian matrix. It is accomplished by setting relevant off-diagonal components to zero. These relevant terms are the
source of artificial shear locking effect. Locations of the relevant terms are defined in Eq. (4).
[0040] According to one aspect, the present invention is directed towards one or more computer systems capable of
carrying out the functionality described herein. An example of a computer system 600 is shown in FIG. 6. The computer
system 600 includes one or more processors, such as processor 604. The processor 604 is connected to a computer
system internal communication bus 602. Various software embodiments are described in terms of this exemplary com-
puter system. After reading this description, it will become apparent to a person skilled in the relevant art(s) how to
implement the invention using other computer systems and/or computer architectures.
[0041] Computer system 600 also includes a main memory 608, preferably random access memory (RAM), and may
also include a secondary memory 610. The secondary memory 610 may include, for example, one or more hard disk
drives 612 and/or one or more removable storage drives 614, representing a floppy disk drive, a magnetic tape drive,
an optical disk drive, etc. The removable storage drive 614 reads from and/or writes to a removable storage unit 618 in
a well-known manner. Removable storage unit 618, represents a floppy disk, magnetic tape, optical disk, etc. which is
read by and written to by removable storage drive 614. As will be appreciated, the removable storage unit 618 includes
a computer readable medium having stored therein computer software and/or data.
[0042] In alternative embodiments, secondary memory 610 may include other similar means for allowing computer
programs or other instructions to be loaded into computer system 600. Such means may include, for example, a removable
storage unit 622 and an interface 620. Examples of such may include a program cartridge and cartridge interface (such
as that found in video game devices), a removable memory chip (such as an Erasable Programmable Read-Only Memory
(EPROM), Universal Serial Bus (USB) flash memory, or PROM) and associated socket, and other removable storage
units 622 and interfaces 620 which allow software and data to be transferred from the removable storage unit 622 to
computer system 600. In general, Computer system 600 is controlled and coordinated by operating system (OS) software,
which performs tasks such as process scheduling, memory management, networking and I/O services.
[0043] There may also be a communications interface 624 connecting to the bus 602. Communications interface 624
allows software and data to be transferred between computer system 600 and external devices. Examples of commu-
nications interface 624 may include a modem, a network interface (such as an Ethernet card), a communications port,
a Personal Computer Memory Card International Association (PCMCIA) slot and card, etc.
[0044] The computer 600 communicates with other computing devices over a data network based on a special set of
rules (i.e., a protocol). One of the common protocols is TCP/IP (Transmission Control Protocol/Internet Protocol) com-
monly used in the Internet. In general, the communication interface 624 manages the assembling of a data file into
smaller packets that are transmitted over the data network or reassembles received packets into the original data file.
In addition, the communication interface 624 handles the address part of each packet so that it gets to the right destination
or intercepts packets destined for the computer 600.
[0045] In this document, the terms "computer recordable storage medium", "computer recordable medium" and "com-
puter readable medium" are used to generally refer to media such as removable storage drive 614, and/or a hard disk
installed in hard disk drive 612. These computer program products are means for providing software to computer system
600. The invention is directed to such computer program products.
[0046] The computer system 600 may also include an input/output (I/O) interface 630, which provides the computer
system 600 to access monitor, keyboard, mouse, printer, scanner, plotter, and alike.
[0047] Computer programs (also called computer control logic) are stored as application modules 606 in main memory
608 and/or secondary memory 610. Computer programs may also be received via communications interface 624. Such
computer programs, when executed, enable the computer system 600 to perform the features of the present invention
as discussed herein. In particular, the computer programs, when executed, enable the processor 604 to perform features
of the present invention. Accordingly, such computer programs represent controllers of the computer system 600.
[0048] In an embodiment where the invention is implemented using software, the software may be stored in a computer
program product and loaded into computer system 600 using removable storage drive 614, hard drive 612, or commu-
nications interface 624. The application module 606, when executed by the processor 604, causes the processor 604
to perform the functions of the invention as described herein.
[0049] The main memory 608 may be loaded with one or more application modules 606 that can be executed by one
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or more processors 604 with or without a user input through the I/O interface 630 to achieve desired tasks. In operation,
when at least one processor 604 executes one of the application modules 606, the results are computed and stored in
the secondary memory 610 (i.e., hard disk drive 612). The status of the time-marching engineering simulation using
finite element analysis method (e.g., deformed element, response of the 8-node solid element, etc.) is reported to the
user via the I/O interface 630 either in a text or in a graphical representation.
[0050] Although the present invention has been described with reference to specific embodiments thereof, these
embodiments are merely illustrative, and not restrictive of, the present invention. Various modifications or changes to
the specifically disclosed exemplary embodiments will be suggested to persons skilled in the art. For example, whereas
illustration of coordinate systems and elements are shown in two-dimensional views, the present invention is directed
to a more general three-dimensional element. In summary, the scope of the invention should not be restricted to the
specific exemplary embodiments disclosed herein, and all modifications that are readily suggested to those of ordinary
skill in the art should be included within the spirit and purview of this application and scope of the appended claims.

Claims

1. A method of reducing transverse shear locking effect of a fully-integrated 8-node hexahedral element in finite element
analysis comprising:

defining, by an application module in a computer system, a finite element
analysis model defining an engineering product to be improved having at least one fully-integrated 8-node
hexahedral element;
calculating, by said application module, a set of aspect-ratio based scale factors
for each of the at least one fully-integrated 8-node hexahedral element;
creating, by said application module, a modified isoparametric Jacobian matrix
of the said each of the at least one fully-integrated 8-node hexahedral element by modifying partial derivatives
of isoparametric shape function with respective aspect-ratio based scale factors, such that said each of the at
least one fully-integrated 8-node hexahedral element’s transverse shear locking effect is reduced; and
conducting an engineering simulation using finite element analysis in the
computer system with the finite element analysis model having the at least one fully-integrated 8-node hexahedral
element and the modified isoparametric Jacobian matrix, the engineering simulation’s results are used for
assisting user to make design decision in improvement of the engineering product.

2. The method of Claim 1, wherein said each of the at least one fully-integrated 8-node hexahedral element has three
local spatial dimensions.

3. The method of Claim 2, wherein the set of aspect-ratio based scale factors is defined according to following formula: 

where L1, L2 and L3 are respective lengths in the three local spatial dimensions of said each of the at least one fully-

integrated 8-node hexahedral element, and  represents one of the set of aspect-ratio based scale factors.

4. The method of Claim 3, wherein said partial derivatives are modified from  to

 j=1,2,3, where ξ1,ξ2, and ξ3 are isoparametric coordinates in the three isoparametric

dimensions, respectively.

5. The method of Claim 4, wherein the modified isoparametric Jacobian matrix Jij is calculated as follows: 
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where qmk is a transformation between local and global coordinate systems and δik is Kronecker delta function.

6. The method of Claim 1, wherein said each of the at least one fully-integrated 8-node hexahedral element comprises
8 integration points.

7. A system for reducing transverse shear locking effect of a fully-integrated 8-node hexahedral element in finite element
analysis comprising:

a main memory for storing computer readable code for a finite element analysis
application module;
at least one processor coupled to the main memory, said at least one processor
executing the computer readable code in the main memory to cause the finite element analysis application
module to perform operations by a method of:
defining a finite element analysis model representing an engineering product to
be improved, having at least one fully-integrated 8-node hexahedral element;
calculating a set of aspect-ratio based scale factors for each of the at least one
fully-integrated 8-node hexahedral element;
creating a modified isoparametric Jacobian matrix of the said each of the at
least one fully-integrated 8-node hexahedral element by modifying partial derivatives of isoparametric shape
function with respective aspect-ratio based scale factors, such that said each of the at least one fully-integrated
8-node hexahedral element’s transverse shear locking effect is reduced; and conducting an engineering sim-
ulation using finite element analysis with the
finite element analysis model having the at least one fully-integrated 8-node hexahedral element and the modified
isoparametric Jacobian matrix, the engineering simulation’s results are used for assisting user to make design
decision in improvement of the engineering product.

8. The system of Claim 7 wherein said each of the at least one fully-integrated 8-node hexahedral element has three
isoparametric dimensions, and the set of aspect-ratio based scale factors is defined according to following formula: 

where L1, L2 and L3 are respective lengths in the three isoparametric dimensions of said each of the at least one

fully-integrated 8-node hexahedral element,

 represents one of the set of aspect-ratio based scale factors, and said derivatives of isoparametric shape

function are modified from  to  j=1,2,3, where ξ1, ξ2, and ξ3

are isoparametric coordinates in the three isoparametric dimensions, respectively.
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9. A computer readable medium containing instructions for controlling a computer system for reducing transverse
shear locking effect of a fully-integrated 8-node hexahedral element in finite element analysis by a method according
to claim 1, 2 or 3.
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