
SMAT USER MANUAL

Version 0.9.0

By

Shunlai Zang

XI’AN JIAOTONG UNIVERSITY

April 05, 2014

Shaanxi, CHINA

c©2014 All rights reserved



Contents

1 Preface 3

2 Installation and startup 4

2.1 System requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.3 Startup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 Logical structure of SMAT toolbox 6

4 Files structure of optimization task 7

4.1 Remote submission.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

4.2 Smat settings local.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.1 Variable ABACMD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.2 Variable MATCMD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.3 Variable FIGURE DISPLAY . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.4 Variable LEGEND DISPLAY . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.5 Variable PLOT LINEWIDTH . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2.6 Variable DEF FONTSIZE . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4.2.7 Variable DEF MARKERSIZE . . . . . . . . . . . . . . . . . . . . . . . . 10

4.2.8 Variable DEF X AXIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.2.9 Variable DEF AXIS PLOT . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.2.10 Variable DEF RESTART FLAG . . . . . . . . . . . . . . . . . . . . . . . 11

4.2.11 Variable DEF RESTART FOLDERNAME . . . . . . . . . . . . . . . . . 11

4.3 Coefficients file *.coe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.4 Configuration file *.config . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.4.1 Keyword *coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.4.2 Keyword **run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.4.3 Keyword *parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.4.4 Keyword *constraint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.4.5 Keyword *comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.4.6 Keyword *optimisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.4.7 Keyword *setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

4.4.8 Keyword **return . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1



4.5 Trajectory file *.trj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.6 Log file *.history . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

4.7 Optimization job files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4.7.1 Experimental data file *.exp . . . . . . . . . . . . . . . . . . . . . . . . . 20

4.7.2 Configuration file *.m . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.7.3 Simulated data file *.sim . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

5 Frequently Asked Questions& Answers 22

5.1 What is the license of SMAT toolbox? . . . . . . . . . . . . . . . . . . . . . . . . 22

5.2 Is it possible to run SMAT toolbox on Windows platform? . . . . . . . . . . . . . 22

5.3 Is it possible to run SMAT toolbox on Scilab environment? . . . . . . . . . . . . . 22

2



1 Preface

What is SMAT? SMAT (Simulate MATerials) is a Matlab toolbox for parameter identification

of constitutive models, which containing the following features: i) Identify the material parameters

based on inverse method (Currently, SMAT only supports Abaqus software for the simulation of

mechanical behavior); ii) Create publication ready plots.

Contact Information:

Dr. Shun-lai ZANG

School of Mechanical Engineering

Xi’an Jiaotong University

No.28, Xianning West Road, Xi’an, Shaanxi, 710049, P.R. China

E-mail: shawn@mail.xjtu.edu.cn; shunlai.zang@gmail.com

Homepage: http://shawn.gr.xjtu.edu.cn/
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2 Installation and startup

2.1 System requirements

The system requirements for the running of SMAT toolbox are listed as below.

• Linux operating systems, for example, OpenSUSE, Fedora, Ubuntu, etc.

• Abaqus commercial software. If the default command is not abaqus, the command variable

in the global setting of SMAT toolbox should be changed to the suitable values. The global

setting file, smat setting.m, locates in the root directory of SMAT toolbox. The variables’

name is ABACMD.

• Matlab commercial software with version larger than 7.5. If the default command is not

matlab, the command variable in the global setting of SMAT toolbox should be changed to

the suitable values. The global setting file, smat setting.m, locates in the root directory of

SMAT toolbox. The variables’ name is MATCMD.

• Intel Fortran compiler has been successfully configured in order to call the user subroutines

in command line, as shown in Fig. 1.

Figure 1: Submitting an abaqus job in command line on linux system.

2.2 Installation

The installation on Linux system is,

• Extract the smat from the smat.tar.gz package

• Move smat directory to Matlab RootDirectory/toolbox/

• Backup /toolbox/local/startup.m if this file exists

• Move /toolbox/smat/startup.m to /toolbox/local/
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2.3 Startup

To start an optimization task, the following steps should be performed.

• Copy the optimization task to any directory with a writable permission.

• Start Matlab, you will see a hint, which is startup smat. Then enter startup smat in the

command windows of Matlab software. After this, the toolbox will be loaded. Please note

that you need to load the toolbox at each time of starting Matlab.

• Change the current directory to the optimization task directory in Matlab software. The

task directory includes all files and settings related to user’s optimization. For the details on

optimization task, please refer the Section: Files structure of optimization task in this manual

file.

• Run the optimization task by entering command smat ∗.con f ig in Matlab windows.
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3 Logical structure of SMAT toolbox

In solid mechanics, the inverse identification of material parameters is usually required when the

constitutive model and experimental tests are complicated. For the SMAT toolbox, a cost function

L (A) is defined in the least square sense by Eq.(1), and starting from an initial guess of material

parameters A0 in order to optimize the material parameters of constitutive model. The cost function

is minimized with a Levenberg-Marquardt algorithm.

L (A) =

N
∑

n=1

Ln(A)

with N the number of tests in the database. For each test, the gap between experiments and model

is given by

Ln(A) =
1

Mn

Mn
∑

i=1

(

Dn |Z(A, ti) − Z∗(ti)|
2
)

(1)

where Mn is the number of experimental points of the n-th test, Z(A, ti) − Z∗(ti) is the normalized

gap between experimental Z(A, ti) and simulated results Z∗(ti) at time ti, and Dn is a weighting

coefficient for the n-th test.
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4 Files structure of optimization task

For an optimization task, the SMAT toolbox needs three kinds of files which are categorized as

shown in Fig. 2.

Figure 2: Files structure of optimization task.

For the type I files, there are two files named as remote submission.m and smat settings local.m.

1) For the remote submission.m file, it is usually required when the user tries to submit the opti-

mization task without Matlab graphics interface. This is the case that you might want to connect a

remote linux server where the SMAT toolbox has been installed by SSH secure connection. If it is

not your case, please ignore it. 2) For the smat settings local.m file, it is used to modify the values

of setting variables in the SMAT toolbox, which will be detailed explained later.

For the type II files, there are four files named as FN1.coe, FN1.config, FN1.history and FN1.trj,

where the latter two files are automatically generated by the SMAT toolbox. 1) For the FN1.coe

file, it includes the initial and current values of material coefficients. 2) For the FN1.config file, it

is the configuration file for an optimization task. 3) For the FN1.history file, this is just the log file.

4) For the FN1.trj file, it includes the total error norm, i.e. the total cost function for each iteration.

For the type III files, actually, they are stored in one folder. This folder can be called as the

optimization job, for example, the T0 folder as shown in Fig. 3. The optimization job includes

one or several curves which are obtained from one test, for instance, longitudinal strain vs. Cauchy

stress and longitudinal strain vs. transverse strain from uni-axial tension at 0◦ to rolling direction.

HINTS: What is the difference between optimization task and job in SMAT toolbox? One

task can include many jobs. One job represents one kind of test. For example, the user might
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want to optimize the material parameters of constitutive model from the true stress vs. strain

curves of uni-axial tension at 0◦, 45◦ and 90◦ to the rolling direction of metallic sheets. Here

we call this work is optimization task, each uni-axial test is called optimization job.

Figure 3: An example of optimization task.

4.1 Remote submission.m

Usually, we have to keep the Matlab windows open when an optimization task is running, how-

ever the user might want to submit the optimization task from a remote computer without Matlab

graphics interface. For instance, login on the remote server by a SSH secure connection. And

after the submission of optimization task, the user wants to login off the server. With this re-

mote submission.m file, it can be achieved.

Figure 4: An example of remote submission file.

Usually, there are two command lines in this matlab file. The first one is to load the SMAT

toolbox in Matlab software, which is reserved and should never be modified. The second line is

to start the optimization task. For the task name (for example, dp780 or dp780.config), it can be

changed to the corresponding one based on user’s optimization.
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To submit the optimization task without Matlab graphics interface, the following linux com-

mand should be used as shown in Fig. 5. The option of -nodisplay will start the Matlab software

without graphics interface.

Figure 5: The command for the remote submission.

4.2 Smat settings local.m

The smat setting local.m is a copy of global setting file (smat settings.m) which locates in the

root directory of SMAT toolbox. Fig. 6 is an example of this local setting file. Here, several

variables can be redefined.

4.2.1 Variable ABACMD

This variable is used to define the default name of abaqus command. For some users, there might

be several abaqus software with different version. In such a case, it will be easy to call different

codes by redefining this variable. The default value is abaqus.

4.2.2 Variable MATCMD

Same as the variable of ABACMD. The default value is matlab.

4.2.3 Variable FIGURE DISPLAY

This variable is used to turn on or off the figure plotting function during optimization. The default

value is on.

4.2.4 Variable LEGEND DISPLAY

This variable is used to turn on or off the legend display during figure plotting. The default value

is on.

4.2.5 Variable PLOT LINEWIDTH

This variable is used to set the line width of figures.
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4.2.6 Variable DEF FONTSIZE

This variable is used to set the font size of figures.

Figure 6: An example of smat setting local.m file.

4.2.7 Variable DEF MARKERSIZE

This variable is used to set the mark size of figures.

10



4.2.8 Variable DEF X AXIS

This variable is used to set the column name of x-axis for the linear interpolation. The detailed

explanation can be found in the Section: Logical structure of SMAT toolbox. The default value is

le11. The x-axis name for linear interpolation can also be redefined by the keyword *comparison.

4.2.9 Variable DEF AXIS PLOT

This variable is used to set the x-axis name for figure plotting. The detailed explanation can be

found in the Section: Logical structure of SMAT toolbox. The default value is le11. The x-axis

name for figure plotting can also be redefined by the keyword *comparison.

4.2.10 Variable DEF RESTART FLAG

This variable is used to set the restarting flag. For large computation cost, if the optimization is

interrupted by user, we have to recalculate the gradient. It is time consuming. With the help of this

variable, you can recovery the error vector from previous optimization. The string ′on′ means this

variable is activated, ′off′ is disabled.

4.2.11 Variable DEF RESTART FOLDERNAME

This variable is used to set the folder name which is related to Variable DEF RESTART FLAG.

The history error vectors will be stored in this folder.

4.3 Coefficients file *.coe

This file includes the name and value pairs of all the material parameters in user subroutine code

(UMAT or vumat), see Fig. 7 as an example. Since these names will be used in the *.config file

too, they should be simple and short, especially no blank and brackets are included.

Note that the number of parameters should be equal to the value of variable CONSTANT in the

material section (*USER MATERIAL,CONSTANT=X) of abaqus inp file no matter whether this

parameter will be optimized, see Fig. 8 as an example. At the beginning of optimization, the initial

material parameters will be given in the *.coe file, and then these values will be updated during

optimization.
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Figure 7: An example of coefficients file.

Figure 8: An example of material section in abaqus inp file.

4.4 Configuration file *.config

It is the most important file for an optimization task, which includes several keywords started

with double asterisks ** or single asterisk *. The notion /* means that this line is comment one.

Fig. 9 is an example of configuration file, the functions and usages of these keywords are explained

as below.
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Figure 9: An example of configuration file.
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4.4.1 Keyword *coefficient

This keyword is used to define the name of material coefficient file. For the Fig. 9, the coefficients

file name is dc04.coe.

4.4.2 Keyword **run

This keyword is used to define which experimental test is adopted to optimize the material pa-

rameters. For the Fig. 9, the experimental data obtained from uni-axial tensile tests at 0◦, 45◦

and 90◦ to the rolling direction are all used to calibrate the material parameters. If some lines are

commented by notion /*, it means that these experimental tests will not be used in the optimization.

4.4.3 Keyword *parameters

This keyword is used to define which parameter will be optimized. The names of these parame-

ters should be consistent with those in coefficients file *.coe. If the parameters started with notion

/*, it means that these parameters will not be optimized.

4.4.4 Keyword *constraint

This keyword is used to define the bounds of material parameters during optimization. The

names of these parameters should be consistent with those in coefficients file *.coe. If the parame-

ters started with notion /* or weren’t appeared in this section, it means that the default bounds will

be used. The default lower (MINBOUND) and upper (MAXBOUND) bounds can be found in the

global optimization setting file in the root directory of SMAT toolbox, i.e. optimisation global.m.

Here, three methods can be used to modify the default bounds.

• Redefine the lower bound with the notion min, and the default upper bound is used.

• Redefine the upper bound with the notion max, and the default lower bound is used.

• Redefine the lower and upper bounds with 0.0 100.0.
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4.4.5 Keyword *comparison

The keyword *comparison is used to define which experimental and simulated data will be com-

pared. The default setting is,

*comparison T0

sig11 1.0

le22 1.0e5

where T0 is the optimization job name, sig11 and le22 are the columns to be compared, 1.0 and

1.0e5 are their weights. Since the experimental and simulated file names are same as the optimiza-

tion job name. It means that there should be two files, T0.exp and T0.sim, in the T0 directory. When

the numerical simulation is completed, SMAT will open these two files and find the corresponding

columns in order to calculate their difference.

If more than one experimental or simulated file needs to be compared in one optimization job,

these experimental and simulated file names should be explicitly given as,

*comparison T0 expfile1 simfile1

sig11 1.0

where T0 is the file name of the optimization job, expfile1 is the experimental filename, simfile1 the

simulated filename. In the above definition, expfile1.exp and simfile1.sim will be opened, and the

column of sig11 is compared. The reason to design such a function is that, for instance, material

parameters of the combined isotropic-kinematic hardening model is usually calibrated from the

cyclic loading curves. In such case, the range of transient behavior is quite small comparing with

that of monotonic loading. But the material parameters of kinematic hardening model is mainly

determined by the experimental data in range of transient behavior. To enlarge the contribution of

the errors in range of transient behavior to the total cost function, a higher weight need to be defined

for this region. Then the whole experimental cyclic loading curve can be divided into several parts,

for example, loading, unloading (including transient behavior region) and reverse loading curves,

named as exploading, expunloading and expreloading. If the job directory is TC, for the above
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case, the configuration should be like,

*comparison TC

sig11 0.0

*comparison TC exploading TC

sig11 1.0

*comparison TC expunloading TC

sig11 2.0

*comparison TC expreloading TC

sig11 1.0

where the last term for each comparison line after the second one, TC, means that the same simu-

lated file is used for the interpolation. For the first comparison, it does not contribute to final cost

function due to zero weight. It just is used for figure plotting.

In the option of keyword *comparison, the xaxis for interpolation or figure plotting is usually

neglected. But in some case, the xaxis needs to be explicitly defined. For instance, for cyclic

loading stress-strain curve, there might be two stress values at the same strain. Then it will result in

mathematical difficulty to interpolate such data. To overcome it, a time column can be introduced

in experimental and simulated results. Then, for the time-stress curve, only one stress can be found

at certain time. However, for the convenience of plotting figure, strain is still considered as x-axis.

In the SMAT toolbox, the users can define these two xaxis by

*comparison T0

sig11 1.0 xaxis-int xaxis-plot

where xaxis-int is used to define xaxis for linear interpolation, xaxis-plot the xaxis for figure plot-

ting. The default settings for these two variables can be found in the global or local setting file,

smat settings.m or smat settings local.m.

4.4.6 Keyword *optimisation

This keyword is used to redefine the settings for the Matlab optimization function. The local

optimization file name should be followed with this keyword. If the file does not exist in the

optimization task folder, the default settings will be used.

The local optimization file is a copy of the global optimization setting file in the root directory

of SMAT toolbox, i.e. optimisation global.m. For the meaning of each variable, the user can refer

16



the Matlab function lsqnonlin().

WARNING: Be sure what are you doing if you want to modify the default optimization

settings. Unsuitable values might cause the optimization failed.

Figure 10: Smat global optimisation file optimisation global.m.

4.4.7 Keyword *setting

This keyword is used to redefine the settings for the SMAT toolbox. The local settings file

name should be followed with this keyword. If the file does not exist in the optimization task

folder, the default settings will be used. For the details, please refer the previous explanation on

smat settings local.m.

4.4.8 Keyword **return

If the keyword **run is followed by **return as shown in Fig. 11, it means that all the optimiza-

tion jobs will be performed only one time. Usually, this keyword should be put at the end of the

*.config file.
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Figure 11: The position of keyword **return.

4.5 Trajectory file *.trj

This file includes the total error norm (cost function value) during optimization, as shown in Fig.

12 as an example, where the first column is the iteration number.

Figure 12: An example of trajectory file.

4.6 Log file *.history

It is the log file for the SMAT toolbox, as shown in Fig. 13 as an example. Here, the itera-

tion number, current values and variation percentage of material parameters, time cost for each

optimization job, error norm for each curve and the total error norm are respectively saved.
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Figure 13: An example of log file.

4.7 Optimization job files

For each optimization job, the related files are organized as one folder. Fig. 14 is an example

of optimization job, which is the uni-axial tensile test at 0◦ to the rolling direction. Here, it should

note that the folder name of optimization job should be same as the value after keyword **run

presented in the *.config file. For the Fig. 14, the name of optimization job is T0. In each folder of

optimization job, three important files are required, experimental result file *.exp, simulated result

file *.sim, and job configuration file *.m. For these files, their names should be same as that of

optimization job, for the current example, they are T0.
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Figure 14: Files structure of optimization job.

4.7.1 Experimental data file *.exp

This file includes all the experimental data from the test, which is stored in ASCII format. Fig.

15 is an example of experimental file, which is the uni-axial tensile test at 0◦ to the rolling direction.

Here, the first line is the column name, and the others are data lines.

WARNING: This experimental file name should be strictly same as the folder name of the

optimization job.

Figure 15: An example of experimental file for an optimization job.
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4.7.2 Configuration file *.m

This file is the configuration file for the optimization job, which includes all the commands what

we need to obtain the simulated data file *.sim.

Usually, there are two abaqus commands in this file. The first command is used to perform

the abaqus numerical simulation. The second one is to used to extract the simulated results from

the odb file by python script, as shown in Fig. 16. After these two commands are executed, the

simulated data file *.sim should be generated.

WARNING: This file name should be strictly same as the folder name of the optimization

job.

Figure 16: An example of Matlab configuration file for an optimization job.

4.7.3 Simulated data file *.sim

This file includes all the simulated data what we need to compare with experimental results.

Similarly as that of experimental file *.exp, the first line is the column name. It should note that

these column names should be consistent with that of experimental file in order to calculate their

error norms.

WARNING: This simulated file name should be strictly same as the folder name of the

optimization job.

Figure 17: An example of simulated file for an optimization job.
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5 Frequently Asked Questions& Answers

5.1 What is the license of SMAT toolbox?

SMAT is not an open source software, but it might be distributed after an explicit permission

from the author.

5.2 Is it possible to run SMAT toolbox on Windows platform?

Yes, it might be possible. But we have been debugging the toolbox on a Linux platform.

5.3 Is it possible to run SMAT toolbox on Scilab environment?

We haven’t test it until now.
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