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(57) ABSTRACT 

Provided is an operation command generation device includ 
ing: an execution order determination unit configured to 
determine, based on respective arrangement positions of a 
plurality of process symbols each representing a process for a 
process Subject on a protocol chart including the plurality of 
process symbols, an execution order of the plurality of pro 
cess symbols; and a process symbol conversion unit config 
ured to respectively convert the plurality of process symbols 
into jobs for a process system including at least a robot so that 
processes represented by the plurality of process symbols are 
executed in the execution order determined by the execution 
order determination unit. 

  



Patent Application Publication May 26, 2016 Sheet 1 of 19 US 2016/O14450.6 A1 

FIG.1 

S) (sey 

  



Patent Application Publication May 26, 2016 Sheet 2 of 19 US 2016/O14450.6 A1 

FIG.2 

EXTERNAL 
STORAGE 
DEVICE 

  



Patent Application Publication May 26, 2016 Sheet 3 of 19 US 2016/O14450.6 A1 

FIG.3 

25 

EXECUTION TIME 
CALCULATION 

UNIT 

OPERATION COMMAND GENERATION UNIT 

INITIAL SYMBOL 
CONVERSION UNIT 
NUMBER-OF-CONTAINERS 

EXTRACTION UNIT 

FINAL SYMBOL CONVERSION 
UNIT 

PROCESS SYMBOL 
CONVERSION UNIT 

REPETITION SETTING 
UNIT 

PARALLELPROCESS 
SETTING UNIT 

CONSECUTIVE PROCESS 
SETTING UNIT 

WORKAREA SETTING 
UNIT 

EXECUTION ORDER 
DETERMINATION UNIT OPERATION 

COMMAND 
PROCESS SYMBOL 

POSITION SRECIFICATION STORAGE UNIT 

INPUT UNIT 

11 

PROTOCOL CHART 
ACOUISITION UNIT 

EXTERNAL 
STORAGE 
DEVICE 

OPERATION 
COMMAND 

OUTPUT UNIT 

TRANSFER SYMBOL 
CONVERSION UNIT 

TRANSFER RULE 
SETTING UNIT 

OPERATION 
COMMAND 

DISPLAY UNIT 

  

    

  

  

  

  

  

  

  

    

    

  

    

  

    

  

  



Patent Application Publication May 26, 2016 Sheet 4 of 19 US 2016/O14450.6 A1 

FIG.4 

1 OO 1 OO 

Tube Rack Tube Rack 

102 103 102 103 

103 103 

B Condition B B condition B 
101 101 

  

  

  

  

    

  



Patent Application Publication May 26, 2016 Sheet 5 of 19 US 2016/O14450.6 A1 

FIG.5 

108 
1 OO 

102 103 

103 

B Condition B 
101 

  

  

    

  



US 2016/O14450.6 A1 

00||00|| 970IH 

May 26, 2016 Sheet 6 of 19 Patent Application Publication 

    

  

  

  

  

  

  



Patent Application Publication May 26, 2016 Sheet 7 of 19 US 2016/O14450.6 A1 

FIG.7 

108 108 
1OO 

102 

TRANSFER 10Oul) 

102 

110a 
101 103 

B Condition B 
101 

    

    

  



Patent Application Publication May 26, 2016 Sheet 8 of 19 US 2016/O14450.6 A1 

FIG.8 

108 108 
1OO 

CO2 incubator Tube Rack 

102 103 
102 

TRANSFER 10Oul) 

101 2 103 

Dish DISCARD Dust Box B condition B 
101 

  

    

  

    

    

  



Patent Application Publication May 26, 2016 Sheet 9 of 19 US 2016/O14450.6 A1 

FIG.9 

108 108 
1OO 

102 103 
102 

TRANSFER 10Oul 

101 103 

B condition B 
101 

  

      

    

    

  

  



Patent Application Publication May 26, 2016 Sheet 10 of 19 US 2016/O14450.6 A1 

FIG.10 

108 108 
1OO 

102 103 
102 

TRANSFER 10Oul) 

101 103 

B Condition B 
1 O1 

    

    

    

  

  



Patent Application Publication May 26, 2016 Sheet 11 of 19 US 2016/O14450.6 A1 

FIG.11 

108 108 
1OO 

CO2 incubator Tube Rack 

102 103 
102 

St. 
11 Oe 103 101 

Dish DISCARDIDustBox B condition B 
101 

    

  

  

    

    

  

    

  



Patent Application Publication May 26, 2016 Sheet 12 of 19 US 2016/O14450.6 A1 

FIG.12 

108 108 
1 OO 

CO2 incubator Tube Rack 

102 

e 
101 11 Of 103 

B Condition B 
1 O1 

    

  

  

  

      

  



Patent Application Publication May 26, 2016 Sheet 13 of 19 US 2016/O14450.6 A1 

FIG.13 

108 108 
1OO 

102 103 

TRANSFER 10Oul) 

101 

102 

103 

B Condition B 
101 

  

    

      

  



Patent Application Publication May 26, 2016 Sheet 14 of 19 US 2016/O14450.6 A1 

108 

103 

B Condition B 

101 

  

  

  

  

  

  



Patent Application Publication May 26, 2016 Sheet 15 of 19 US 2016/O14450.6 A1 

FIG.15 

108 108 
1OO 100 

Tube Rack Tube Rack 

102 

103 

Condition A 

103 

B condition B 
101 

          

  

  

  

    

    

  



Patent Application Publication May 26, 2016 Sheet 16 of 19 US 2016/O14450.6 A1 

FIG.16 

1 OO 

Tube Rack 

1 O2 

115 
103 

103 

B Condition B 
116 

  

  

  

  



Patent Application Publication May 26, 2016 Sheet 17 of 19 US 2016/O14450.6 A1 

FIG.17 

START 

ST 10 

READ PROTOCOL CHART 

ST11 
IS NUMBER OF 

ST12 Y CONTAINERS 
ASSOCIATED? 

EXTRACT NUMBER N 
OF CONTAINERS 

ST13 

CONVERT INITIAL SYMBOL 

3. ST14 
IS THERE UNCONVERTEDM Y 
PROCESS SYMBOLOR 

1. TRANSFER SYMBOL ST15 

N TRANSFER 
ST18 PROCESS OR (2) 

TRANSFER2 
CONVERT FINAL SYMBOL PROCESS 

ST16 

SPECIFY PROCESS 
SYMBOL POSITIONS 

ST17 

SET EXECUTION 
ORDER 

  



Patent Application Publication May 26, 2016 Sheet 18 of 19 US 2016/O14450.6 A1 

FIG.18 

O 
ST21 ST20 

SET NUMBER OF Y IS NUMBER OF 
CONTAINERS CONTAINERS ASSOCIATED2 

N 

ST23 ST22 

Y IS REPETITION LINE 
SET REPETITION ASSOCIATED? 

N 

ST25 ST24 

SET PARALLEL Y IS PARALLEL PROCESS 
PROCESS SYMBOL ASSOCIATED? 

N 

ST27 ST26 

SET CONSECUTIVE Y IS CONSECUTIVE PROCESS 
PROCESS SYMBOL ASSOCIATED? 

N 

ST29 ST28 
Y 

IS WORKAREA SYMBOL 
SET WORKAREA ASSOCIATED? 

N 
ST30 

CONVERT PROCESS 
SYMBOL 



Patent Application Publication 

FIG.19 

(2) 
ST40 

NUMBER OF FIRST 
CONTAINERSX2? 

Y 
ST41 

N UMBER OF SECOND 
CONTAINERSX2? 

Y 

ST44 

NUMBER OF FIRST 
CONTAINERS= 

NUMBER OF SECOND 
CONTAINERS2 

Y 

ST42 

SET SECOND 
TRANSFERRULE 

SYMBOL 
SET FIRST TRANSFER 

RULE 

ST46 

CONVERT TRANSFER 
SYMBOL 

IS NUMBER OF SECOND 
Y/ CONTAINERS INTEGRAL 

MULTIPLE OF NUMBER 
OF FIRST CONTAINERS 

ST52 

SET FIFTH TRANSFER 
RULE 

ST53 

CONVERT TRANSFER 
SYMBOL 

IS NUMBER OF FIRST 

MULTIPLE OF NUMBER 
OF SECOND CONTAINERS 

Y 

SET SIXTH TRANSFER 
RULE 

CONVERT TRANSFER 
SYMBOL 

May 26, 2016 Sheet 19 of 19 

ST51 

N ST54 

CONTAINERS INTEGRAL MN 

ST56 

US 2016/O14450.6 A1 

ST47 

NUMBER OF SECOND 
CONTAINERSX2? 

N ("Sig") 
ST48 

SET THIRD TRANSFER 
RULE 

ST49 

CONVERT TRANSFER 
SYMBOL 

ST50 

CONVERT TRANSFER 
SYMBOL 

ST57 

SET FOURTHOR 
SEVENTH TRANSFER 

RULE 
ST58 

CONVERT TRANSFER 
SYMBOL 

ST55 

  



US 2016/014.4506 A1 

OPERATION COMMAND GENERATION 
DEVICE, OPERATION COMMAND 

GENERATION METHOD, NON-TRANSITORY 
COMPUTER-READABLE STORAGE 
MEDIUM, AND PROCESS SYSTEM 

INCORPORATION BY REFERENCE 

0001. The present disclosure contains subject matter 
related to that disclosed in Japanese Priority Patent Applica 
tion.JP 2014-237201 filed in the Japan Patent Office on Nov. 
21, 2014, the entire contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an operation com 
mand generation device, an operation command generation 
method, a non-transitory computer-readable storage medium, 
and a process system. 
0004 2. Description of the Related Art 
0005. In the fields of biochemistry and biotechnology, a 
work procedure and conditions of the operations to be carried 
out on a process Subject, Such as a series of inspections, 
cultivation, and amplification (hereinafter, these operations 
are collectively referred to as “experiment'), are commonly 
referred to as a protocol. A protocol is the information 
required in order to obtain a result that is reproducible for an 
experiment or to verify the experiment result. 

SUMMARY OF THE INVENTION 

0006. According to one aspect of the present invention, 
there is provided an operation command generation device 
including: an execution order determination unit configured 
to determine, based on respective arrangement positions of a 
plurality of process symbols each representing a process for a 
process Subject on a protocol chart including the plurality of 
process symbols, an execution order of the plurality of pro 
cess symbols; and a process symbol conversion unit config 
ured to respectively convert the plurality of process symbols 
into jobs for a process system including at least a robot so that 
processes represented by the plurality of process symbols are 
executed in the execution order determined by the execution 
order determination unit. 

0007 Further, according to another aspect of the present 
invention, there is provided an operation command genera 
tion method including: determining, based on respective 
arrangement positions of a plurality of process symbols each 
representing a process for a process Subject on a protocol 
chart including the plurality of process symbols, an execution 
order of the plurality of process symbols; and respectively 
converting the plurality of process symbols into jobs for a 
process system including at least a robot so that processes 
represented by the plurality of process symbols are executed 
in the execution order determined in the determining of the 
execution order. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic diagram for illustrating a 
physical configuration of a process system according to an 
embodiment of the present invention. 
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0009 FIG. 2 is a configuration block diagram for illustrat 
ing a physical configuration of an operation command gen 
eration device according to the embodiment of the present 
invention. 
0010 FIG. 3 is a function block diagram of the operation 
command generation device according to the embodiment of 
the present invention. 
0011 FIG. 4 is a diagram for illustrating a first example of 
a protocol chart acquired by the operation command genera 
tion device according to the embodiment of the present inven 
tion. 
0012 FIG. 5 is a diagram for illustrating a protocol chart 
equivalent to the first example of the protocol chart. 
0013 FIG. 6 is a diagram for illustrating a second example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. 
0014 FIG. 7 is a diagram for illustrating a third example of 
the protocol chart acquired by the operation command gen 
eration device according to the embodiment of the present 
invention. 
0015 FIG. 8 is a diagram for illustrating a fourth example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. 
0016 FIG.9 is a diagram for illustrating a fifth example of 
the protocol chart acquired by the operation command gen 
eration device according to the embodiment of the present 
invention. 
0017 FIG. 10 is a diagram for illustrating a sixth example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. 
0018 FIG. 11 is a diagram for illustrating a seventh 
example of the protocol chart acquired by the operation com 
mand generation device according to the embodiment of the 
present invention. 
0019 FIG. 12 is a diagram for illustrating an eighth 
example of the protocol chart acquired by the operation com 
mand generation device according to the embodiment of the 
present invention. 
0020 FIG. 13 is a diagram for illustrating a ninth example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. 
0021 FIG. 14 is a diagram for illustrating a tenth example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. 
0022 FIG. 15 is a diagram for illustrating an eleventh 
example of the protocol chart acquired by the operation com 
mand generation device according to the embodiment of the 
present invention. 
0023 FIG. 16 is a diagram for illustrating a twelfth 
example of the protocol chart acquired by the operation com 
mand generation device according to the embodiment of the 
present invention. 
0024 FIG. 17 is a first flowchart for illustrating operations 
of an operation command generation unit according to the 
embodiment of the present invention. 
0025 FIG. 18 is a second flowchart for illustrating opera 
tions of the operation command generation unit according to 
the embodiment of the present invention. 
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0026 FIG. 19 is a third flowchart for illustrating opera 
tions of the operation command generation unit according to 
the embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0027 Based on the knowledge of the inventors of the 
present invention, the likelihood of an anticipated result being 
obtained in a biochemistry or biotechnology experiment, that 
is, the reproducibility of the experiment, largely depends on 
the competence of the person conducting the experiment, 
which can in some cases hinder verification of the reliability 
of the experiment result, for example. Accordingly, the inven 
tors investigated excluding human factors by using a robot to 
carry out the experiment. 
0028. However, a common format for describing a proto 
col has not been established yet, and hence each experimenter 
is considered to describe the protocol in a unique format. 
Therefore, when an operation of a robot is described based on 
a certain protocol, for example, an engineer familiar both with 
the protocol and programming of the operation of the robot is 
necessary, and moreover, when the format for the protocol is 
changed, the engineer can no longer use the new format. 
Thus, describing the operation of the robot based on the 
protocol is practically unrealistic. 
0029. Therefore, the inventors of the present invention 
invented a novel and creative operation command generation 
device and the like by carrying out diligent research and 
development into automatically generating an operation 
command for causing a robot to perform an experiment based 
ona protocol. This operation command generation device and 
the like are described below using an embodiment as an 
example. 
0030 FIG. 1 is a schematic diagram for illustrating a 
physical configuration of a process system 200 according to 
an embodiment of the present invention. The process system 
200 includes an operation command generation device 1 con 
figured to generate an operation command for a robot 3 based 
on a protocol chart showing a protocol, a robot controller 2 
configured to control the robot 3 based on the generated 
operation command, and the robot 3, which is controlled by 
the robot controller 2 and is configured to execute an experi 
ment. The operation command generation device 1 itselfmay 
be a dedicated device. However, in this case, the operation 
command generation device 1 is realized by using a common 
computer. In other words, a commercially-available com 
puter configured to execute a computer program for causing 
the computer to operate as the operation command generation 
device 1 is used for the operation command generation device 
1. The computer program is in general provided in the form of 
application software, and is used when installed on the com 
puter. The application software may be provided by recording 
the application Software on a compact disc read-only memory 
(CD-ROM), a digital versatile disc (DVD) ROM, or another 
Suitable computer-readable information recording medium. 
Further, the application software may be provided over vari 
ous information communication networks, such as the Inter 
net. In addition, the functions of the application Software may 
be provided by a server at a remote location over an informa 
tion communication network, that is, be realized by So-called 
cloud computing. Still further, the robot controller 2 may be 
integrated with the robot 3, or in a stand-alone manner. The 
robot controller 2 causes the robot 3 to execute a desired 
operation based on an operation command generated by the 
operation command generation device 1. 
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0031. The robot 3 is an articulated robot that is configured 
to carry out processes on a process Subject. The robot 3 is 
capable of manipulating a piece of experiment equipment 
(which may or may not be shown) Such as grasping and 
manipulating a pipette 4 with an arm. Further, the robot 3 is 
capable of moving various containers (which may or may not 
be shown) such as grasping a microtube 6 stored in a tube rack 
5 and moving the microtube 6 from the tube rack 5 to a main 
rack 7 or the like. In this embodiment, when the robot 3 is 
carrying out a process on the microtube 6. Such as injecting 
the process subject into the microtube 6, the robot 3 moves the 
microtube 6 to the main rack 7, and carries out the process 
above the main rack 7. The process system 200 also includes 
an agitator 8 and a thermostatic bath 9. In the example illus 
trated in FIG. 1, one example of apiece of equipment to be 
used when the robot 3 performs the experiment is illustrated. 
However, the process system 200 may also include other 
equipment. For example, the process system 200 may include 
a rack in which a Petri dish is kept, a centrifugal separator, a 
magnetrack, and the like. Further, the robot 3 is not limited to 
the type that is illustrated, and the robot 3 may be a dual-arm 
robot or the like. 

0032 FIG. 2 is a block diagram for illustrating a physical 
configuration of the operation command generation device 1 
according to the embodiment of the present invention. The 
configuration illustrated in FIG. 2 is a general computer used 
as the operation command generation device 1. In the com 
puter, a central processing unit (CPU) 1a, a random access 
memory (RAM) 1b, an external storage device 1C, a graphics 
controller (GC) 1d, an input device 1e, and an input/output 
(I/O) 1fare connected to one another by a data bus 1g so that 
the devices can exchange electric signals therebetween. In 
this case, the external storage device 1c is a device capable of 
statically recording information, Such as a hard disk drive 
(HDD) or a solid state drive (SSD). Further, signals from the 
GC 1d are output and displayed as an image on a monitor 1h. 
Such as a flat panel display, by which the user visually recog 
nizes the image. The input device 1e is a device. Such as a 
keyboard, amouse, or a touchpanel, by which the user inputs 
information. The I/O 1f is an interface that allows the opera 
tion command generation device 1 to exchange information 
with an external device. 

0033 FIG. 3 is a function block diagram of the operation 
command generation device 1 according to this embodiment. 
Note that, the function blocks illustrated in FIG. 3 focus on 
the functions that the operation command generation device1 
has. It is not necessary to have physical configurations that 
correspond to respective function blocks in a one-to-one man 
ner. Some function blocks may be realized by an information 
processing device, such as the CPU 1a of the operation com 
mand generation device 1, executing specific software. Fur 
ther, some function blocks may be realized by a specific 
storage area being allocated to an information storage device, 
such as the RAM 1b of the operation command generation 
device 1. 

0034. The operation command generation device 1 
includes an input unit 10 configured to receive various inputs 
from a user, and a protocol chart acquisition unit 11 config 
ured to acquire a protocol chart showing a protocol. Further, 
the operation command generation device 1 includes an 
operation command generation unit 12 configured to generate 
an operation command based on the inputs received by the 
input unit 10 and the protocol chart acquired by the protocol 
chart acquisition unit 11, and an execution time calculation 
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unit 25 configured to calculate an execution time required for 
the robot to execute the generated operation command. In 
addition, the operation command generation device 1 
includes an operation command storage unit 26 configured to 
store electronic data of the operation command currently 
being generated and operation commands that have been 
generated, an operation command display unit 27 configured 
to form the electronic data of the operation commands stored 
in the operation command storage unit 26 and display the 
formed electronic data on the monitor 1 h, and an operation 
command output unit 28 configured to output the generated 
operation command as an electronic file in a format that can 
be read by the robot. 
0035. The input unit 10 is normally configured by the 
input device 1e illustrated in FIG. 2. However, when the 
operation command generation device 1 is an application 
server used in cloud computing, the I/O 1f into which opera 
tion information input by the user on a terminal at a remote 
location is input corresponds to the input unit 10. 
0036. The operation command generation unit 12 includes 
various function blocks for generating an operation com 
mand. Although a detailed description is given later along 
with a description of a generation procedure for the operation 
command, in this embodiment, the operation command gen 
eration unit 12 includes an initial symbol conversion unit 13 
configured to convert an initial symbol representing an initial 
state of a container for containing a process Subject into a job 
of preparing the container. Moreover, the operation command 
generation unit 12 includes a final symbol conversion unit 15 
configured to convert a final symbol representing a final state 
of a container into a job of executing a final process for the 
container, and a process symbol conversion unit 16 config 
ured to convert a plurality of process symbols representing 
processes for a process Subject respectively into jobs of the 
process system so that the processes represented by the plu 
rality of process symbols are executed in an execution order 
determined by an execution order determination unit 21 
described later. Further, the operation command generation 
unit 12 includes the execution order determination unit 21 
configured to determine the execution order of a plurality of 
process symbols based on respective arrangement positions 
of the plurality of process symbols on a protocol chart and a 
transfer symbol conversion unit 23 configured to convert a 
transfer symbol representing a transfer process of transferring 
the process Subject from a first containerto a second container 
into a job of transferring the process subject from the first 
container to the second container. 
0037 Note that, in this specification, the term job refers to 
a command, which is issued to a process system including at 
least a robot, for carrying out a unit process on a container 
containing a process Subject. Further, the term operation com 
mand refers to a collection of jobs that combines a plurality of 
jobs. The operation command generation device 1 is config 
ured to convert individual process symbols represented in a 
protocol chart into jobs, which are unit processes, and com 
bine the generated jobs while taking into consideration an 
execution order of the jobs obtained by conversion to generate 
an operation command for the process system. 
0038. The initial symbol conversion unit 13 further 
includes a number-of-containers extraction unit 14 config 
ured to extract, based on a protocol chart, the number of 
containers associated with the initial symbol. The process 
symbol conversion unit 16 receives the number of containers 
extracted by the number-of-containers extraction unit 14, and 
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converts the process symbol associated with the initial sym 
bol into as many jobs as the number of containers extracted by 
the number-of-containers extraction unit. 
0039 Moreover, the process symbol conversion unit 16 
further includes a repetition setting unit 17 configured to set 
the number of repetitions of a process symbol. The process 
symbol conversion unit 16 converts the process symbol into a 
job to be repeated as many times as the number set by the 
repetition setting unit 17. Moreover, the process symbol con 
version unit 16 includes a parallel process setting unit 18 
configured to make Such a setting that a first process repre 
sented by a process symbol and a second process are to be 
simultaneously executed in parallel. The process symbol con 
version unit 16 converts, based on the setting by the parallel 
process setting unit 18, the process symbol into a job to be 
executed simultaneously in parallel with the second process. 
Moreover, the process symbol conversion unit 16 further 
includes a consecutive process setting unit 19 configured to 
make such a setting that processes represented by a plurality 
of process symbols are to be consecutively executed. The 
process symbol conversion unit 16 converts, based on the 
setting by the consecutive process setting unit 19, the plurality 
of process symbols into jobs to be consecutively executed for 
a signal container. Moreover, the process symbol conversion 
unit 16 further includes a work area setting unit 20 configured 
to set a work area in which a process represented by a process 
symbol is to be executed. The process symbol conversion unit 
16 converts the process symbol into a job to be executed in the 
work area set by the work area setting unit 20. 
0040. Moreover, the execution order determination unit 21 
includes a process symbol position specification unit 22 con 
figured to specify at least two process symbols equal to each 
other in the arrangement position in a first direction out of the 
plurality of process symbols. The execution order determina 
tion unit 21 determines the execution order of the at least two 
process symbols specified by the process symbol position 
specification unit 22 based on arrangement positions in a 
second direction intersecting the first direction. 
0041 Moreover, the transfer symbol conversion unit 23 
further includes a transferrule setting unit 24 configured to set 
a transfer rule depending on a relationship between the num 
ber of the first containers and the number of the second 
containers. 
0042 FIG. 4 is a diagram for illustrating a first example of 
the protocol chart acquired by the operation command gen 
eration device 1 according to this embodiment. 
0043. In this specification, the term protocol chart refers to 
a diagram that is shown in a manner that allows a protocol to 
be visually understood, and the term protocol refers to the 
work procedure and conditions of a pre-process and the like to 
be carried out on a process subject in the field of biochemistry 
or biotechnology. Further, the term process subject refers to a 
specimen on which an experiment in the above-mentioned 
fields is to be performed. In general, the process Subject is 
often a portion of biological tissue, such as a cell, DNA, or the 
like. The experiment is generally carried out by placing the 
process Subject in a piece of equipment that is particularly 
Suited to the experiment. Such as a microtube (centrifuge 
tube), a Petri dish, or a microplate (microtiter plate). How 
ever, when the term container is used by itself in this specifi 
cation, the term refers to all of those pieces of equipment 
Suitable for containing the process Subject in the experiment. 
0044) Further, for convenience, the upward direction in 
FIG. 4 is referred to as a first direction, and the direction 
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intersecting the first direction is referred to as a second direc 
tion. It is not necessary for the angle of intersection between 
the first direction and the second direction to be a right angle. 
However, in this case, the first direction and the second direc 
tion are perpendicular to each other. As a result, the second 
direction is the axis in the horizontal direction in FIG. 4. 
0045. In the protocol chart of this example, basically, an 

initial symbol 100 representing an initial state of the container 
containing the process Subject and a final symbol 101 repre 
senting a final state of the container are arranged in the first 
direction. The initial symbol 100 and the final symbol 101 are 
connected in the first direction by a procedure line 102 head 
ing from the initial symbol 100 to the final symbol 101. A 
process symbol 103 representing an individual process to be 
carried out on the container is arranged along the procedure 
line 102. In the first example illustrated in FIG. 4, there are a 
set of the initial symbol 100 and final symbol 101 in which 
“Tube 1 is written and the procedure line 102 connecting the 
initial symbol 100 and the final symbol 101 and a set of the 
initial symbol 100 and final symbol 101 in which “Tube 2 is 
written and the procedure line 102 connecting the initial 
symbol 100 and the final symbol 102. In this case, the proce 
dure line 102 represents the procedure to be carried out by the 
process as an arrow line. In other words, the protocol chart of 
this example means that first the jobs represented by the initial 
symbols 100, in which “Tube 1 and “Tube 2 are respec 
tively written, are carried out, then the jobs represented by the 
process symbols 103, in which “A” is written for “Tube 1” and 
“Tube 2, are carried out, subsequently the jobs represented 
by the process symbols 103, in which “B” is written for “Tube 
1 and “Tube 2, are carried out, and lastly the jobs repre 
sented by the final symbols 101, in which “Tube 1” and “Tube 
2 are respectively written, are carried out. 
0046 According to this embodiment, the execution order 
determination unit 21 determines an execution order of a 
plurality of process symbols 103 based on respective arrange 
ment positions of the plurality of process symbols 103 on the 
protocol chart. On this occasion, in order to uniquely acquire 
a protocol from the protocol chart, it is desired to determine an 
execution order of process symbols 103 arranged at the same 
position in the first direction so as to prioritize the processes. 
0047 According to this embodiment, the process symbol 
position specification unit 22 specifies at least two process 
symbols the same in the arrangement position in the first 
direction (upward direction of the figure) out of a plurality of 
process symbols. Then, the execution order determination 
unit 21 determines the execution order of the at least two 
process symbols specified by the process symbol position 
specification unit 22 based on the arrangement positions in 
the second direction (horizontal direction of the figure). Spe 
cifically, the execution order determination unit 21 deter 
mines the execution order so as to execute earlier a process 
symbol arranged on the left side of the figure, and execute 
later a process symbol arranged on the right side of the figure. 
0048. A description is now given of how the respective 
elements of the first example of the protocol chart illustrated 
in FIG. 4 are converted into jobs by the operation command 
generation device 1. 
0049 First, the protocol chart is acquired by the protocol 
chart acquisition unit 11 of the operation command genera 
tion device 1, an initial symbol 100 which is written at the 
upper most line of the protocol chart and in which “Tube 1 is 
written and an initial symbol 100 which is written at the upper 
most line of the protocol chart and in which “Tube 2 is 
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written are converted by the initial symbol conversion unit 13 
into jobs of each preparing a container for containing a pro 
cess subject. “Tube 1 written on the left side of the initial 
symbol 100 represents a first microtube, “Tube 2 on the left 
side of the initial symbol 100 represents a second microtube, 
and “Tube Rack' on the right side of the initial symbol 100 
represents a device in which the microtubes are kept, and is 
the tube rack 5 on this occasion. Note that, the first microtube 
and the second microtube may be microtubes of the same 
type. Moreover, the process for the container is executed on 
the main rack 7 in principle, and hence the job of preparing the 
container means a job of moving the container to the main 
rack 7. Thus, the initial symbol conversion unit 13 converts 
the initial symbol 100 in which “Tube 1” is written to a job of 
using the arm of the robot 3 to move the first microtube 1 from 
a first storage location in the tube rack 5 to a first storage 
location in the main rack 7. Moreover, the initial symbol 
conversion unit 13 converts the initial symbol 100 in which 
“Tube 2 is written to a job of using the arm of the robot 3 to 
move the second microtube from a second storage location in 
the tube rack 5 to a second storage location in the main rack 7. 
On this occasion, the first and second microtubes may be 
moved one at a time, or an arm capable of holding a plurality 
of microtubes may be employed as the arm of the robot 3 so 
as to move the microtubes simultaneously. 
0050. Next, the process symbol 103 in which “A” is writ 
ten, which is connected by the procedure line 102 to the initial 
symbol 100 in which “Tube 1 is written, is read. In this case, 
the process symbol 103 in which 'A' is written represents an 
arbitrary process to be carried out on the microtube under 
Condition A. In this example, a specific content of the process 
is not exemplified, but a specific example of the process is 
described in a second example of the protocol chart. 
0051 A process symbol 103 in which “A” is written for 
“Tube 1” and a process symbol 103 in which “A” is written for 
“Tube 2 are arranged at the same position in the first direc 
tion. Therefore, the process symbol position specification 
unit 22 specifies the process symbol 103 in which 'A' is 
written for “Tube 1 and the process symbol 103 in which “A” 
is written for “Tube 2. The execution order determination 
unit 21 receives this specification to determine the execution 
order of the jobs based on the positions in the second direc 
tion. In other words, the execution order determination unit 
21 makes such a determination that the job represented by the 
process symbol 103 in which “A” is written for “Tube 1” 
located on the left side of the figure is executed first, and the 
job represented by the process symbol 103 in which 'A' is 
written for “Tube 2 located on the right side of the figure is 
executed second. The process symbol conversion unit 16 
receives this determination, and converts the process symbols 
103 in which 'A' is written for “Tube 1 and “Tube 2 into 
jobs of executing the process “A” for “Tube 1 first and then 
executing the process “A” for “Tube 2 second. 
0052. Then, process symbols 103 in which “B” is written 
are converted into jobs in accordance with the direction (first 
direction) of the procedure lines 102. On this occasion, the 
process symbol 103 in which “B” is written represents an 
arbitrary process executed under Condition B for the micro 
tube. The process symbol position specification unit 22 also 
specifies the process symbols 103 in which “B” is written as 
process symbols equal to each other in the arrangement posi 
tion in the first direction. Then, the execution order determi 
nation unit 21 makes such a determination that the job repre 
sented by the process symbol 103 in which “B” is written for 
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“Tube 1 located on the left side of the figure is executed first, 
and the job represented by the process symbol 103 in which 
“B” is written for “Tube 2 located on the right side of the 
figure is executed second. The process symbol conversion 
unit 16 receives this determination, and converts the process 
symbols 103 in which “B” is written for “Tube 1 and “Tube 
2 into jobs of executing the process “B” for “Tube 1 first and 
then executing the process “B” for “Tube 2 second. 
0053 Finally, a final symbol 101 in which “Tube 1” is 
written and a final symbol 101 in which “Tube 2 is written 
are converted by the final symbol conversion unit 15 into jobs 
of each executing a final process for the container. On this 
occasion, “PUT” means keeping a microtube in a device, and 
the final symbol conversion unit 15 converts the final symbols 
101 in which “Tube 1” and “Tube 2 are respectively written 
into jobs of respectively keeping the first and second micro 
tubes in the thermostatic bath 9 at 4°C. 
0054 The execution order of the jobs is uniquely deter 
mined by defining the execution order of the process symbols 
based on the arranged positions on the protocol chart in this 
way, and the operation command used to cause the robot to 
carryout an experiment can be automatically generated. 
Moreover, even if the process symbols are arranged at posi 
tions equal to each other in the first direction, by defining the 
execution order based on positions in the second direction 
intersecting the first direction, an execution order of the jobs 
is uniquely determined from the protocol chart described 
two-dimensionally, and the operation command can be auto 
matically generated. 
0055 FIG. 5 is a diagram for illustrating a protocol chart 
equivalent to the first example of the protocol chart. On the 
protocol chart illustrated in FIG. 5, a number-of-containers 
symbol 108 is arranged so as to overlap the initial symbol 100 
in which “Tube' is written. The number-of-containers sym 
bol 108 explicitly represents the number of containers asso 
ciated with the initial symbol 100, and based on characters 
“x2', explicitly represents that the initial symbol 100 in 
which “Tube' is written is converted into a job of preparing 
two microtubes and a process symbol 103 connected to the 
initial symbol 100 by a procedure line 102 is converted into 
jobs of executing a process for the two microtubes. 
0056. According to this embodiment, the number-of-con 
tainers extraction unit 14 extracts the number of containers 
associated with an initial symbol. Note that, the number of 
containers associated with the initial symbol is not limited to 
the number explicitly represented by the number-of-contain 
ers symbol 108 as illustrated in FIG. 5, and, for example, may 
be a number set as a parameter accompanying the initial 
symbol. When the number-of-containers extraction unit 14 
extracts the number of containers, at least the process symbol 
conversion unit 16 converts the process symbol associated 
with the initial symbol into as many jobs as the number of 
containers extracted by the number-of-containers extraction 
unit 14. 
0057. A description is now given of how the respective 
elements of the protocol chart illustrated in FIG. 5 are con 
Verted into jobs by the operation command generation device 
1 

0.058 First, the number-of-containers extraction unit 14 
extracts the number of containers associated with the initial 
symbol 100 in which “Tube' is written. In other words, the 
number-of-containers extraction unit 14 extracts the number 
of containers, namely, 2, from the number-of-containers sym 
bol 108 in which 'x2' is written. 
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0059. Then, the initial symbol conversion unit 13 converts 
the initial symbol 100 in which “Tube' is written and with 
which the number of containers is associated into the jobs of 
preparing the first and second microtubes. Moreover, the 
process symbol conversion unit 16 converts the process sym 
bols associated with the initial symbol in which “Tube' is 
written, namely, the process symbol 103 in which 'A' is 
written and the process symbol 103 in which “B” is written, 
into jobs of respectively executing Processes A and B for the 
first and second microtubes. On this occasion, while two sets 
including the initial symbol 100 in which “Tube' is written, 
the final symbol 101, and the procedure line 102 connecting 
both of the symbols to each other are considered to be 
arranged as being separated from each other in the second 
direction and arranged at the same position in the first direc 
tion, the execution order of the jobs is defined by the execu 
tion order determination unit 21 and the process symbol posi 
tion specification unit 22. In other words, the execution order 
of the jobs is defined while the protocol chart of FIG. 5 is 
replaced by the first example of the protocol chart. As a result, 
the process symbol 103 in which 'A' is written and the 
process symbol 103 in which “B” is written are converted by 
the process symbol conversion unit 16 into jobs of executing 
Process A for the first microtube, executing Process A for the 
second microtube, executing Process B for the first micro 
tube, and executing Process B for the second microtube. 
Finally, the final symbol conversion unit 15 converts the final 
symbol 101 in which “Tube' is written into jobs of keeping 
the first and second microtubes in the thermostatic bath9 at 4° 
C. An operation command generated as a result is the same as 
an operation command generated for the first example of the 
protocol chart illustrated in FIG. 4. 
0060. If processes for a plurality of containers are 
described in a protocol chart without omissions, the protocol 
chart extends in the horizontal direction of the figure as the 
number of containers increases, and readability of the proto 
col chart is degraded. Therefore, processes having the same 
content for a plurality of containers of the same type are 
preferably described in a simple manner. With the operation 
command generation device 1 according to this embodiment, 
even for a protocol chart simply describing processes for a 
plurality of containers of the same type by presenting the 
number of the containers, each of the plurality of containers is 
considered as a protocol chart describing a set including an 
initial symbol 100, a final symbol 101, and a procedure line 
102 connecting both the symbols to each other, and an opera 
tion command for the plurality of containers is generated. 
0061 FIG. 6 is a diagram for illustrating a second example 
of the protocol chart acquired by the operation command 
generation device 1 according to the embodiment of the 
present invention. The second example represents specific 
contents of processes executed for containers. 
0062. In the second example, the initial symbol 100 and 
the final symbol 101 in which “Dish' is written, and the 
procedure line 102 connecting the initial symbol 100 and the 
final symbol 101, and the initial symbol 100 and the final 
symbol 101 in which “Tube' is written, and the procedure line 
102 connecting the initial symbol 100 and the final symbol 
101, are arranged at positions offset from each other in the 
second direction. 
0063. In this example, a process subject is transferred from 
“Dish' to “Tube', and a transfer line 104 connecting the 
procedure line 102 and the procedure line 102 to each other in 
the second direction is arranged and a transfer symbol 105 in 
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which “TRANSFER" is written representing the transfer is 
arranged on the transfer line 104. The transfer line 104 explic 
itly represents a transfer direction of the process Subject, and, 
on this occasion, is an arrow, to thereby represent a transfer 
direction thereof. 
0064 Moreover, in this example, a process symbol 103 in 
which ADD’ is written meaning addition and the procedure 
line 102 for “Tube' are connected to each other by an addition 
line 106 in the second direction. The addition line 106 is also 
an arrow directing to the procedure line 102 so as to explicitly 
represent addition to the container. 
0065. Moreover, in this example, a repetition line 107 is 
arranged. The repetition line 107 is drawn so as to branch 
from the procedure line 102 to extend in the second direction, 
bend toward and to extend in the first direction, a top direction 
on this occasion, further bend in the second direction, and 
reconnect to the procedure line 102, and “2 representing the 
number of the repetitions is written by the side of the repeti 
tion line 107. Note that, a process symbol is preferably not 
arranged at a position the same in the first direction and 
separated in the second direction as and from the position at 
which the repetition line 107 is arranged. This is because it is 
difficult to uniquely define the execution order between the 
process symbol associated with the repetition line 107 and the 
process symbol arranged so as to be separated in the second 
direction, and even if the order is defined, the order is difficult 
to intuitively understand. 
0066. A description is now given of how the respective 
elements of the second example of the protocol chart exem 
plified in FIG. 6 are converted into jobs by the operation 
command generation device 1. 
0067 First, the protocol chart is acquired by the protocol 
chart acquisition unit 11 of the operation command genera 
tion device 1, and the initial symbol 100 in which “Dish' is 
written and which is written on the uppermost line of the 
protocol chart is converted by the initial symbol conversion 
unit 13 into a job of preparing a container for containing a 
process subject. “Dish' written on a left side of the initial 
symbol 100 represents a Petri dish, and “CO2 incubator 
written on aright side of the initial symbol 100 represents a 
device in which the Petridish is kept, and, in this example, is 
a carbon dioxide gas atmosphere incubator. The initial sym 
bol conversion unit 13 converts the initial symbol 100 in 
which “Dish' is written into a job of moving the Petri dish, 
which is kept in the carbon dioxide gas atmosphere incubator, 
and in which, for example, a biological tissue is cultivated, to 
a predetermined location by using the arm of the robot 3 to 
prepare for a process to be executed for the Petri dish. 
0068 Moreover, the initial symbol conversion unit 13 
converts an initial symbol 100 in which “Tube' is written and 
which is written on the upper most line of the protocol chart 
into a job of preparing a container for containing the process 
subject. As described above, “Tube' represents the micro 
tube, and “Tube Rack” represents the tube rack 5. The initial 
symbol conversion unit 13 converts the initial symbol 100 in 
which “Tube' is written into a job of moving the microtube 
kept in the tube rack 5 to the main rack 7 by using the arm of 
the robot 3 to prepare for a process to be executed for the 
microtube. 
0069. Subsequently to the job of preparing the container, a 
job represented by a process symbol 103 in which “WASH" is 
written is executed. A left side of this process symbol 103 
represents a type of the process, and a right side thereof 
represents a condition for the process. On this occasion, 
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“WASH means cell washing, and “PBS, 1,000 ul' means 
that 1,000 ul of phosphate buffered saline is used for the cell 
washing. This cell washing is carried out twice in accordance 
with the repetition line 107. The repetition setting unit 17 sets 
the number (2) of the repetition of the process symbol 103 in 
which "WASH is written. The process symbol conversion 
unit 16 receives this setting, and converts the process symbol 
103 in which “WASH" is written into a job of repeating the 
cell washing process twice. 
0070 Then, a job represented by a process symbol 103 in 
which “SCRAPE is written is executed. This process is 
so-called scraping, and represents an operation of using a 
scraper to scrape a bottom of a Petridish, to thereby scrape off 
a process subject such as cells adhered to the Petridish. Thus, 
the process symbol conversion unit 16 converts the process 
symbol 103 in which “SCRAPE is written into a job of using 
the arm of the robot 3 to hold the scraper, and using the scraper 
to carry out scraping for the Petri dish. 
(0071. Further, a job represented by a transfer symbol 105 
in which “TRANSFER is written is executed. The transfer 
symbol conversion unit 23 converts the transfer symbol 105 
in which “TRANSFER" is written into a job of using the 
pipette 4 held by the arm of the robot 3 to transfer 200 ul of the 
process subject scraped off from the Petri dish, which is the 
first container, to the microtube, which is the second con 
tainer. 

(0072. The Petri dish after the transfer of the process sub 
ject is brought into a final state represented by a final symbol 
101 in which “Dish' is written in accordance with the proce 
dure line 102. On this occasion, “DISCARD" written in a 
centerpart of the final symbol 101 represents an operation of 
discarding the Petri dish, and “Dust Box” written on a right 
side of the final symbol 101 represents a discard destination 
thereof. The final symbol conversion unit 15 converts the final 
symbol 101 in which “Dish' is written into a job of executing 
a discard process (discarding the Petri dish into the dust box), 
which is a final process, for the Petri dish held by the arm of 
the robot 3. 
0073. On the other hand, regarding the microtube, further 
in accordance with the procedure line 102, a process repre 
sented by a process symbol 103 in which ADD’ is written is 
executed. The process symbol 103 in which ADD” is written 
represents a process of adding 1,000 ul of a cell lysis bufferas 
indicated by a condition written on a right side thereof. The 
process symbol conversion unit 16 converts the process sym 
bol 103 in which ADD’ is written into a job of using the 
pipette 4 held by the arm of the robot 3 to add 1,000 ul of the 
cell lysis buffer to the microtube. 
0074. Further, a process represented by a process symbol 
103 in which “MIX” is written is executed. This process 
means agitation of a content, and "Vortex, 5 s” written as a 
process condition means an agitation process for five seconds 
with an agitator. Thus, the process symbol conversion unit 16 
converts the process symbol 103 in which “MIX” is written 
into a job of setting the microtube held by the arm of the robot 
3 to the agitator 8, to thereby agitate the content for five 
seconds. 
0075 Finally, the microtube is brought into a final state 
represented by a final symbol 101 in which “Tube' is written. 
On this occasion, “PUT” means keeping the microtube in a 
device, and hence the microtube is stored and kept in the 
thermostatic bath at 4°C. The final symbol conversion unit 15 
converts the final symbol 101 in which “Tube' is written into 
a job of executing a storage process of storing the microtube 



US 2016/014.4506 A1 

in the thermostatic bath9 at 4°C., which is a final process, for 
the microtube held by the arm of the robot 3. 
0076. As described above, the operation command gen 
eration device 1 according to this embodiment converts 
respective elements to specific jobs based on an execution 
order uniquely defined by arrangement positions of the 
respective elements on a protocol chart, to thereby generate 
an operation command, which is a set of the jobs. Moreover, 
when a protocol chart using a repetition line for an omitted 
description is given, jobs of repeating the same process can be 
generated. Further, when a protocol chart including a transfer 
line and a transfer symbol is given, a job of transferring a 
process Subject from one container to another container can 
be generated. 
0077 FIG. 7 is a diagram for illustrating a third example of 
the protocol chart acquired by the operation command gen 
eration device 1 according to this embodiment. A protocol 
represented by the third example represents that, after Process 
A is executed for a Petri dish, which is the first container, 100 
ul of a content is transferred to a microtube, which is the 
second container, the Petri dish is discarded, Process B is 
executed for the microtube, and the microtube is kept in the 
thermostatic bath at 4° C. On this occasion, a number-of 
containers symbol 108 including characters “x3' is associ 
ated with an initial symbol 100 of “Dish' representing prepa 
ration of Petri dishes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of three Petridishes. Moreover, a number-of-containers sym 
bol 108 including characters'x3' is associated with an initial 
symbol 100 of “Tube' representing preparation of micro 
tubes. The number-of-containers symbol 108 represents that 
the same process is executed for the same type of three micro 
tubes. 

0078. The protocol chart of this example includes a trans 
fer symbol 105 representing a transfer process. Moreover, a 
number-of-transfers symbol 109 is associated with the trans 
fer symbol 105. The number-of-transfers symbol 109 
includes the number (3) of the Petridishes, which are the first 
containers, and the number (3) of the microtubes, which are 
the second containers. Specifically, the number-of-transfers 
symbol 109 includes characters “3:3, and the number of 
containers of a transfer source is represented on a left side of 
the characters, and the number of containers of a transfer 
destination is represented on a right side of the characters. 
0079 A first pictogram 110a is associated with the trans 
fer symbol 105. The first pictogram 110a is a sign of three 
arrows extending from the left toward the right of the figure. 
The number-of-transfers symbol 109 and the first pictogram 
110a concisely represent a first transfer rule for the case in 
which the process subject is transferred from the three Petri 
dishes, which are the first containers, to the three microtubes, 
which are the second containers. Hereinafter, for a descrip 
tion of the transfer rule, the three Petri dishes are referred to 
first to third Petridishes, and the three microtubes are referred 
to as first to third microtubes. In this example, the first transfer 
rule means a transfer rule in which 100 ul of the process 
subject is transferred from the first Petri dish to the first 
microtube, 100 ul of the process subject is transferred from 
the second Petri dish to the second microtube, and 100 ul of 
the process subject is transferred from the third Petri dish to 
the third microtube. In this example, the number-of-transfers 
symbol 109 and the first pictogram 110a enable intuitive 
recognition of the first transfer rule, but the first transfer rule 
does not always need to be explicitly represented on the 
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protocol chart. Moreover, one of the number-of-transfers 
symbol 109 and the first pictogram 110a may be represented 
on the protocol chart. 
0080. The transfer rule setting unit 24 sets the first transfer 
rule when the number of the first containers (Petri dishes in 
this example) and the number of the second containers (mi 
crotubes in this example) are equal to each other. Then, the 
transfer symbol conversion unit 23 converts, based on the first 
transfer rule, the transfer symbol 105 into a job of repeating 
the process of transferring the process subject from the first 
container to the second container in a one-to-one manner as 
many times as the number of the containers. In this example, 
the number of Petri dishes, which are the first containers, and 
the number of the microtubes, which are the second contain 
ers, are equal to each other, and the transferrule setting unit 24 
thus sets the first transfer rule. Moreover, the transfer symbol 
conversion unit 23 converts the transfer symbol 105 into a job 
of repeating, for three times, the process of transferring 100 ul 
of the process subject from the Petri dish to the microtube 
each time in a one-to-one manner based on the first transfer 
rule. In this way, with the transfer symbol conversion unit 23 
and the transfer rule setting unit 24 according to this embodi 
ment, the job of transferring the process subject between the 
containers the same in the number is generated based on the 
transfer rule. In particular, as in this example, if the transfer 
rule setting unit 24 sets the transfer rule based on the number 
of the first containers and the number of the second contain 
ers, the transfer rule suitable for execution of the protocol is 
automatically set without fully explicitly representing the 
transfer rule by a person who produces a protocol chart, 
resulting in an increase in productivity of the protocol chart. 
Naturally, if a transfer rule is explicitly represented on the 
protocol chart, the transfer rule setting unit 24 sets a transfer 
rule based on the explicitly represented transfer rule. The 
same holds true for various examples of the transfer rule 
described below. 

I0081 FIG. 8 is a diagram for illustrating a fourth example 
of the protocol chart acquired by the operation command 
generation device 1 according to this embodiment. A protocol 
represented by the fourth example represents that, after Pro 
cess A is executed for a Petridish, which is the first container, 
100 ul of a content is transferred to a microtube, which is the 
second container, the Petri dish is discarded, Process B is 
executed for the microtube, and the microtube is kept in the 
thermostatic bath at 4° C. On this occasion, a number-of 
containers symbol 108 including characters “x3' is associ 
ated with an initial symbol 100 of “Dish' representing prepa 
ration of Petridishes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of three Petridishes. Moreover, a number-of-containers sym 
bol 108 including characters “x1 is associated with an initial 
symbol 100 of “Tube' representing preparation of micro 
tubes. The number-of-containers symbol 108 represents that 
a process is executed for a single microtube. 
I0082. The protocol chart of this example includes a trans 
fer symbol 105. A number-of-transfers symbol 109 is associ 
ated with the transfer symbol 105. The number-of-transfers 
symbol 109 includes the number (3) of the Petridishes, which 
are the first containers, and the number (1) of the microtubes, 
which are the second containers. Specifically, the number-of 
transfers symbol 109 includes characters “3:1, and the num 
ber of containers of a transfer source is represented on a left 
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side of the characters, and the number of containers of a 
transfer destination is represented on a right side of the char 
acterS. 

0083. A second pictogram 110b is associated with the 
transfer symbol 105. The second pictogram 110b is a sign of 
three arrows extending from three points arranged on the left 
side of the figure toward one point on the right side of the 
figure so as to converge on the one point. The number-of 
transfers symbol 109 and the second pictogram 110b con 
cisely represent a second transfer rule for the case in which 
the process subject is transferred from the three Petri dishes, 
which are the first containers, to the one microtube, which is 
the second container. In this example, the second transfer rule 
means a transfer rule of collecting 100 ul of the process 
subject from each of the first to third Petridishes, which totals 
300 ul, to the single microtube. 
0084. The transfer rule setting unit 24 sets the second 
transfer rule when the number of the first containers is at least 
two and the number of the second containers is one. Then, the 
transfer symbol conversion unit 23 converts, based on the 
second transfer rule, the transfer symbol 105 into a job of 
repeating the process of transferring the process Subject from 
the first container to the second container for all the first 
containers. In this example, the number of Petridishes, which 
are the first containers, is at least two, and the number of the 
microtubes, which are the second containers, is one, and the 
transfer rule setting unit 24 thus sets the second transfer rule. 
Moreover, the transfer symbol conversion unit 23 converts the 
transfer symbol 105 into a job of repeating, for all the Petri 
dishes, the process of transferring the process Subject from 
the Petri dish to the microtube based on the second transfer 
rule. In this way, with the transfer symbol conversion unit 23 
and the transfer rule setting unit 24 according to this embodi 
ment, a job of collecting the process Subject from a plurality 
of containers to a single container is generated. 
0085 FIG.9 is a diagram for illustrating a fifth example of 
the protocol chart acquired by the operation command gen 
eration device 1 according to this embodiment. A protocol 
represented by the fifth example represents that, after Process 
A is executed for a Petri dish, which is the first container, 100 
ul of a content is transferred to a microtube, which is the 
second container, the Petri dish is discarded, Process B is 
executed for the microtube, and the microtube is kept in the 
thermostatic bath at 4° C. On this occasion, a number-of 
containers symbol 108 including characters “x1 is associ 
ated with an initial symbol 100 of “Dish' representing prepa 
ration of a Petri dish. The number-of-containers symbol 108 
represents that a process is executed for a single Petri dish. 
Moreover, a number-of-containers symbol 108 including 
characters 'x3' is associated with an initial symbol 100 of 
“Tube' representing preparation of microtubes. The number 
of-containers symbol 108 represents that the same process is 
executed for the same type of three microtubes. 
I0086. The protocol chart of this example includes a trans 
fer symbol 105. A number-of-transfers symbol 109 is associ 
ated with the transfer symbol 105. The number-of-transfers 
symbol 109 includes the number (1) of the Petridishes, which 
are the first containers, and the number (3) of the microtubes, 
which are the second containers. Specifically, the number-of 
transfers symbol 109 includes characters “1:3, and the num 
ber of containers of a transfer source is represented on a left 
side of the characters, and the number of containers of a 
transfer destination is represented on a right side of the char 
acterS. 
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I0087. A third pictogram 110C is associated with the trans 
fer symbol 105. The third pictogram 110C is a sign of three 
arrows extending from one point arranged on the left side of 
the figure toward three points on the right side of the figure so 
as to diverge toward the three points. The number-of-transfers 
symbol 109 and the third pictogram 110c concisely represent 
a third transfer rule for the case in which the process subject 
is transferred from the one Petri dish, which is the first con 
tainer, to the three microtube, which are the second contain 
ers. In this example, the third transfer rule means a transfer 
rule of transferring a process subject to the first microtube, the 
second microtube, and the third microtube in a distributive 
a. 

I0088. The transfer rule setting unit 24 sets the third trans 
ferrule when the number of the first containers is one and the 
number of the second containers is at least two. Then, the 
transfer symbol conversion unit 23 converts, based on the 
third transfer rule, the transfer symbol 105 into a job of 
repeating the process of transferring the process Subject from 
the first container to the second container for all the second 
containers. In this example, the number of Petridishes, which 
are the first containers, is one, and the number of the micro 
tubes, which are the second containers, is at least two, and the 
transfer rule setting unit 24 thus sets the third transfer rule. 
Moreover, the transfer symbol conversion unit 23 converts the 
transfer symbol 105 into a job of repeating, for all the micro 
tubes, the process of transferring the process Subject from the 
Petridish to the microtube based on the third transfer rule. On 
this occasion, a method of distributing the process subject to 
the respective microtubes is an equal distribution in principle, 
but a ratio of the distribution may be set by a user. Moreover, 
a job may be converted so as to transfer the entire amount of 
the process Subject in the first container by omitting a descrip 
tion of a transfer amount on the transfer symbol 105, or by 
describing the transfer of the entire amount (for example, 
“All'). Even in this case, the method of distributing the pro 
cess Subject to the respective microtubes is the equal distri 
bution in principle, but the ratio of the distribution may be set 
by the user. Moreover, if the pipette is used to suck the entire 
amount, an error may occur, such as a Suction of the outside 
air or the like, and hence when the transfer of the entire 
amount is instructed, an amount Smaller by a certain degree 
than the entire amount recognized on the protocol chart, Such 
as 90% of the process subject, may be transferred. In this way, 
with the transfer symbol conversion unit 23 and the transfer 
rule setting unit 24 according to this embodiment, a job of 
distributing the process Subject from a single container to a 
plurality of containers is generated. 
I0089 FIG. 10 is a diagram for illustrating a sixth example 
of the protocol chart acquired by the operation command 
generation device 1 according to this embodiment. A protocol 
represented by the sixth example represents that, after Pro 
cess A is executed for a Petridish, which is the first container, 
100 ul of a content is transferred to a microtube, which is the 
second container, the Petri dish is discarded, Process B is 
executed for the microtube, and the microtube is kept in the 
thermostatic bath at 4° C. On this occasion, a number-of 
containers symbol 108 including characters “x3' is associ 
ated with an initial symbol 100 of “Dish' representing prepa 
ration of Petridishes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of three Petridishes. Moreover, a number-of-containers sym 
bol 108 including characters'x2' is associated with an initial 
symbol 100 of “Tube' representing preparation of micro 
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tubes. The number-of-containers symbol 108 represents that 
the same process is executed for the same type of two micro 
tubes. 

0090 The protocol chart of this example includes a trans 
fer symbol 105. Moreover, a number-of-transfers symbol 109 
is associated with the transfer symbol 105 representing a 
transfer process. The number-of-transfers symbol 109 
includes the number (3) of the Petridishes, which are the first 
containers, and the number (2) of the microtubes, which are 
the second containers. Specifically, the number-of-transfers 
symbol 109 includes characters 3:2, and the number of 
containers of a transfer source is represented on a left side of 
the characters, and the number of containers of a transfer 
destination is represented on aright side of the characters. 
0091. A fourth pictogram 110d is associated with the 
transfer symbol 105. The fourth pictogram 110d is a sign of 
three arrows extending from three points arranged on the left 
side of the figure toward one point at the center of the fourth 
pictogram 110d so as to converge on the one point and three 
arrows extending from the one point at the centertoward three 
points arranged on the right side of the figure so as to diverge 
toward the three points. The number-of-transfers symbol 109 
and the fourth pictogram 110d concisely represent a fourth 
transfer rule for the case in which the process subject is 
transferred from the three Petri dishes, which are the first 
containers, to the two microtubes, which are the second con 
tainers. In this example, a fourth transferrule means a transfer 
rule of collecting 100 ul of the process subject from each of 
the first to third Petridishes to a single intermediate container 
(such as beaker), and then distributing 300 ul of the process 
subject from the intermediate container to the first and second 
microtubes, which are the second containers. 
0092. The transferrule setting unit 24 sets the fourth trans 
ferrule when the number of the first containers is at least two, 
the number of the second containers is at least two, and one of 
those numbers is not a multiple of the other of those numbers 
(that is, the number of the first containers is neither a multiple 
nor a divisor of the number of the second containers). The 
transfer symbol conversion unit 23 converts, based on the 
fourth transfer rule, the transfer symbol 105 into a job of 
repeating a process of transferring the process Subject from 
the first container to the intermediate container for all the first 
containers, and then repeating a process of transferring the 
process Subject from the intermediate container to the second 
container for all the second containers. In this example, the 
number of Petri dishes, which are the first containers, is at 
least two, the number of the microtubes, which are the second 
containers, is at least two, and one of the numbers is not a 
multiple of the other. Thus, the transfer rule setting unit 24 
sets the fourth transfer rule. Moreover, the transfer symbol 
conversion unit 23 converts, based on the fourth transfer rule, 
the transfer symbol 105 into a job of repeating, for all the Petri 
dishes, the process of transferring the process Subject from 
the Petri dish to the intermediate container, and then repeat 
ing, for all the microtubes, the process of transferring the 
process Subject from the intermediate container to the micro 
tube. On this occasion, the intermediate container may be any 
container as long as the container has such a size as to contain 
the entire process subject contained in the plurality of Petri 
dishes, and may not be a single container but a plurality of 
containers. Moreover, as a method of distributing the process 
subject from the intermediate container to the plurality of 
microtubes, the method described in the fifth example may be 
employed. In other words, the distribution is the equal distri 
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bution in principle, but the ratio of the distribution may be set 
by the user, and the amount to be transferred from the inter 
mediate container may be an amount Smaller by a certain 
amount than the entire amount, such as 90% of the process 
Subject contained in the intermediate container. In this way, 
with the transfer symbol conversion unit 23 and the transfer 
rule setting unit 24 according to this embodiment, a job of 
collecting the process Subject to the intermediate container 
and distributing the process Subject to a plurality of containers 
is generated. 
0093 FIG. 11 is a diagram for illustrating a seventh 
example of the protocol chart acquired by the operation com 
mand generation device 1 according to this embodiment. A 
protocol represented by the seventh example represents that, 
after Process A is executed for a Petri dish, which is the first 
container, 100 ul of a content is transferred to a microtube, 
which is the second container, the Petri dish is discarded, 
Process B is executed for the microtube, and the microtube is 
kept in the thermostatic bath at 4°C. On this occasion, a 
number-of-containers symbol 108 including characters 'x3' 
is associated with an initial symbol 100 of “Dish' represent 
ing preparation of Petri dishes. The number-of-containers 
symbol 108 represents that the same process is executed for 
the same type of three Petri dishes. Moreover, a number-of 
containers symbol 108 including characters "x6" is associ 
ated with an initial symbol 100 of “Tube' representing prepa 
ration of microtubes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of six microtubes. 

0094. The protocol chart of this example includes a trans 
fer symbol 105. A number-of-transfers symbol 109 is associ 
ated with the transfer symbol 105. The number-of-transfers 
symbol 109 includes the number (3) of the Petridishes, which 
are the first containers, and the number (6) of the microtubes, 
which are the second containers. Specifically, the number-of 
transfers symbol 109 includes characters “3:6', and the num 
ber of containers of a transfer source is represented on a left 
side of the characters, and the number of containers of a 
transfer destination is represented on a right side of the char 
acterS. 

0.095 A fifth pictogram 110e is associated with the trans 
fer symbol 105. The fifth pictogram 110e is a sign of arrows 
each two of which extend from one of two points arranged on 
the left side of the figure toward two points out of four points 
arranged on the right side of the figure. The number-of-trans 
fers symbol 109 and the fifth pictogram 110e concisely rep 
resent a fifth transfer rule for the case in which the process 
subject is transferred from the three Petri dishes, which are 
the first containers, to the six microtubes, which are the sec 
ond containers. In this example, the fifth transfer rule means 
a transfer rule of distributing, for each of all the sets including 
a single Petri dish and two microtubes, 100 ul of the process 
subject from the single Petri dish to the two microtubes. 
0096. The transfer rule setting unit 24 sets the fifth transfer 
rule when the number of the first containers is at least two, the 
number of the second containers is at least two, and the 
number of the second containers is n (n: integer) times as 
many as the number of the first containers. The transfer sym 
bol conversion unit 23 converts, based on the fifth transfer 
rule, the transfer symbol 105 into a job of repeating a process 
of transferring the process Subject from a single first container 
to n second containers for all the first containers and all the 
second containers. In this example, the number of Petri 
dishes, which are the first containers, is at least two, the 
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number of the microtubes, which are the second containers, is 
at least two, and the number of the microtubes is twice as 
many as the number of the Petridishes. Thus, the transfer rule 
setting unit 24 sets the fifth transfer rule. Moreover, the trans 
fer symbol conversion unit 23 converts, based on the fifth 
transfer rule, the transfer symbol 105 into a job of repeating, 
for all the Petri dishes and all the microtubes, the process of 
transferring the process subject from one Petri dish to two 
microtubes. As a method of distributing the process Subject 
from each of the Petridishes to a plurality of microtubes, the 
method described in the fifth example of the protocol chart 
may be employed. In other words, the distribution is the equal 
distribution in principle. Specifically, in this example, 50ll of 
the process subject is distributed from the first Petri dish to 
each of the first and second microtubes, 50 ul of the process 
subject is distributed from the second Petridish to each of the 
third and fourth microtubes, and 50 ul of the process subject 
is distributed from the third Petri dish to each of the fifth and 
sixth microtubes. Also in this case, the respective transfer 
amounts to the containers of the plurality of transfer destina 
tions may be different from one another based on specifica 
tion by the user. In this way, with the transfer symbol conver 
sion unit 23 and the transfer rule setting unit 24 according to 
this embodiment, when the process subject is transferred 
from a plurality of containers to a plurality of containers, a 
plurality of jobs of each transferring the process Subject from 
the single container to the plurality of containers are gener 
ated. 

0097 FIG. 12 is a diagram for illustrating an eighth 
example of the protocol chart acquired by the operation com 
mand generation device 1 according to this embodiment. A 
protocol represented by the eighth example represents that, 
after Process A is executed for a Petri dish, which is the first 
container, 100 ul of a content is transferred to a microtube, 
which is the second container, the Petri dish is discarded, 
Process B is executed for the microtube, and the microtube is 
kept in the thermostatic bath at 4°C. On this occasion, a 
number-of-containers symbol 108 including characters "x6 
is associated with an initial symbol 100 of “Dish' represent 
ing preparation of Petri dishes. The number-of-containers 
symbol 108 represents that the same process is executed for 
the same type of six Petri dishes. Moreover, a number-of 
containers symbol 108 including characters “x3' is associ 
ated with an initial symbol 100 of “Tube' representing prepa 
ration of microtubes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of three microtubes. 

0098. The protocol chart of this example includes a trans 
fer symbol 105. A number-of-transfers symbol 109 is associ 
ated with the transfer symbol 105. The number-of-transfers 
symbol 109 includes the number (6) of the Petridishes, which 
are the first containers, and the number (3) of the microtubes, 
which are the second containers. Specifically, the number-of 
transfers symbol 109 includes characters “6:3, and the num 
ber of containers of a transfer source is represented on a left 
side of the characters, and the number of containers of a 
transfer destination is represented on a right side of the char 
acterS. 

0099. A sixth pictogram 110f is associated with the trans 
fer symbol 105. The sixth pictogram 110f is a sign of arrows 
each two of which extend from two points out of four points 
arranged on the left side of the figure toward one of two points 
arranged on the right side of the figure. The number-of-trans 
fers symbol 109 and the sixth pictogram 110fconcisely rep 
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resent a sixth transfer rule for the case in which the process 
subject is transferred from the six Petri dishes, which are the 
first containers, to the three microtubes, which are the second 
containers. In this example, the sixth transfer rule means a 
transfer rule of collecting, for each of all the sets including 
two Petridishes and a single microtube, 100 ul of the process 
subject from the two Petri dishes to the single microtube. 
0100. The transfer rule setting unit 24 sets the sixth trans 
ferrule when the number of the first containers is at least two, 
the number of the second containers is at least two, and the 
number of the first containers is n (n: integer) times as many 
as the number of the second containers. The transfer symbol 
conversion unit 23 converts, based on the sixth transfer rule, 
the transfer symbol 105 into a job of repeating a process of 
transferring the process Subject from n first containers to a 
single second container for all the first containers and all the 
second containers. In this example, the number of Petri 
dishes, which are the first containers, is at least two, the 
number of the microtubes, which are the second containers, is 
at least two, and the number of the Petri dishes is twice as 
many as the number of the microtubes. Thus, the transfer rule 
setting unit 24 sets the sixth transfer rule. Moreover, the 
transfer symbol conversion unit 23 converts, based on the 
sixth transfer rule, the transfer symbol 105 into a job of 
repeating, for all the Petri dishes and all the microtubes, the 
process of transferring the process subject from two Petri 
dishes to one microtube. Specifically, in this example, 100 ul 
of the process subject is transferred from each of the first and 
second Petri dishes to the first microtube, 100 ul of the pro 
cess subject is transferred from each of the third and fourth 
Petridishes to the second microtube, and 100 ul of the process 
subject is transferred from each of the fifth and sixth Petri 
dishes to the third microtube. As a result, each of the three 
microtubes contains 200 ul of the process subject. In this way, 
with the transfer symbol conversion unit 23 and the transfer 
rule setting unit 24 according to this embodiment, when the 
process Subject is transferred from a plurality of containers to 
a plurality of containers, a plurality of jobs of each transfer 
ring the process Subject from the plurality of containers to the 
single container are generated. 
0101 FIG. 13 is a diagram for illustrating a ninth example 
of the protocol chart acquired by the operation command 
generation device 1 according to this embodiment. A protocol 
represented by the ninth example represents that, after Pro 
cess A is executed for a Petridish, which is the first container, 
100 ul of a content is transferred to a microtube, which is the 
second container, the Petri dish is discarded, Process B is 
executed for the microtube, and the microtube is kept in the 
thermostatic bath at 4° C. On this occasion, a number-of 
containers symbol 108 including characters “x3' is associ 
ated with an initial symbol 100 of “Dish' representing prepa 
ration of Petridishes. The number-of-containers symbol 108 
represents that the same process is executed for the same type 
of three Petridishes. Moreover, a number-of-containers sym 
bol 108 including characters'x2' is associated with an initial 
symbol 100 of “Tube' representing preparation of micro 
tubes. The number-of-containers symbol 108 represents that 
the same process is executed for the same type of two micro 
tubes. 

0102 The protocol chart of this example includes a trans 
fer symbol 105. A number-of-transfers symbol 109 is associ 
ated with the transfer symbol 105. The number-of-transfers 
symbol 109 includes the number (3) of the Petridishes, which 
are the first containers, and the number (2) of the microtubes, 
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which are the second containers. Specifically, the number-of 
transfers symbol 109 includes characters 3:2, and the num 
ber of containers of a transfer source is represented on a left 
side of the characters, and the number of containers of a 
transfer destination is represented on a right side of the char 
acterS. 

0103) A seventh pictogram 110g is associated with the 
transfer symbol 105. The seventh pictogram 110g is a sign of 
four arrows each extending from one of two points arranged 
on the left side of the figure toward two points arranged on the 
right side of the figure. The number-of-transfers symbol 109 
and the seventh pictogram 110g mean a transfer rule of dis 
tributing 100 ul of the process subject from each of the first to 
third Petridishes to the first and second microtubes, which are 
the second containers. 

0104. The transfer rule setting unit 24 sets a seventh trans 
ferrule when the number of the first containers is at least two, 
the number of the second containers is at least two, and, for 
example, application of the seventh transfer rule is explicitly 
represented on the protocol chart, or Such a setting is made in 
advance that the seventh transfer rule is to be applied prefer 
entially over the first to sixth transfer rules. According to this 
embodiment, the transfer rule setting unit 24 preferentially 
applies the seventh transfer rule over the first to sixth transfer 
rules, and hence, as described in this case, applies the seventh 
transfer rule described below based on a state in which the 
application of the seventh transfer rule is explicitly repre 
sented by the seventh pictogram 110g. In contrast, the transfer 
rule setting unit 24 may be configured to apply the seventh 
transfer rule preferentially, or may permit the selection of the 
priorities of the transfer rules to be applied in response to the 
setting by the user. 
0105. In this example, the application of the seventh trans 
fer rule is explicitly represented by the seventh pictogram 
110g, and the transfer symbol conversion unit 23 thus con 
verts, based on the seventh transfer rule, the transfer symbol 
105 into a job of repeating the process of transferring the 
process Subject from a single first container to all the second 
containers for all the first containers. In this example, the 
transfer symbol conversion unit 23, based on the seventh 
transfer rule, converts the transfer symbol 105 into a job of 
repeating the process of transferring the process Subject from 
one Petri dish to all the microtubes for all the Petri dishes. As 
a method of distributing the process subject from each of the 
Petri dishes to the plurality of microtubes, the method 
described in the fifth example of the protocol chart may be 
employed. In other words, the distribution is the equal distri 
bution in principle. Specifically, in this example, 50 ul of the 
process subject may be transferred from the first Petri dish to 
each of the first and second microtubes, 50 ul of the process 
subject may be transferred from the second Petridish to each 
of the first and second microtubes, and 50 ul of the process 
subject may be transferred from the third Petridish to each of 
the first and second microtubes. As a result, each of the 
microtubes contains 150 ul of the process subject. Moreover, 
Such a point that the respective transfer amounts to the con 
tainers of the plurality of destinations may be different from 
each other based on specification by the user and the like are 
the same as those in the examples described above. In this 
way, with the transfer symbol conversion unit 23 and the 
transfer rule setting unit 24 according to this embodiment, a 
job of transferring the process Subject respectively from a 
plurality of containers to a plurality of containers is gener 
ated. 

May 26, 2016 

0106 FIG. 14 is a diagram for illustrating a tenth example 
of the protocol chart acquired by the operation command 
generation device according to the embodiment of the present 
invention. The protocol chart of the tenth example represents 
a protocol of executing Process A and Process B for two 
microtubes, and then respectively storing the two microtubes 
in the thermostatic baths at 4°C. 
0107. In this example, a consecutive process symbol 111 is 
arranged so as to be associated with two process symbols 103 
representing Processes A and B. The consecutive process 
symbol 111 is represented by a frame line formed by broken 
lines, and association between the process symbols 103 and 
the consecutive process symbol 111 is explicitly represented 
by enclosing the two process symbols 103 representing Pro 
cesses A and B with the frame line. The consecutive process 
symbol 111 encloses the process symbols 103 to be consecu 
tively executed with the frame line, to thereby explicitly rep 
resent that the process symbols 103 are to be consecutively 
executed for a single container (in this example, a single 
microtube). 
0108. In this example, the number-of-containers symbol 
108 is arranged so as to be associated with an initial symbol 
100. The number-of-containers symbol 108 of this example 
includes characters 'x2', and explicitly represents that the 
initial symbol 100 corresponds to two containers. The num 
ber-of-containers extraction unit 14 extracts two, which is the 
number of the containers associated with the initial symbol 
100. The process symbol conversion unit 16 converts process 
symbols representing Processes A and B into jobs of Pro 
cesses A and B to be executed for each of the two microtubes. 

0109. The execution order of the jobs is defined while two 
sets including the initial symbol 100 in which “Tube' is 
written, a final symbol 101, and a procedure line 102 con 
necting the both symbols to each other are considered to be 
arranged as being separated from each other in the second 
direction and arranged at the same position in the first direc 
tion. On this occasion, the consecutive process setting unit 19 
makes such a setting that processes represented by the plu 
rality of process symbols with which the consecutive process 
symbol 111 is associated are to be consecutively executed. 
The process symbol conversion unit 16 receives this setting, 
to thereby convert the plurality of symbols into jobs to be 
consecutively executed for a single container. In this example, 
the consecutive process setting unit 19 makes such a setting as 
consecutively executing Processes A and B for the first micro 
tube and consecutively executing Processes A and B for the 
second microtube. Moreover, the process symbol conversion 
unit 16 converts the two process symbols representing Pro 
cesses A and B into jobs of executing Processes A and B 
consecutively for the first microtube, and then executing Pro 
cesses A and B consecutively for the second microtube. In this 
way, with the consecutive process setting unit 19 according to 
this embodiment, jobs to be consecutively executed for a 
single container are generated. 
0110 FIG. 15 is a diagram for illustrating an eleventh 
example of the protocol chart acquired by the operation com 
mand generation device 1 according to the embodiment of the 
present invention. The protocol chart of the eleventh example 
represents a protocol of executing an agitation process (pro 
cess represented as "MIX”) for a single microtube, and, 
simultaneously in parallel with the agitation process, execut 
ing Processes A and B and a storage process of storing the 
microtube in the thermostatic bath at 4°C. for each of eight 
microtubes, which are other containers. 
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0111. In this example, a parallel process symbol is 
arranged so as to be associated with the process symbols 103 
representing Processes A and B for the eight microtubes. The 
parallel process symbol includes a parallel process start point 
symbol 112, a parallel process section symbol 113, and a 
parallel process end point symbol 114. The parallel process 
start point symbol 112 represents a start point of a section in 
which the agitation process, which is a second process, and 
Processes A and B, which are first processes, are to be 
executed simultaneously in parallel. The parallel process start 
point symbol 112 represents that the second process is the 
agitation process to be executed for one hour by using the 
agitator (“Vortex, 1 h’). The parallel process start point 
symbol 112 is arranged so as to be separated toward the initial 
symbol 100 side with respect to the process symbol 103 of 
Process A in the first direction. With this arrangement, the 
parallel process start point symbol 112 explicitly represents a 
start point of the section in which the parallel process is to be 
executed. 

0112 The parallel process section symbol 113 represents 
the section in which the first processes and the second process 
are to be executed simultaneously in parallel in the first direc 
tion. In this example, the parallel process section symbol 113 
is represented by a frame line formed by broken lines, and 
occupies a certain range in the first direction. The process 
symbol 103 of Process A, the process symbol 103 of Process 
B, and the final symbol 101 for the eight microtubes are 
arranged so as to be separated from the parallel process sec 
tion symbol 113 in the second direction in the range occupied 
by the parallel process section symbol 113 in the first direc 
tion. With this arrangement, Processes A and B and the stor 
age process are explicitly represented as the parallel pro 
cesses to be executed simultaneously in parallel with the 
agitation process. 
0113. The parallel process end point symbol 114 repre 
sents an end point of the section in which the agitation pro 
cess, which is the second process, and Processes A and B, 
which are the first processes, are to be executed simulta 
neously in parallel. The parallel process endpoint symbol 114 
represents that the second process is the agitation process to 
be executed for one hour by using the agitator (“Vortex, 1 
h'). The parallel process end point symbol 114 is arranged 
so as to be separated on a final symbol 101 side for the single 
microtube with respect to the final symbol 101 representing 
the storage process for the eight microtubes. With this 
arrangement, the parallel process end point symbol 114 
explicitly represents an endpoint of the section in which the 
parallel process is to be executed. 
0114. The parallel process setting unit 18 makes such a 
setting that the first processes represented by the process 
symbol with which the parallel process symbol is associated 
and the second process are to be executed simultaneously in 
parallel. The process symbol conversion unit 16 converts, 
based on the setting by the parallel process setting unit 18, the 
process symbols into jobs to be executed simultaneously in 
parallel with the second process. In this example, the parallel 
process setting unit 18 makes Such a setting that Processes. A 
and B represented by the process symbols 103 with which the 
parallel process symbol is associated and the agitation pro 
cess are to be executed simultaneously in parallel. Moreover, 
the process symbol conversion unit 16 converts the process 
symbols 103 representing Processes A and B into jobs of 
Processes A and B for the eight microtubes to be executed 
simultaneously with the agitation process based on the setting 
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by the parallel process setting unit 18. Moreover, in this 
example, the final symbol conversion unit 15 converts the 
final symbol 101 for the eight microtubes into a job of storing 
the eight microtubes in the thermostatic bath at 4°C. simul 
taneously in parallel with the agitation process executed by 
the agitator 8 for the single microtube. In this way, with the 
parallel process setting unit 18 according to this embodiment, 
jobs to be executed simultaneously in parallel with each other 
are generated. 
0115 FIG. 16 is a diagram for illustrating a twelfth 
example of the protocol chart acquired by the operation com 
mand generation device 1 according to the embodiment of the 
present invention. The protocol chart of the twelfth example 
represents a protocol of executing Processes A and B for a 
single microtube on a magnet rack ("Mag Rack'), and then 
storing the microtube in the thermostatic bath at 4° C. A 
magnetic force acts on a container placed on the magnetrack 
in a certain direction, and a content of the container is sepa 
rated into components attracted by the magnetic force and 
components not attracted by the magnetic force. When a 
process is executed while a content of the container is sepa 
rated into a plurality of components, the magnet rack is 
selected as a place for executing the process. 
0116. An area symbol includes an area start point symbol 
115 and an area endpoint symbol 116. The area symbol rep 
resents an area in which processes for a container is to be 
executed, and is arranged so as to be associated with process 
symbols 103 representing the processes. In this example, the 
area start point symbol 115 and the area endpoint symbol 116 
represent the magnet rack, which is the area in which the 
processes for the container are to be executed, by using the 
characters “Mag Rack'. In this example, the area start point 
symbol 115 and the area end point symbol 116 are arranged 
on both sides of the process symbols 103 for Processes A and 
B, which are process symbols for which the work area is 
specified, in the first direction. With this arrangement, the 
association between the area symbol and the process symbols 
are explicitly represented, and the processes to be executed in 
a specific area are explicitly represented. 
0117 The work area setting unit 20 sets a work area in 
which processes represented by process symbols with which 
an area symbol is associated are to be executed. The process 
symbol conversion unit 16 converts the process symbols into 
jobs to be executed in the work area set by the work area 
setting unit 20 based on the setting by the work area setting 
unit 20. In this example, the work area setting unit 20 sets the 
magnet rack as the work area in which Processes A and B 
represented by the process symbols 103 with which the area 
symbol is associated are to be executed. Moreover, the pro 
cess symbol conversion unit 16 converts the process symbols 
103 representing Processes A and B into the jobs of Processes 
A and B to be executed on the magnet rack based on the 
setting by the work area setting unit 20. In this way, the work 
area setting unit 20 according to this embodiment sets a work 
area in which jobs are to be executed. 
0118. The operation command generated by the operation 
command generation unit 12 as described above is provided 
to the robot controller 2. The robot controller 2 rewrites the 
operation command into data which can be read by the robot 
3 depending on necessity, to thereby control the operation of 
the robot 3. The robot 3 executes the protocol represented by 
the protocol chart under the control of the robot controller 2. 
On this occasion, in Some cases, before the protocol is actu 
ally executed, a time required for execution of the protocol 
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needs to be acquired, to thereby check the time required for 
the execution of the protocol in advance. The operation com 
mand generation device 1 according to this embodiment uses 
the execution time calculation unit 25 to calculate the time 
required for execution of jobs generated based on the protocol 
chart. The execution time calculation unit 25 simulates the 
operation of the robot 3, to thereby calculate the time required 
for execution of the protocol. Moreover, the execution time 
calculation unit 25 may define a standard execution time for 
each job, and refer to the standard execution times of respec 
tive jobs acquired by converting respective elements on the 
protocol chart, to thereby calculate a time required for all the 
jobs. 
0119 FIG. 17 is a first flowchart for illustrating operations 
of the operation command generation unit 12 according to 
this embodiment. 

0120 First, in Step ST10, the operation command genera 
tion unit reads a protocol chart acquired by the protocol chart 
acquisition unit 11. Then, in Step ST11, whether the number 
of containers is associated with an initial symbol described in 
the read protocol chart or not is determined. Whether the 
number of containers is associated with the initial symbol or 
not may be determined based on absence/presence of a num 
ber-of-containers symbol, or by reading a parameter accom 
panying the initial symbol. 
0121 When the number of containers is associated with 
the initial symbol, in Step ST12, the number-of-containers 
extraction unit 14 extracts the number of containers associ 
ated with the initial symbol. Then, in Step ST13, the initial 
symbol conversion unit 13 converts the initial symbol 
described on the protocol chart into a job of preparing the 
containers for containing a process Subject. 
0122) Then, in Step ST14, whether or not a process sym 
bol or a transfer symbol that has not been converted into a job 
exists on the protocol chart is determined. When an uncon 
verted process symbol or transfer symbol exists, in Step 
ST15, whether the unconverted symbol is a process symbol or 
a transfer symbol is determined. When the unconverted sym 
bol is a transfer symbol, the operation command generation 
unit 12 proceeds to processing illustrated in FIG. 19. On the 
other hand, when the unconverted symbol is a process sym 
bol, the operation command generation unit proceeds to Step 
ST16, and the process symbol position specification unit 22 
specifies at least two process symbols equal to each other in 
the arrangement position in the first direction. Then, in Step 
ST17, the execution order determination unit 21 determines 
an execution order of a plurality of process symbols based on 
respective arrangement positions of the plurality of process 
symbols on the protocol chart. On this occasion, when at least 
two process symbols are specified by the process symbol 
position specification unit 22, the execution order determina 
tion unit 21 determines an execution order of the specified at 
least two process symbols based on the arrangement positions 
in the second direction. Then, the operation command gen 
eration unit 12 proceeds to processing described in a next 
flowchart. 

0123. In Step ST14, when it is determined that a process 
symbol or a transfer symbol that has not been converted into 
a job does not exist on the protocol chart, in Step ST18, the 
final symbol conversion unit 15 converts a final symbol into a 
job of executing a final process for the container. Then, the 
generation of the operation command by the operation com 
mand generation unit 12 is finished. 
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0.124 FIG. 18 is a second flowchart for illustrating opera 
tions of the operation command generation unit 12 according 
to this embodiment. The second flowchart is an illustration of 
a series of processes executed after the execution order of the 
process symbols is determined in Steps ST15 to ST17 illus 
trated in FIG. 17. 

0.125 First, in Step ST20, the operation command genera 
tion unit 12 determines whether the number of containers 
associated with the initial symbol has been extracted by the 
number-of-containers extraction unit 14 or not. When the 
number of the containers has been extracted, in Step ST21, 
the process symbol conversion unit 16 makes Such a setting 
that a process symbol associated with the initial symbol is 
converted into as many jobs as the extracted number of con 
tainers. 

0.126 Then, in Step ST22, the operation command gen 
eration unit 12 determines whether a process symbol with 
which a repetition line is associated exists or not. When a 
process symbols with which a repetition line is associated 
exists, in Step ST23, the repetition setting unit 17 sets the 
number of repetitions of the process symbol with which the 
repetition line is associated. 
I0127. Then, in Step ST24, the operation command gen 
eration unit 12 determines whether a process symbol with 
which a parallel process symbol is associated exists or not. 
When a process symbol with which a parallel process symbol 
is associated exists, in Step ST25, the parallel process setting 
unit 18 makes Such a setting that a first process represented by 
the process symbol with which the parallel process symbol is 
associated and a second process are to be executed simulta 
neously in parallel. 
I0128. Then, in Step ST26, the operation command gen 
eration unit 12 determines whether a plurality of process 
symbols with which a consecutive process symbol is associ 
ated exist or not. When a plurality of process symbols with 
which a consecutive process symbol is associated exist, in 
Step ST27, the consecutive process setting unit 19 makes 
Such a setting that processes represented by the plurality of 
process symbols with which the consecutive process symbol 
is associated are to be consecutively executed. 
I0129. Further, in Step ST28, the operation command gen 
eration unit 12 determines whether a process symbol with 
which an area symbol is associated exists or not. When a 
process symbol with which an area symbol is associated 
exists, in Step ST29, the work area setting unit 20 sets a work 
area in which a process represented by the process symbol 
with which the area symbol is associated is to be executed. 
0.130 Finally, in Step ST30, the process symbol conver 
sion unit 16 converts the process symbol into a job based on 
the setting of the number of containers, the setting of the 
repetition process by the repetition setting unit 17, the setting 
of the parallel process by the parallel process setting unit 18, 
the setting of the consecutive process by the consecutive 
process setting unit 19, and the setting of the work area by the 
work area setting unit 20. Then, the operation command 
generation unit 12 returns to Step ST14, and continues the 
conversion until an unconverted process symbol or transfer 
symbol no longer exists. 
I0131 FIG. 19 is a third flowchart for illustrating opera 
tions of the operation command generation unit 12 according 
to this embodiment. The third flowchart is an illustration of a 
series of processes executed when the unconverted symbol is 
determined to be a transfer symbol in Step ST15 of FIG. 17. 
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0132) First, in Step ST40, the operation command genera 
tion unit 12 determines whether the number of first contain 
ers, which are containers of a transfer source, is at least two or 
not. When the number of the first containers is at least two, in 
Step ST41, whether the number of second containers, which 
are containers of a transfer destination, is at least two or not is 
determined. 

0133. When the number of the first containers is at least 
two, and the number of the second containers is not at least 
two, that is, the number of the first containers is at least two, 
and the number of the second containers is one, in Step ST42, 
the transfer rule setting unit 24 sets the second transfer rule. 
Then, in Step ST43, the transfer symbol conversion unit 23 
converts, based on the second transfer rule, the transfer sym 
bol into a job of repeating the process of transferring the 
process Subject from the first container to the second con 
tainer for all the first containers. Then, the operation com 
mand generation unit 12 returns to Step ST14, and continues 
the conversion until an unconverted process symbol or trans 
fer symbol no longer exists. 
0134. On the other hand, when the number of the first 
containers is at least two, and the number of the second 
containers is at least two, in Step ST44, the operation com 
mand generation unit 12 determines whether the number of 
the first containers and the number of the second containers 
are equal to each other or not. When the number of the first 
containers and the number of the second containers are equal 
to each other, in Step ST45, the transfer rule setting unit 24 
sets the first transfer rule. Then, in Step ST46, the transfer 
symbol conversion unit 23 converts, based on the first transfer 
rule, the transfer symbol into a job of repeating the process of 
transferring the process Subject from the first container to the 
second containerina one-to-one manner as many times as the 
number of the containers. Then, the operation command gen 
eration unit 12 returns to Step ST14, and continues the con 
version until an unconverted process symbol or transfer sym 
bol no longer exists. 
0135 Moreover, in Step ST40, when the number of the 

first containers is determined not to be at least two, in Step 
ST47, whether the number of the second containers is at least 
two or not is determined. Then, when the number of the 
second containers is determined to be at least two, that is, the 
number of the first containers is one, and the number of the 
second containers is at least two, in Step ST48, the transfer 
rule setting unit 24 sets the third transfer rule. Then, in Step 
ST49, the transfer symbol conversion unit 23 converts, based 
on the third transfer rule, the transfer symbol into a job of 
repeating the process of transferring the process Subject from 
the first container to the second container for all the second 
containers. Then, the operation command generation unit 12 
returns to Step ST14, and continues the conversion until an 
unconverted process symbol or transfer symbol no longer 
exists. 

0136. On the other hand, in Step ST47, when the number 
of the second containers is determined not to be at least two, 
that is, the number of the first containers is one, and the 
number of the second containers is one, in Step ST50, the 
transfer symbol conversion unit 23 converts the transfer sym 
bol into a job of transferring the process subject from the first 
container to the second container. Then, the operation com 
mand generation unit 12 returns to Step ST14, and continues 
the conversion until an unconverted process symbol or trans 
fer symbol no longer exists. 
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I0137) Further, in Step ST44, when the number of the first 
containers and the number of the second containers are deter 
mined not to be equal to each other, in Step ST51, whether the 
number of the second container is an integral multiple of the 
number of the first containers or not is determined. When the 
number of the second containers is determined to be an inte 
gral multiple of the number of the first containers, that is, the 
number of the first containers is at least two, the number of the 
second containers is at least two, and the number of the 
second containers is an integral multiple of the number of the 
first containers, in Step ST52, the transfer rule setting unit 24 
sets the fifth transfer rule. Then, the transfer symbol conver 
sion unit 23 converts, based on the fifth transfer rule, the 
transfer symbol into a job of repeating the process of trans 
ferring the process Subject from a single first container to as 
many second containers as the integer for all the first contain 
ers without an overlap in terms of the second container. Then, 
the operation command generation unit 12 returns to Step 
ST14, and continues the conversion until an unconverted 
process symbol or transfer symbol no longer exists. 
(0.138. In Step ST51, when the number of the second con 
tainers is determined not to be an integral multiple of the 
number of the first containers, in Step ST54, whether the 
number of the first containers is an integral multiple of the 
number of the second containers or not is determined. When 
the number of the first containers is determined to bean inte 
gral multiple of the number of the second containers, that is, 
the number of the first containers is at least two, the number of 
the second containers is at least two, and the number of the 
first containers is an integral multiple of the number of the 
second containers, in Step ST55, the transfer rule setting unit 
24 sets the sixth transfer rule. Then, the transfer symbol 
conversion unit 23 converts, based on the sixth transfer rule, 
the transfer symbol into a job of repeating the process of 
transferring the process Subject from as many first containers 
as the integer to a single second container for all the second 
containers without an overlap in terms of the first container. 
Then, the operation command generation unit 12 returns to 
Step ST14, and continues the conversion until an unconverted 
process symbol or transfer symbol no longer exists. 
(0.139. When, in Step ST54, the number of the first contain 
ers is determined not to be an integral multiple of the number 
of the second containers, that is, the number of the first con 
tainers is at least two, and the number of the second containers 
is at least two, in Step ST57, the transfer rule setting unit 24 
sets the fourth transfer rule or the seventh transfer rule. On 
this occasion, which of the transfer rules is set is defined based 
on a command from the user of the operation command 
generation device 1. Note that, also in Steps ST52 and ST55. 
the fourth transfer rule or the seventh transfer rule may be set 
based on a command from the user. When the fourth transfer 
rule is set in Step ST57, in Step ST58, the transfer symbol 
conversion unit 23 converts, based on the fourth transfer rule, 
the transfer symbol into a job of repeating the process of 
transferring the process Subject from the first container to the 
intermediate container for all the first containers, and then 
repeating the process of transferring the process Subject from 
the intermediate container to the second container for all the 
second containers. On the other hand, when the seventh trans 
ferrule is set in Step ST57, in Step ST58, the transfer symbol 
conversion unit 23 converts, based on the seventh transfer 
rule, the transfer symbol into a job of repeating the process of 
transferring the process Subject from a single first containerto 
all the second containers for all the first containers. Then, the 
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operation command generation unit 12 returns to Step ST14. 
and continues the conversion until an unconverted process 
symbol or transfer symbol no longer exists. 
0140. Each of the configurations in the embodiment above 

is described as a specific example, and the invention disclosed 
in this specification is not intended to be limited to those 
specific configurations themselves. Various modifications 
may be made by a person skilled in the art to the disclosed 
embodiment. For example, the functions, the operation 
method, and the like may be appropriately changed and 
added. Further, the control illustrated in the first to third 
flowcharts may also be appropriately replaced by one having 
the same functions. It is intended that the technical scope of 
the invention disclosed in this specification cover all Such 
modifications. It should be understood by those skilled in the 
art that various modifications, combinations, Sub-combina 
tions and alterations may occur depending on design require 
ments and other factors insofar as they are within the scope of 
the appended claims or the equivalents thereof. 
What is claimed is: 
1. An operation command generation device, comprising: 
an execution order determination unit configured to deter 

mine, based on respective arrangement positions of a 
plurality of process symbols each representing a process 
for a process Subject on a protocol chart comprising the 
plurality of process symbols, an execution order of the 
plurality of process symbols; and 

a process symbol conversion unit configured to respec 
tively convert the plurality of process symbols into jobs 
for a process system comprising at least a robot so that 
processes represented by the plurality of process sym 
bols are executed in the execution order determined by 
the execution order determination unit. 

2. The operation command generation device according to 
claim 1, 

wherein the protocol chart further comprises an initial 
symbol with which at least one process symbol is asso 
ciated, the initial symbol representing a container for the 
process Subject, and 

wherein the operation command generation device further 
comprises an initial symbol conversion unit configured 
to convert the initial symbol into a job of preparing the 
container for containing the process Subject. 

3. The operation command generation device according to 
claim 1, further comprising a process symbol position speci 
fication unit configured to specify at least two process sym 
bols equal to each other in the arrangement position in a first 
direction out of the plurality of process symbols, 

wherein the execution order determination unit is further 
configured to determine an execution order of the at least 
two process symbols specified by the process symbol 
position specification unit based on the arrangement 
positions of the at least two process symbols in a second 
direction intersecting the first direction. 

4. The operation command generation device according to 
claim 1, 

wherein the protocol chart further comprises an initial 
symbol with which at least one process symbol is asso 
ciated, the initial symbol representing a container for the 
process Subject, 

wherein the operation command generation device further 
comprises a number-of-containers extraction unit con 
figured to extract a number of containers associated with 
the initial symbol based on the protocol chart, and 
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wherein the process symbol conversion unit is further con 
figured to convert the process symbol associated with 
the initial symbol into as many jobs as the number of 
containers extracted by the number-of-containers 
extraction unit. 

5. The operation command generation device according to 
claim 1, 

wherein the protocol chart further comprises a transfer 
symbol representing a transfer process of transferring 
the process Subject from a first container to a second 
container, and 

wherein the operation command generation device further 
comprises a transfer symbol conversion unit configured 
to convert the transfer symbol into a job of transferring 
the process subject from the first container to the second 
container. 

6. The operation command generation device according to 
claim 5, further comprising a transfer rule setting unit con 
figured to set a first transfer rule when a number of the first 
containers and a number of the second containers are equal to 
each other, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the first transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from the first container 
to the second container in a one-to-one manner as many 
times as the number of the first containers. 

7. The operation command generation device according to 
claim 5, further comprising a transfer rule setting unit con 
figured to set a second transfer rule when a number of the first 
containers is at least two and the number of the second con 
tainers is one, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the second transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from the first container 
to the second container for all the first containers. 

8. The operation command generation device according to 
claim 5, further comprising a transfer rule setting unit con 
figured to set a third transfer rule when a number of the first 
containers is one and a number of the second containers is at 
least two, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the third transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from the first container 
to the second container for all the second containers. 

9. The operation command generation device according to 
claim 5, further comprising a transfer rule setting unit con 
figured to set a fourth transfer rule when a number of the first 
containers is at least two and a number of the second contain 
ers is at least two, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the fourth transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from the first container 
to an intermediate container for all the first containers, 
and then repeating a process of transferring the process 
subject from the intermediate container to the second 
container for all the second containers. 

10. The operation command generation device according 
to claim 5, further comprising a transfer rule setting unit 
configured to set a fifth transferrule when a number of the first 
containers is at least two, a number of the second containers 
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is at least two, and the number of the second containers is n 
times as many as the number of the first containers, where n is 
an integer, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the fifth transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from a single first con 
tainer to n second containers for all the first containers 
and all the second containers. 

11. The operation command generation device according 
to claim 5, further comprising a transfer rule setting unit 
configured to set a sixth transfer rule when a number of the 
first containers is at least two, a number of the second con 
tainers is at least two, and the number of the first containers is 
n times as many as the number of the second containers, 
where n is an integer, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the sixth transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from n first containers to 
a single second container for all the first containers and 
all the second containers. 

12. The operation command generation device according 
to claim 5, further comprising a transfer rule setting unit 
configured to set a seventh transfer rule when a number of the 
first containers is at least two and a number of the second 
containers is at least two, 

wherein the transfer symbol conversion unit is further con 
figured to convert, based on the seventh transfer rule, the 
transfer symbol into a job of repeating a process of 
transferring the process Subject from a single first con 
tainer to all the second containers for all the first con 
tainers. 

13. The operation command generation device according 
to claim 1, 

wherein the protocol chart further comprises a parallel 
process symbol arranged so as to be associated with a 
process symbol, 

wherein the operation command generation device further 
comprises a parallel process setting unit configured to 
make Such a setting that a first process represented by the 
process symbol and a second process are to be simulta 
neously executed in parallel, and 

wherein the process symbol conversion unit is further con 
figured to convert, based on the setting by the parallel 
process setting unit, the process symbol into a job to be 
simultaneously executed in parallel with the second pro 
CCSS, 

14. The operation command generation device according 
to claim 1, 

wherein the protocol chart further comprises an area sym 
bol arranged so as to be associated with the process 
symbol, 

wherein the operation command generation device further 
comprises a work area setting unit configured to set a 
work area in which the process represented by the pro 
cess symbol is to be executed, and 

wherein the process symbol conversion unit is further con 
figured to convert, based on the setting by the work area 
setting unit, the process symbol into a job to be executed 
in the work area. 
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15. The operation command generation device according 
to claim 1, 

wherein the protocol chart further comprises a repetition 
line arranged so as to be associated with the process 
symbol, 

wherein the operation command generation device further 
comprises a repetition setting unit configured to set a 
number of repetitions of the process symbol, and 

wherein the process symbol conversion unit is further con 
figured to convert the process symbol into a job to be 
repeated as many times as the number of repetitions. 

16. The operation command generation device according 
to claim 3, 

wherein the protocol chart further comprises a consecutive 
process symbol arranged so as to be associated with a 
plurality of process symbols, 

wherein the operation command generation device further 
comprises a consecutive process setting unit configured 
to set consecutive execution of processes represented by 
the plurality of process symbols, and 

wherein the process symbol conversion unit is further con 
figured to convert, based on the setting by the consecu 
tive process setting unit, the plurality of process symbols 
into jobs to be consecutively executed for a signal con 
tainer. 

17. The operation command generation device according 
to claim 1, 

wherein the protocol chart further comprises a final symbol 
representing a final state of the container, and 

wherein the operation command generation device further 
comprises a final symbol conversion unit configured to 
convert the final symbol into a job of executing a final 
process for the container. 

18. The operation command generation device according 
to claim 1, further comprising an execution time calculation 
unit configured to calculate a time required for execution of 
the job generated based on the protocol chart. 

19. A non-transitory computer-readable storage medium 
storing a computer program for causing a computer to func 
tion as the operation command generation device of claim 1. 

20. An operation command generation method, compris 
ing: 

determining, based on respective arrangement positions of 
a plurality of process symbols each representing a pro 
cess for a process Subject on a protocol chart comprising 
the plurality of process symbols, an execution order of 
the plurality of process symbols; and 

respectively converting the plurality of process symbols to 
jobs for a process system comprising at least a robot So 
that processes represented by the plurality of process 
symbols are executed in the execution order determined 
in the determining of the execution order. 

21. A process system, comprising: 
the operation command generation device of claim 1: 
a robot controller configured to control a control Subject 

based on an operation command generated by the opera 
tion command generation device; and 

a robot configured to carryout a process on a process Sub 
ject, the robot being controlled by the robot controller. 
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