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Technical Overview – caLIMS (cancer Laboratory Information Management System)

1. caLIMS Overview

caLIMS is an "open source" web based LIMS designed to meet the challenges of today's laboratory and adapt to future laboratory needs.  caLIMS was designed to automate the workflow in the laboratory including inventory management (tracking samples and supplies, etc.), project management (tracking projects, performing assays and protocols, collaborating etc.), and general administration (managing laboratory personnel, customers, equipment etc.).  caLIMS was also designed using an open architecture approach and involves the use of object-oriented technologies that leverage the Java programming language.  This allows caLIMS to be easily extended to interface with custom laboratory equipment and analysis software.  By interfacing with analysis software, caLIMS can easily transition towards an Analysis Information Management System (AIMS), which is facilitates online real-time collaborative analysis.  

caLIMS was developed by SAIC in cooperation with the National Cancer Institute Center for Bioinformatics (NCICB) for use in the NCI Advanced Technology Center (ATC) and Laboratory of Population Genetics (LPG) laboratories, which perform a variety of genotyping and sequencing assays.   However, caLIMS was designed in a generic fashion so that it can support a variety of assays and protocols in diverse laboratory types (e.g. genomic, clinical, blood, etc.) and could easily be extended to adapt to other laboratory equipment and analysis tools.

Without customization, caLIMS provides a variety of capabilities. Table 1 identifies the capabilities provided by caLIMS.  Also identified are capabilities that are not provided within the software; however, due to the modular nature of the caLIMS architecture, these features can easily be provided with customizations and extensions.  

	LIMS Capabilities
	Provided by caLIMS
	Requires Customization

	Administration

	User Administration (user accounts, skills, authorities)
	X
	

	Laboratory Administration (laboratory personnel, cost accounts)
	X
	

	Collaborations (collaborate on project results)
	X
	

	Equipment/Storage Devices (equipment/freezer identification)
	X
	

	Customers/Tech Support (maintains customer and support contacts)
	X
	

	Auditing (enable/disable LIMS monitoring)
	X
	

	

	Inventory Management

	Sample Management
	X
	

	Sample Collection Management (plates/cartons or any sample container like 2D gel sets)
	X
	

	Working Stock (aliquots) 
	X
	

	Supplies (reagents, primers, reagent sets)
	X
	

	Inventory Searching
	X
	

	Working Stock Creation from samples and plates
	X
	

	Plate Comparisons
	X
	

	Bar Coding
	
	X

	

	Project Management

	Project Creation - Create re-usable assays, protocols, processes and sub-processes affiliated with a project.  Protocols can be created to support toxicological protein expression studies and may include enzymatic digestion or chemical fragmentation procedures
	X
	

	Project Execution  - Execute projects based on assays and protocols, perform multiple runs of assays
	X
	

	Project Approval (enable or disable)
	X
	

	Project Tracking  - provides project status and tracks the progress associated with performing protocols and procedures used in toxicological protein expression studies
	X
	

	Project Results – The LIMS manages results via file upload and the LIMS UI.  Results include reports (experiment, analysis, and statistical), images (including 2D gel), logs, output files (including files associated with biological, proteomics, toxicological, physiological, clinical chemistry, and histological experiments.  Includes scanning technology parameters).  Results are available on the browser via an FTP link.
	X
	

	Result Annotations (Can log comments with results and assays)
	X
	

	Project Searching
	X
	

	

	Adapters

	3100 Sequencer
	X
	

	3700 Sequencer
	X
	

	Mass Spectrometer
	
	X

	Affymetrix Chip
	
	X

	PCR Cycler
	
	X

	Multiprobe
	
	X

	
	
	

	External Interfaces
	
	

	External Data Sources (e.g. gene
 and protein expression data warehouse)
	
	X

	Lightweight Directory Access Protocol (LDAP)
	X
	

	Image Content Server Interface
	
	X

	Accounting System Interface
	
	X

	Scheduling System Interface
	
	X

	Wireless Devices

	
	X

	
	
	

	Security
	
	

	SSL Encryption
	X
	

	User Account Management (user, passwords, and authorities)
	X
	


Table 1:  LIMS Capabilities

2. caLIMS Architecture

The caLIMS architecture consists of clients, a presentation layer, an object layer, and data sources (See Figure 1).
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Figure 1:  caLIMS Architecture

2.1 Client Layer

Since caLIMS is a web-based system, caLIMS clients are simply industry standard web browsers such as Netscape 4+ and IE 4+.  This keeps client software costs to a minimum.  Clients make requests for HTML over HTTPS (secure HTTP).

2.2 Presentation Layer

The presentation layer of caLIMS is responsible for interacting with users of the system and performing the fundamental operations available for users.  For the presentation layer, caLIMS uses a Web Server (Jakarta Tomcat) that implements the Secure Socket Layer (SSL) for data encryption.  The caLIMS Web Server acts as the servlet and Java Server Pages (JSP) engine.  JSPs are web pages with Java embedded in the HTML to incorporate dynamic content in the page.  caLIMS also makes use of Java servlets, which are server-side programs that web servers run to generate content in response to client requests.  

User accounts are managed at the presentation layer via an interface to the Lightweight Directory Access Protocol (LDAP) or via the caLIMS database.  LDAP is a protocol for storing and accessing account information in a hierarchical fashion.  During caLIMS setup, an administrator can configure caLIMS to manage user accounts via LDAP or the caLIMS database via a configuration file.  Managing accounts via LDAP requires a setting up and configuring an LDAP server and specifying the location of the LDAP server (and backup server) via a configuration file.

caLIMS uses a single servlet, the mediator servlet, to interface with LDAP or the caLIMS database for user account information.  The mediator servlet receives all incoming HTTP requests to the caLIMS system and authenticates the user.  Once the user is authenticated, a session bean is created and attached to the session.  The session bean controls what a user can and cannot do during the session based on his or her defined authority.  Additional beans are also used to manage system-wide permissions and roles.

The presentation layer communicates with the object layer by requesting information from logic objects (See Figure 2).  The mediator servlet sends a request to a role model bean, which determines the legal operations and legal pages for a given authority. The role model gets this information from the permission bean, which stores the permission information for LIMS.  Once the user is authenticated, the request is forwarded to the object layer for processing.
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Figure 2:  Presentation and Object Layer Sequence Diagram

2.3 Object Layer

Object layer technologies include Java logic objects, object managers and manager proxies, and data access objects for persistence.  Java Remote Method Invocation (RMI) is used for object communication and Java Database Connectivity (JDBC) for database connectivity.  The Java Native Interface (JNI) is used for interfacing with laboratory devices.   

The logic objects contain the actual business logic of the system.  A logic object contains a single function for each operation it supports.  The logic object uses one or more manager proxies as needed to perform the operations it supports; this means that the object does not know that the managers actually exist remotely.

The fundamental unit of the caLIMS server is a manager. There are many managers, and the purpose of each one is to provide an API for working with the caLIMS database. Users of the managers do not need to connect to the database or perform SQL queries; that work is "managed" by the managers.

A manager is an ordinary Java object consisting of a set of public functions, each of which performs what could be considered an atomic caLIMS data operation (e.g. SQL insert, update, etc.).  Communication between a manager and the database is performed via database access classes. These access classes are automatically built via an open source code generator for supporting convenient functions for data retrieval, search, and modification. 

There are some managers which do not exist strictly to access database tables but perform some other important task related to describing system state or data.  For example, the file manager is responsible for using FTP to transfer files.  Each manager is exposed to the caLIMS application and to external applications for remote access and usage.  Java RMI is currently used for this purpose; however, the object layer was designed to easily support different methods of communication (e.g. Enterprise Java Beans (EJB)) by abstracting all of the RMI functions via a manager proxy.  Consequently, the manager proxy’s purpose is to hide the fact that the manager is actually remote and communicate with the remote interface.  RMI is part of Java's "Write Once, Run Anywhere" approach.  It provides a simple and direct model for distributed computation with Java objects.  The remote interface communicates with the manage implementation object which instantiates its manager object and uses it to perform the managerial functions.
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Figure 3:  Object Layer Sequence Diagram

2.4 Data Sources

Data sources include the caLIMS database, flat files (raw data from the equipment, reports, etc.), and laboratory devices.  While the NCICB uses the Oracle database as its main database, caLIMS was designed to accommodate a variety of relational databases (Sybase, SQL Server, etc).   

The caLIMS database contains the LIMS schema (See Section 3), which includes laboratory, inventory, and project components.  To allow caLIMS to leverage a variety of relational databases, only standard SQL is used to interface with the database.  

caLIMS leverages a network file system to store project results including raw data files, images, reports, etc.  An FTP client is available to allow users to upload result files via the web.  The FTP client was designed using Java WebStart.  By using the Java WebStart, full-featured applications can be launched with a single click from Web browser. Applications can now be downloaded and launched without going through complicated installation procedures.

To communicate with laboratory devices, the caLIMS architecture provides an adapter, which allow caLIMS to be easily extended to interface with a variety of devices.  Currently, caLIMS adapters have been developed for the Applied Biosystems (ABI) 3100 and 3700 Sequencer.  Implementation of additional adapters requires an adapter that implements the GenericAdapter interface:

public interface GenericAdapter extends Remote {


public ArrayList listEquipmentProperties () 


throws RemoteException;


public byte[] createEquipmentInput (Object[] info) 

throws RemoteException;


public String getEquipmentOutput () throws 


RemoteException;


public Map listOutputProperties() throws 


RemoteException;


public boolean logFileCompletion (Hashtable info) 

throws RemoteException;

}
The GenericAdapter interface ensures that all adapters will be responsible for generating equipment input, managing the equipment output, and logging the output.

To transition caLIMS to an AIMS, adapters can be created to interface directly with existing data analysis tools.  This will facilitate real-time analysis and can be tied directly to a specific assay (e.g. microarray analysis tool interface to microarray based assays).

3. caLIMS Schema

3.1 Data Views

Assay Setup
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Laboratory Inventory
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Project Experiments
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3.2 Data Dictionary

ANALYSIS_TYPE

The kinds of analysis performed by the lab

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ANALYSIS
	VARCHAR2(20)
	The kinds of analysis performed by the labs
	NOT NULL
	Yes
	No


ASSAY

A service performed to create a set of outputs for the customer

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	No


ASSAY_INPUT
The kinds of generic samples or input regents used in an assay, regardless of the protocols used

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY_INPUT_ID
	NUMBER(38)
	A system generated unique identifier for an assay input
	NOT NULL
	Yes
	No

	AMOUNT
	NUMBER
	The amount of input to use
	NULL
	No
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	No
	Yes

	CONCENTRATION
	NUMBER
	The concentration of the input
	NULL
	No
	No

	INPUT_FUNCTION
	VARCHAR2(25)
	The function of an input in a reaction
	NULL
	No
	No

	SAMPLE_TYPE
	VARCHAR2(20)
	The kinds of samples tested by the laboratory
	NULL
	No
	Yes

	SUPPLY_NAME
	VARCHAR2(255)
	The name used to refer to the supply
	NULL
	No
	Yes

	SUPPLY_TYPE
	VARCHAR2(100)
	The kind of supply

	NULL
	No
	Yes

	UNITS
	VARCHAR2(15)
	The units used to measure the input
	NULL
	No
	No


ASSAY_OUTCOME
The data output by a particular assay

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ANALYSIS
	VARCHAR2(20)
	The kinds of analysis performed by the labs
	NOT NULL
	Yes
	No

	EXPERIMENT_DATA_ID
	NUMBER
	A unique identifier for a individual item of data
	NOT NULL
	Yes
	Yes

	APPROVED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the outcome
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NULL
	No
	Yes


ASSAY_OUTPUT
The kinds of data expected from a particular assay

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	OUTPUT_TYPE
	VARCHAR2(100)
	The kinds of output produced by the laboratory during its processes
	NOT NULL
	Yes
	Yes

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NOT NULL
	No
	Yes


ASSAY_PERSONNEL
Persons assigned to a given assay type on a project

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes


ASSAY_PROTOCOL
The assays and their related protocol versions

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PROCESS_ID
	NUMBER
	A unique identifier for a given process
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	PROTOCOL_ID
	VARCHAR2(20)
	A unique identifier for a protocol
	NOT NULL
	Yes
	Yes

	PROTOCOL_SEQUENCE
	NUMBER(38)
	The sequence of the protocol in the assay
	NOT NULL
	Yes
	No

	VERSION
	VARCHAR2(20)
	The protocol version
	NOT NULL
	Yes
	Yes

	CREATE_DATE
	DATE
	The date on which this assay was assigned a particular protocol version
	NULL
	No
	No


ASSAY_SAMPLE
The planned assay of a given sample

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY_SAMPLE_ID
	NUMBER
	Unique identifier for a planned assay of a sample
	NOT NULL
	Yes
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NULL
	No
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NULL
	No
	Yes

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	No
	Yes


AUTHORITY_LEVEL
The authority level of the person such as manager, technician, group leader or none

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NOT NULL
	Yes
	No


CARTON
A collection of samples in a particular container

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CARTON_ID
	NUMBER
	A unique identifier for a carton
	NOT NULL
	Yes
	No

	CARTON_IDENTIFIER
	VARCHAR2(50)
	Identifying tag used by the laboratory for that carton
	NULL
	No
	No

	CONTAINER_TYPE
	VARCHAR2(100)
	The type of container the carton is i.e. a 96 well plate
	NULL
	No
	Yes

	CREATE_DATE
	DATE
	Date this record was created
	NULL
	No
	No

	SHELF_NUMBER
	VARCHAR2(20)
	The place in the storage device to find the shelf
	NULL
	No
	Yes

	SHELF_NUMBER
	VARCHAR2(20)
	The place in the storage device to find the shelf
	NULL
	No
	Yes

	STORAGE_ID
	NUMBER
	Unique identifier for a storage device
	NULL
	No
	Yes


CARTON_SAMPLE
A plate or other container that contains samples

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CARTON_ID
	NUMBER
	A unique identifier for a carton
	NOT NULL
	Yes
	Yes

	COLUMN_NUM
	NUMBER
	The column on which the well or other container is found
	NOT NULL
	Yes
	No

	ROW_NUM
	NUMBER
	The row on which the well or other container is found
	NOT NULL
	Yes
	No

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	Yes
	Yes

	ACTIVE
	VARCHAR2(1)
	If this is the current sample that is in the carton
	NULL
	No
	No


COLLABORATION
A group that shares data on a project or series of projects

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	COLLABORATION
	VARCHAR2(100)
	The name of a group that shares data on a project or series of projects
	NOT NULL
	Yes
	No


COLLABORATION_MEMBER
People who are members of collaboration

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	COLLABORATION
	VARCHAR2(100)
	The name of a group that shares data on a project or series of projects
	NOT NULL
	Yes
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes


CONTAINER_TYPE
Types of plates or other devices, which can group together samples

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CONTAINER_TYPE
	VARCHAR2(100)
	The kind of container that the sample is in
	NOT NULL
	Yes
	No

	CAPACITY
	NUMBER
	The number of items the container can hold
	NULL
	No
	No

	NUMBER_OF_COLUMNS
	NUMBER
	Number of columns in the container
	NULL
	No
	No

	NUMBER_OF_ROWS
	NUMBER
	Number of rows in the container
	NULL
	No
	No


CUSTOMER 
Someone who uses the services of the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CUSTOMER_ID
	VARCHAR2(20)
	A unique identifier for a customer
	NOT NULL
	Yes
	No

	ACTIVE
	VARCHAR2(1)
	If the customer is active
	NULL
	No
	No

	CONTACT
	VARCHAR2(1)
	Is this person a contact for the organization
	NULL
	No
	No

	ORGANIZATION
	VARCHAR2(100)
	The organization or business to which the customer belongs
	NULL
	No
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes


CUSTOMER_REQUEST
These are projects being requested by customers

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	REQUEST_ID
	NUMBER
	A unique identifier for a request
	NOT NULL
	Yes
	No

	COMMENTS
	VARCHAR2(255)
	Comments Pertaining to the request
	NULL
	No
	No

	CREATE_DATE
	DATE
	The date on which the request was created
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	CUSTOMER_ID
	VARCHAR2(20)
	A unique identifier for a customer
	NULL
	No
	Yes

	PAYMENT_TYPE
	VARCHAR2(20)
	The kind of payment to be made for the service
	NULL
	No
	No

	PLANNED_END_DATE
	DATE
	The date on which the customer wishes the project to end on
	NULL
	No
	No

	PLANNED_START_DATE
	DATE
	The date on which the customer wishes the project to start
	NULL
	No
	No

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NULL
	No
	Yes

	PROJECT_TYPE
	VARCHAR2(20)
	The kinds of projects (sequencing, genotyping, other)
	NULL
	No
	Yes

	REQUEST_NAME
	VARCHAR2(255)
	The name by which the project request is referred to
	NULL
	No
	No


DOMAINS
Domains which contain logical groupings of laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	DOMAIN_NAME
	VARCHAR2(100)
	The name used to refer to the domain
	NOT NULL
	Yes
	No


EQUIPMENT_CONTRACT
Laboratory equipment under a given service contract

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CONTACT_ID
	NUMBER
	A unique identifier for a given service contract
	NOT NULL
	Yes
	Yes

	EQUIPMENT_ID
	NUMBER(38)
	A unique identifier for a piece of equipment
	NOT NULL
	Yes
	Yes


EQUIPMENT_FILE
The files used by specific pieces of equipment to implement given generic files in the project

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EQUIPMENT_ID
	NUMBER(38)
	A unique identifier for a piece of equipment
	NOT NULL
	Yes
	Yes

	GENERIC_FILE_NAME
	VARCHAR2(100)
	The generic file name used to refer to a type of file in an assay as the 
	NOT NULL
	Yes
	No

	SPECIFIC_FILE_NAME
	VARCHAR2(100)
	The specific file name that is used on a given piece of equipment to 
	NULL
	No
	No


EQUIPMENT_OUTPUT
The kinds of output produced by the equipment

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EQUIPMENT_TYPE
	VARCHAR2(100)
	The kinds of testing equipment used by the laboratories
	NOT NULL
	Yes
	Yes

	OUTPUT_TYPE
	VARCHAR2(100)
	The kinds of output produced by the laboratory during its processes
	NOT NULL
	Yes
	Yes


EQUIPMENT_TYPE
The kinds of testing equipment used by the laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EQUIPMENT_TYPE
	VARCHAR2(100)
	The kinds of testing equipment used by the laboratories
	NOT NULL
	Yes
	No

	ADAPTER
	VARCHAR2(1)
	If an adapter exists for a type of equipment
	NULL
	No
	No

	COMMENTS
	VARCHAR2(255)
	Comments on the equipment type
	NULL
	No
	No


EXPERIMENT_DATA_LOG
Log of the output of the processes in experiments at the sample level

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_DATA_ID
	NUMBER
	A unique identifier for a individual item of data
	NOT NULL
	Yes
	No

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the output data
	NULL
	No
	No

	DATA_BLOB
	BLOB(4000)
	Data file stored in database
	NULL
	No
	No

	EXPERIMENT_OUTPUT_ID
	NUMBER
	A unique system generated identifier of a given output to the execution of a process
	NOT NULL
	No
	Yes

	EXPERIMENT_SAMPLE_ID
	NUMBER
	A unique identifier for a sample in the project inventory being input into 
	NULL
	No
	Yes

	LOCATION
	VARCHAR2(255)
	The location of the data file on the system
	NULL
	No
	No


EXPERIMENT_INPUT_LOG
Log of the INPUT of the processes in experiments

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_INPUT_ID
	NUMBER
	A unique system generated identifier of a given input to the execution of a
	NOT NULL
	Yes
	No

	AMOUNT
	NUMBER
	The amount of supply used
	NULL
	No
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the INPUT
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	No
	Yes

	PROCESS_INPUT_ID
	NUMBER(38)
	A unique identifier for a process input
	NOT NULL
	No
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	No
	Yes

	SUPPLY_ID
	NUMBER(38)
	A system supplied unique identifier for a supply inventory item
	NULL
	No
	Yes

	TEST_SEQUENCE
	NUMBER
	The sequence of the run of an assay
	NOT NULL
	No
	Yes

	UNITS
	VARCHAR2(15)
	The units used to measure the supply
	NULL
	No
	No


EXPERIMENT_LOG
A run of an assay in a project

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	TEST_SEQUENCE
	NUMBER(38)
	The sequence of the run of an test
	NOT NULL
	Yes
	No

	APPROVED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes


EXPERIMENT_META_DATA_LOG
Log of the meta data of the files in the system

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_METADATA
	NUMBER
	An unique identifier for an item of metadata associated with a file
	NOT NULL
	Yes
	No

	EXPERIMENT_DATA_ID
	NUMBER
	A unique identifier for a individual item of data
	NOT NULL
	No
	Yes

	METADAT_VALUE
	VARCHAR2(255)
	The value of the Meta Data field
	NULL
	No
	No

	METADATA_FIELD
	VARCHAR2(100)
	The field of the Meta Data
	NULL
	No
	No


EXPERIMENT_OUTPUT_LOG
Log of the output of the processes in experiments at the carton level

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_OUTPUT_ID
	NUMBER
	A unique system generated identifier of a given output to the execution of a process
	NOT NULL
	Yes
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the outcome
	NULL
	No
	No

	DATA_BLOB
	BLOB(4000)
	The outcome data if stored in the database
	NULL
	No
	No

	EQUIPMENT_ID
	NUMBER(38)
	A unique identifier for a piece of equipment
	NULL
	No
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	No
	Yes

	LOCATION
	VARCHAR2(255)
	Location of outcome on the file system
	NULL
	No
	No

	PROCESS_OUTPUT_ID
	NUMBER(38)
	A unique identifier for a process output
	NOT NULL
	No
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	No
	Yes

	TEST_SEQUENCE
	NUMBER
	The sequence of the run of an assay
	NOT NULL
	No
	Yes


EXPERIMENT_PROCESS_LOG
A run of a given process in a protocol

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_OUTPUT_ID
	NUMBER
	A unique system generated identifier of a given output to the execution of a process
	NOT NULL
	Yes
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	TEST_SEQUENCE
	NUMBER
	The sequence of the run of an assay
	NOT NULL
	Yes
	Yes

	APPROVED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the execution of the process
	NULL
	No
	No

	COMPLETED
	DATE
	Date on which the process was completed
	NULL
	No
	No

	COMPLETED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes


EXPERIMENT_SAMPLE
The assays of given samples

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EXPERIMENT_SAMPLE_ID
	NUMBER
	A unique identifier for a sample in the project inventory being input into 
	NOT NULL
	Yes
	No

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	No
	Yes

	ASSAY_SAMPLE_ID
	NUMBER
	Unique identifier for a planned assay of a sample
	NULL
	No
	Yes

	LABORATORY_ID
	VARCHAR2(20
	Unique identifier for a laboratory
	NOT NULL
	No
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	No
	Yes

	PROJECT_INVENTORY_ID
	NUMBER
	A system generated unique identifier for a project inventory item
	NOT NULL
	No
	Yes

	TEST_SEQUENCE
	NUMBER
	The sequence of the run of an assay
	NOT NULL
	No
	Yes


LABORATORY
The laboratories in the system

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	No

	DOMAIN_NAME
	VARCHAR2(100)
	The name used to refer to the domain
	NULL
	No
	Yes

	NAME
	VARCHAR2(255)
	Name used to refer to the laboratory
	NULL
	No
	No


LABORATORY_COST_NUMBER
Cost numbers associated with the laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	COST_NUMBER
	VARCHAR2(20)
	A number which determines to whom cost is given for services or goods
	NOT NULL
	Yes
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	DESCRIPTION
	VARCHAR2(255)
	A description of the use of the cost number
	NULL
	No
	No


LABORATORY_EQUIPMENT
The equipment in the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EQUIPMENT_ID
	NUMBER(38)
	A unique identifier for a piece of equipment
	NOT NULL
	Yes
	No

	ACTIVE
	VARCHAR2(1)
	If the equipment is still functional at the lab
	NULL
	No
	No

	ADAPTER
	VARCHAR2(1)
	An adapter to the equipment
	NULL
	No
	No

	ADAPTER_HOST
	VARCHAR2(50)
	Host name of the adapter
	NULL
	No
	No

	ADAPTER_PORT
	NUMBER(38)
	Port for the adapter
	NULL
	No
	No

	COMMENTS
	VARCHAR2(255)
	Comments about the equipment
	NULL
	No
	No

	EQUIPMENT_TYPE
	VARCHAR2(100)
	The kinds of testing equipment used by the laboratories
	NOT NULL
	No
	Yes

	IDENTIFIER_1
	VARCHAR2(100)
	A term used by the laboratory to identify the given piece of equipment
	NOT NULL
	No
	No

	IDENTIFIER_2
	VARCHAR2(100)
	A term used by the laboratory to identify the given piece of equipment
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	LOCATION
	VARCHAR2(50)
	The location of the equipment
	NULL
	No
	No

	RECEIVED_DATE
	DATE
	Date the equipment was received
	NULL
	No
	No

	SUPPLIER
	VARCHAR2(100)
	Organizations that are involved with the laboratories
	NULL
	No
	Yes

	TECH_SUPPORT_ID
	NUMBER(38)
	A unique identifier for a technical support contact
	NULL
	No
	Yes


LABORATORY_INVENTORY
Supplies at the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SUPPLY_ID
	NUMBER(38)
	A system supplied unique identifier for a supply inventory item
	NOT NULL
	Yes
	No

	AMOUNT
	NUMBER
	The amount of supply
	NULL
	No
	No

	COMMENTS
	VARCHAR2(255)
	Comments on the supply
	NULL
	No
	No

	CONTAINER_TYPE
	VARCHAR2(100)
	The kind of container that the sample is in
	NULL
	No
	Yes

	DATE_IN
	DATE
	The date the supply  was available at the lab
	NULL
	No
	No

	DATE_OUT
	DATE
	The date the supply was no longer available at the lab
	NULL
	No
	No

	EXPIRATION_DATE
	DATE
	The expiration date of the supply
	NULL
	No
	No

	IDENTIFICATION
	VARCHAR2(100)
	Lot number of the supply
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	NAME
	VARCHAR2(255)
	Name used to refer to the item of inventory
	NULL
	No
	Yes

	ORIGINAL_AMOUNT
	NUMBER
	The original amount of the supply
	NULL
	No
	No

	STORAGE_ID
	NUMBER
	Unique identifier for a storage device
	NULL
	No
	Yes

	SUPPLY_TYPE
	VARCHAR2(100)
	The kind of supply
	NULL
	No
	Yes

	UNITS
	VARCHAR2(15)
	The units used to measure the supply
	NULL
	No
	No


LABORATORY_PERSONNEL
People who are affiliated with a given laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes

	ACTIVE
	VARCHAR2(1)
	Whether the person is active in the lab (Y/N)
	NULL
	No
	No

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	DEFAULT_FLAG
	VARCHAR2(1)
	Is this the persons default Laboratory
	NULL
	No
	No

	ENABLED
	VARCHAR2(1)
	Whether the person is enabled in the lab (Y/N)
	NULL
	No
	No

	START_DATE
	DATE
	When the person started with the lab
	NULL
	No
	No


LABORATORY_PROJECT
Projects happing at given laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	ADMINISTRATIVE_FLAG
	VARCHAR2(1)
	Is this the home or administering lab for the project
	NULL
	No
	No


MATERIALS
Supplies for experiments which are created in the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SUPPLY_ID
	NUMBER(38)
	A system supplied unique identifier for a supply inventory item
	NOT NULL
	Yes
	Yes

	CONCENTRATION
	VARCHAR2(50)
	The concentration of the material
	NULL
	No
	No


NON_LDAP_INFORMATION
Information about individuals who are not in the LDAP system

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes

	ADDRESS_1
	VARCHAR2(100)
	First line of physical address
	NULL
	No
	No

	ADDRESS_2
	VARCHAR2(100)
	Second line of physical address
	NULL
	No
	No

	ADDRESS_3
	VARCHAR2(100)
	Third line of physical address
	NULL
	No
	No

	CITY
	VARCHAR2(100)
	City of physical address
	NULL
	No
	No

	COUNTRY
	VARCHAR2(100)
	Country of physical address
	NULL
	No
	No

	EMAIL_ADDRESS
	VARCHAR2(100)
	The email address
	NULL
	No
	No

	FAX
	VARCHAR2(100)
	Fax number
	NULL
	No
	No

	FIRST_NAME
	VARCHAR2(30)
	Persons first name
	NULL
	No
	No

	LAST_NAME
	VARCHAR2(30)
	Persons last name
	NULL
	No
	No

	MIDDLE_NAME
	VARCHAR2(10)
	Persons middle initial
	NULL
	No
	No

	PHONE
	VARCHAR2(20)
	Phone number
	NULL
	No
	No

	POSTAL_CODE
	VARCHAR2(15)
	Postal code of physical address
	NULL
	No
	No

	STATE_OR_PROVINCE
	VARCHAR2(100)
	State or province of physical address
	NULL
	No
	No


ORGANIZATION
Organizations that are involved with the laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ORGANIZATION
	VARCHAR2(100)
	Organizations that are involved with the laboratories
	NOT NULL
	Yes
	No

	ADDRESS_1
	VARCHAR2(100)
	First line of physical address
	NULL
	No
	No

	ADDRESS_2
	VARCHAR2(100)
	Second line of physical address
	NULL
	No
	No

	ADDRESS_3
	VARCHAR2(100)
	Third line of physical address
	NULL
	No
	No

	CITY
	VARCHAR2(100)
	City of physical address
	NULL
	No
	No

	COUNTRY
	VARCHAR2(100)
	Country of physical address
	NULL
	No
	No

	EMAIL_ADDRESS
	VARCHAR2(100)
	The email address
	NULL
	No
	No

	FAX
	VARCHAR2(100)
	Fax number
	NULL
	No
	No

	ORGANIZATION_TYPE
	VARCHAR2(20)
	The kinds of organizations that interact with the LIMS
	NULL
	No
	Yes

	PHONE
	VARCHAR2(20)
	Phone number
	NULL
	No
	No

	POSTAL_CODE
	VARCHAR2(15)
	Postal code of physical address
	NULL
	No
	No

	STATE_OR_PROVINCE
	VARCHAR2(100)
	State or province of physical address
	NULL
	No
	No

	WEB_ADDRESS
	VARCHAR2(100)
	The web address of an organization
	NULL
	No
	No


ORGANIZATION_TYPE
The kinds of organizations that interact with the LIMS

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ORGANIZATION_TYPE
	VARCHAR2(20)
	The kinds of organizations that interact with the LIMS
	NOT NULL
	Yes
	No


OUTPUT_TYPE
The kinds of output produced by the laboratory during its processes

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	OUTPUT_TYPE
	VARCHAR2(100)
	The kinds of output produced by the laboratory during its processes
	NOT NULL
	Yes
	No


PERSON
People in some way connected to the LIMS system

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	No

	LDAP_IDENTIFIER
	VARCHAR2(100)
	An identifier used in an LDAP query to retrieve the details of the person
	NULL
	No
	No


PERSON_SKILL
The skills of people

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes

	SKILL
	VARCHAR2(50)
	A skill used by the laboratory
	NOT NULL
	Yes
	Yes


PROCESS
The steps that are used by the lab to perform protocols

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL
	Yes
	No

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	DESCRIPTION
	VARCHAR2(255)
	What to do during the process
	NULL
	No
	No

	DURATION
	NUMBER
	How long to do the process if applicable
	NULL
	No
	No

	DURATION_UNITS
	VARCHAR2(10)
	Units of time for the duration
	NULL
	No
	No

	ITERATE_TIMES
	NUMBER
	The number of times to iterate a particular process
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	NAME
	VARCHAR2(100)
	The name used to refer to the process
	NULL
	No
	No

	PROCESS_TYPE
	VARCHAR2(20)
	The kinds of processes that can be executed in a protocol
	NULL
	No
	Yes


PROCESS_DETAIL
A listing in sequential order of the sub processes needed to implement a process

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL
	Yes
	Yes

	SEQUENCE
	NUMBER
	Sequence of the sub process
	NOT NULL
	Yes
	No

	SUB_PROCESS
	NUMBER
	A unique identifier for a process
	NOT NULL
	Yes
	Yes


PROCESS_EQUIPMENT
Equipment used for a given process

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	EQUIPMENT_TYPE
	VARCHAR2(100)
	The kinds of testing equipment used by the laboratories
	NOT NULL 
	Yes
	Yes

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL 
	Yes
	Yes


PROCESS_INPUT
The kinds of inputs planned at the process level

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_INPUT_ID
	NUMBER
	A unique identifier for a process input
	NOT NULL
	Yes
	No

	AMOUNT
	NUMBER
	The units used to measure the input
	NULL
	No
	No

	CONCENTRATION
	NUMBER
	The units used to measure the input
	NULL
	No
	No

	INPUT_FUNCTION
	VARCHAR2(25)
	The function of an input in a reaction
	NULL
	No
	No

	OUTPUT_TYPE
	VARCHAR2(100)
	The kinds of output produced by the laboratories
	NULL
	No
	No

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL
	No
	Yes

	SUPPLY_NAME
	VARCHAR2(255)
	The name used to refer to the supply
	NULL
	No
	Yes

	SUPPLY_TYPE
	VARCHAR2(100)
	The kind of supply
	NULL
	No
	Yes

	UNITS
	VARCHAR2(15)
	The amount of input to use
	NULL
	No
	No


PROCESS_OUTPUT
The planned output of processes

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_OUTPUT_ID
	NUMBER
	A unique identifier for a process output
	NOT NULL
	Yes
	No

	OUTPUT_TYPE
	VARCHAR2(100)
	The kinds of output produced by the laboratory during its processes
	NOT NULL
	No
	Yes

	PROCESS_ID
	NUMBER
	A unique identifier for a process
	NOT NULL
	No
	Yes


PROCESS_TYPE
The kinds of processes that can be executed in a protocol

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_TYPE
	VARCHAR2(20)
	The kinds of processes that can be executed in a protocol
	NOT NULL
	Yes
	No


PROJECT
All assays to be performed on a set of samples

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	No

	ACTIVE
	VARCHAR2(1)
	If the project is currently active
	NULL
	No
	No

	ACTUAL_END_DATE
	DATE
	The date on which the project ended
	NULL
	No
	No

	ACTUAL_START_DATE
	DATE
	The date on which the project started
	NULL
	No
	No

	APPROVED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments about the project
	NULL
	No
	No

	COST_NUMBER
	VARCHAR2(20)
	A number which determines to whom cost is given for services or goods
	NULL
	No
	No

	CUSTOMER_ID
	VARCHAR2(20)
	A unique identifier for a customer
	NULL
	No
	Yes

	NAME
	VARCHAR2(255)
	The name by which the project is referred to
	NULL
	No
	No

	PLANNED_END_DATE
	DATE
	The date on which the project should end
	NULL
	No
	No

	PLANNED_START_DATE
	DATE
	The date on which the project should start
	NULL
	No
	No


PROJECT_ASSAY
An assay to run for a specific project

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	APPROVED_BY
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes

	ASSAY_SEQUENCE
	NUMBER(38)
	The sequence of the assay in the project
	NULL
	No
	No

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	COMMENTS
	VARCHAR2(2000)
	Textual comments about the assay to be performed
	NULL
	No
	No


PROJECT_COLLABORATION
Projects that a particular collaboration participates in

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	COLLABORATION
	VARCHAR2(100)
	The name of a group that shares data on a project or series of projects
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes


PROJECT_INVENTORY
All samples associated with a given project

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROJECT_INVENTORY_ID
	NUMBER(38)
	A system generated unique identifier for a project inventory item
	NOT NULL
	Yes
	No

	CARTON_ID
	NUMBER
	A unique identifier for a carton
	NOT NULL
	No
	Yes

	COLUMN_NUM
	NUMBER
	The column on which the well or other container is found
	NOT NULL
	No
	Yes

	DATE_IN
	DATE
	The date the item went into a particular storage location
	NULL
	No
	No

	DATE_OUT
	DATE
	The date the item went out of a particular storage location
	NULL
	No
	No

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	No
	Yes

	ROW_NUM
	NUMBER
	The row on which the well or other container is found
	NOT NULL
	No
	Yes

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	No
	Yes


PROJECT_PERSONNEL
Lab personnel involved in a given project at a given authority level

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NOT NULL
	Yes
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NOT NULL
	Yes
	Yes

	PROJECT_ID
	VARCHAR2(20)
	A unique identifier for a project
	NOT NULL
	Yes
	Yes

	AUTHORITY_LEVEL
	VARCHAR2(100)
	The authority level of the person such as manager, technician, group leader
	NULL
	No
	Yes

	ROLE
	VARCHAR2(20)
	The role you can have in a project
	NULL
	No
	Yes


PROJECT_TYPE
The types of projects

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROJECT_TYPE
	VARCHAR2(20)
	The kinds of projects (sequencing, genotyping, other)
	NOT NULL
	Yes
	No


PROTOCOL
Template for the steps that must be performed to accomplish a given task

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROTOCOL_ID
	VARCHAR2(20)
	A unique identifier for a protocol
	NOT NULL
	Yes
	No

	VERSION
	VARCHAR2(20)
	The protocol version
	NOT NULL
	Yes
	No

	ACTIVE
	VARCHAR2(1)
	A flag for an active or inactive protocol (Y/N)
	NULL
	No
	No

	COMMENTS
	VARCHAR2(2000)
	Comments pertaining to the protocol
	NULL
	No
	No

	FILE_LOCATION
	VARCHAR2(100)
	Where a file describing the protocol is located
	NULL
	No
	No

	NAME
	VARCHAR2(255)
	The name used to refer to the protocol
	NULL
	No
	No

	PROTOCOL_TYPE
	VARCHAR2(100)
	The kinds of protocols used by the laboratories
	NULL
	No
	Yes

	SOURCE
	VARCHAR2(255)
	Who developed the protocol or where it came from
	NULL
	No
	No


PROTOCOL_PROCESS
The correlation of protocols to the processes that implement them

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROCESS_ID
	NUMBER
	The process id of a given protocol
	NOT NULL
	Yes
	Yes

	PROTOCOL_ID
	VARCHAR2(20)
	The protocol id of a given process
	NOT NULL
	Yes
	Yes

	VERSION
	VARCHAR2(20)
	Version number of a protocol
	NOT NULL
	Yes
	Yes


PROTOCOL_TYPE
The kinds of protocols available

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	PROTOCOL_TYPE
	VARCHAR2(100)
	The kinds of protocols used by the laboratories
	NOT NULL
	Yes
	No


PURCHASED_SUPPLIES
Supplies which are purchased from outside sources

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SUPPLY_ID
	NUMBER(38)
	A system supplied unique identifier for a supply inventory item
	NOT NULL
	Yes
	Yes

	COST
	NUMBER
	Cost of the supply
	NULL
	No
	No

	REQUEST_DATE
	DATE
	When a request for the given supply was given
	NULL
	No
	No

	SHIP_DATE
	DATE
	When the supply was shipped
	NULL
	No
	No

	SUPPLIER
	VARCHAR2(100)
	A company that supplies reagents and solutions to the laboratories
	NULL
	No
	Yes


REQUEST_ANALYSIS
The kinds of analysis requested by the customer

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ANALYSIS
	VARCHAR2(20)
	The kinds of analysis done by the labs
	NOT NULL
	Yes
	Yes

	REQUEST_ID
	NUMBER
	A unique identifier for a request
	NOT NULL
	Yes
	Yes


REQUEST_ASSAY
The Assays requested by a customer

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ASSAY
	VARCHAR2(150)
	A given assay, such as Genetic Mapping
	NOT NULL
	Yes
	Yes

	REQUEST_ID
	NUMBER
	A unique identifier for a request
	NOT NULL
	Yes
	Yes


REQUEST_CARTON
The virtual holder for samples when a customer makes a request

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	RCARTON_ID
	NUMBER
	A unique identifier for a request carton
	NOT NULL
	Yes
	No

	CARTON_ID
	NUMBER
	A unique identifier for a carton
	NULL
	No
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments the customer has made about the samples in the carton
	NULL
	No
	No

	CONTAINER_TYPE
	VARCHAR2(20)
	The kind of container that the sample is in
	NULL
	No
	Yes

	IDENTIFIER
	VARCHAR2(100)
	A customer chosen identifier for a carton
	NULL
	No
	No

	REQUEST_ID
	NUMBER
	A unique identifier for a request
	NULL
	No
	Yes


REQUEST_CARTON_SAMPLE
The wells on a plate that contain samples to be shipped by the customer

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	COLUMN_NUM
	NUMBER(38)
	The column on which the well or other container is found
	NOT NULL
	Yes
	No

	RCARTON_ID
	NUMBER
	A unique identifier for a request carton
	NOT NULL
	Yes
	Yes

	ROW_NUM
	NUMBER(38)
	The row on which the well or other container is found
	NOT NULL
	Yes
	No

	RSAMPLE_ID
	NUMBER
	A unique identifier for a sample in a customer request
	NOT NULL
	Yes
	Yes


REQUEST_SAMPLE
A template for samples that are going to be shipped by the customer

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	RSAMPLE_ID
	NUMBER
	A unique identifier for a sample in a customer request
	NOT NULL
	Yes
	No

	COMMENTS
	VARCHAR2(255)
	Comments on the sample
	NULL
	No
	No

	CONCENTRATION
	NUMBER
	The concentration of dilutions
	NULL
	No
	No

	CONCENTRATION_UNITS
	VARCHAR2(20)
	The units of the concentration
	NULL
	No
	No

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NULL
	No
	Yes

	SAMPLE_TYPE
	VARCHAR2(20)
	The kinds of samples tested by the laboratory
	NULL
	No
	Yes


ROLE
The job function that a person can have in a project such as QC, Sequencer, Genotype Analysis

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	ROLE
	VARCHAR2(20)
	The job function that a person can have in a project such as QC
	NOT NULL
	Yes
	No


SAMPLE
An item on which test will or have been performed

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	Yes
	No

	COMMENTS
	VARCHAR2(100)
	Comments pertaining to the sample
	NULL
	No
	No

	CONCENTRATION
	NUMBER
	The concentration of dilutions
	NULL
	No
	No

	CONCENTRATION_UNITS
	VARCHAR2(20)
	The units of the concentration
	NULL
	No
	No

	CONTROL_FLAG
	VARCHAR2(1)
	If the sample is a control i.e. CEPH DNA
	NULL
	No
	No

	DERIVED_FROM
	NUMBER(20)
	ID of sample if this was derived from a different sample
	NULL
	No
	Yes

	EXHAUSTED_FLAG
	VARCHAR2(1)
	Flag for exhausted samples
	NULL
	No
	No

	IDENTIFICATION
	VARCHAR2(50)
	The Alfa-numeric sequence that is used in the lab to identify the sample
	NOT NULL
	No
	No

	INVESTIGATOR_ID
	VARCHAR2(150)
	The id used by the investigator to refer to the sample
	NULL
	No
	No

	SAMPLE_TYPE
	VARCHAR2(20)
	The kinds of samples tested by the laboratory
	NULL
	No
	No


SAMPLE_POOL
Samples that have been pooled together

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	POOL_SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	Yes
	Yes

	SAMPLE_ID
	NUMBER
	A system generated unique identifier for a sample
	NOT NULL
	Yes
	Yes

	COMMENTS
	VARCHAR2(255)
	Comments pertaining to the sample pool.
	NULL
	No
	No


SAMPLE_TYPE
The kinds of samples tested by the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SAMPLE_TYPE
	VARCHAR2(20)
	The kinds of samples tested by the laboratory
	NOT NULL
	Yes
	No


SERVICE_CONTACT
Service contracts maintained by the laboratories for equipment or software

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	CONTACT_ID
	NUMBER
	A unique identifier for a given service contract
	NOT NULL
	Yes
	No

	ACTIVE
	VARCHAR2(1)
	If the service contract is active
	NULL
	No
	N

	BEGIN_DATE
	DATE
	When the service contract began or begins
	NULL
	No
	No

	CONTRACT_TYPE
	VARCHAR2(255)
	The kind of service contract
	NULL
	No
	No

	DESCRIPTION
	VARCHAR2(255)
	A description of the service contract
	NULL
	No
	No

	END_DATE
	DATE
	When the service contract ends or ended
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	SUPPLIER
	VARCHAR2(100)
	Organizations that are involved with the laboratories
	NULL
	No
	Yes


SKILL
A skill used by the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SKILL
	VARCHAR2(50)
	A skill used by the laboratory
	NOT NULL
	Yes
	No


STORAGE_DEVICE
The storage devices in a laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	STORAGE_ID
	NUMBER
	Unique identifier for a storage device
	NOT NULL
	Yes
	No

	ENVIRONMENT_DESCRIPT
	VARCHAR2(255)
	A description of the environmental conditions of a particular storage 
	NULL
	No
	No

	EQUIPMENT_ID
	NUMBER(38)
	A unique identifier for a piece of equipment
	NULL
	No
	Yes

	IDENTIFIER
	VARCHAR2(100)
	How the piece of equipment is referred to in the laboratory
	NULL
	No
	No

	LABORATORY_ID
	VARCHAR2(20)
	Unique identifier for a laboratory
	NULL
	No
	Yes

	STORAGE_TYPE
	VARCHAR2(50)
	The kinds of storage devices used by the laboratories
	NULL
	No
	Yes


STORAGE_SHELF
The shelves available in the storage device

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SHELF_NUMBER
	VARCHAR2(20)
	The place in the storage device to find the shelf
	NOT NULL
	Yes
	No

	STORAGE_ID
	NUMBER
	Unique identifier for a storage device
	NOT NULL
	Yes
	Yes


STORAGE_TYPE
The kinds of storage devices used by the laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	STORAGE_TYPE
	VARCHAR2(50)
	The kinds of storage devices used by the laboratories
	NOT NULL
	Yes
	No


SUPPLY
The supplies used by a laboratory, such as a specific primer or reagent

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SUPPLY_NAME
	VARCHAR2(255)
	The name used to refer to the supply
	NOT NULL
	Yes
	No

	SUPPLY_TYPE
	VARCHAR2(100)
	The kind of supply
	NOT NULL
	Yes
	Yes

	STORAGE_REQUIREMENTS
	VARCHAR2(200)
	The environmental or other conditions required for the supply
	NULL
	No
	No


SUPPLY_TYPE
The kind of supplies used by the laboratories

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	SUPPLY_TYPE
	VARCHAR2(100)
	The kind of supply
	NOT NULL
	Yes
	No


TECHNICAL_SUPPORT
The people who supply technical support for equipment in the laboratory

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	TECH_SUPPORT_ID
	NUMBER
	A unique identifier for a technical support contact
	NOT NULL
	Yes
	No

	DESCRIPTION
	CHAR(18)
	A description of the technical support given
	NULL
	No
	No

	ORGANIZATION
	VARCHAR2(100)
	Organizations that are involved with the laboratories
	NULL
	No
	Yes

	PERSON_ID
	VARCHAR2(20)
	A unique identifier for a person
	NULL
	No
	Yes


UNITS
Lookup table for units

	Column Name
	Data Type
	Comment
	Nulls?
	Primary?
	Foreign?

	UNIT_TYPE
	VARCHAR2(20)
	Code for the unit
	NOT NULL
	Yes
	No

	UNITS
	VARCHAR2(50)
	Description of the unit
	NOT NULL
	Yes
	No


4. Summary

caLIMS has a variety of architectural advantages.  Since it was implemented using an N-tiered architecture, the user interface is separate from the business logic and data access layers.  Its distributed nature, accomplished via Java RMI, facilitates load balancing.  Additionally, leveraging the Java programming language provides portability and consequently, caLIMS can be hosted on both Windows and Unix operating systems.   Its modular nature allows caLIMS to be extensible and consequently, new interfaces (equipment adapters, analysis tools) can be easily added to support new functionality.  
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� caLIMS currently does not interface with a gene expression database.  However, an open source gene expression database is available at NCICB and an interface can be provided.  The gene expression database conforms to the MAGEML standard.


� Since the LIMS is accessed via the Web, a wireless laptop can be used.  Support for PDAs is currently not available.
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