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Project 114 defines an open system for marine calculations that consists of three basic building blocks; calculations (Calcs), graphical user interfaces (GUIs), and standardized data files (DBs). This is a technical and organizational solution that reduces complexity and cost, and provides standards for marine design data transfer. It is a bottom-up solution that imposes no fixed design process, and users with and without strong programming skills can add pieces that fit a variety of marine design paths. An open system will encourage many to add in missing pieces that are integrated and work seamlessly.
The goals of Project 114 are an open system, a low learning curve, separation of skills, flexibility, a long "shelf life" for software, user customization, and organizational agreement of data file formats. The key components are the low learning curve and the power and flexibility of the basic building blocks. The marine market is too small to rely on independent commercial software development to provide all needed solutions.

The unique aspect and paradigm shift of Project 114 is to separate the GUI from the calculations. Custom GUIs for each calculation add cost, complexity, and lead to a short "shelf life." There are many examples of "lost" calculations from the old batch programming days and from the old DOS days. Some still keep XP computers just to run those old programs. Also, custom GUIs for each calculation require more programming expertise and limit the ability of naval architects to add in their own programming solutions. One can use spreadsheets, but they become cumbersome, error prone, and difficult to customize beyond simple calculations. There are studies that show that over 80 percent of spreadsheets have errors. Using spreadsheets for complex calculations with cell locations in the formulas invites problems. The solution offered here is to use a spreadsheet for the input and output GUI, but to do the calculations automatically in an external batch calculation. This has many unexpected benefits as described below.


Calculation (Calc Engine) Building Blocks
The main reason old calculation code is lost is due to changes in GUI interfaces. Even now, with phone and tablet apps becoming popular, it’s difficult or impossible to predict changes in user interface tools and how naval architects might want to work. One might want a phone app GUI that validates the data from an inclining test. The GUI might change, but not the underlying calculations. Calculations should not be tied to one GUI.
The solution described here is to create the calculation as a simple console or batch executable program that reads a text file of input and writes an output text file of results. It is also easy to turn this calculation into a separate dynamic link library (DLL) file that could be used inside another program, if desired. This separation of calculations will provide a long “shelf life” and reduce the GUI programming expertise needed by the programmer. The calculation can be programmed in any language and validated separately, and any changes to a GUI interface will not require a revalidation of the calculation. This is not true for all-in-one programs or spreadsheets where any change requires full re-testing. In addition, one calculation “engine” could be run from a variety of GUI front ends. There is no need to tie calculations into one complex and expensive GUI that tries to meet all needs. 
A key benefit of this organization is the separation of skills. Many naval architects have the ability to program calculations, but have not developed the skills for complex GUI programming. Modern GUI programming interfaces (like Qt) are powerful, but they are difficult to learn, and, if that GUI front end is tied one-to-one with some valuable calculations, they can’t be isolated for some other use. With separate calc engines, others can create their own custom GUI and use those calculations for a specific need. This is not about including source code into each new app, but linking (via DLL or EXE) to existing and validated run code. One might feel a general sense of inefficiency in all of this (especially those who have worked with small computers for a long time), but with the speed and buffering of modern computers, connecting between blocks is immediate.
Having a separate calculation program that can run by itself has additional benefits. When the computer world switched over from batch programming to individual PCs with one interactive GUI tied to one set of calculations, many advantages of batch programming were lost, like the “pipes and filters” of Unix systems. The goal of this project is to bring that capability to naval architects with their calculations – the ability to create custom sequences of calculations that are not tied one-to-one with interactive GUI front ends. This will open up a large world of automatic sequencing of calculations and design optimization – all using simple tools that any naval architect can master.

Graphical User Interface (GUI) Building Blocks
Since the calculations are done separately, the executable (exe) or the dynamic link library (DLL) block can be used by any sort of front end, custom written or otherwise. One could use the DLL form as an add-in to a commercial program, like Rhino. This project, however, focuses on the common organization of most calculations; input – calculate – output, where the input is typically design data and geometry files, and the output consists of tables and graphs.  This GUI need is handled very well using standard spreadsheet programs, and with their macro code tools, it’s a simple task to automatically launch an external calc engine and bring back the results. This might seem unnecessary if the calculations can be easily done in the spreadsheet, but this is not the case for many calculations. This separation has been tested with hydrostatics and stability code that could not be written inside of a spreadsheet. Input is done in the first sheet of the spreadsheet, the calculation is launched by clicking on a macro button, the external calc engine is executed, and the results automatically read back in and displayed on following worksheets. The external calculations are fast and the user does not see it happening. From that point on, the user has complete control over graphs and any additional calculations based on that data using the full capabilities of the spreadsheet software. Also, results from any input value changes can be automatically loaded into adjacent columns of the spreadsheet.
The benefits of using a spreadsheet as a common GUI for calculation programs are many. It’s a tool that most kids start to learn in middle school. Spreadsheets are well-developed programs that have an enormous number of tools and customization options. When the external hydro code fills in separate sheets with results, a user can use those values with the formula capability in the spreadsheet to do custom work, such as a special stability rule calculation. It’s not possible for commercial software developers to provide every calculation or to provide the customization tools offered by spreadsheets. In addition, users can decide to write their own custom spreadsheet GUI that launches the same external calc engine. Therefore, one calc engine can have many different GUI front ends that minimize and customize the input for a specific calculation. Also, and more importantly, one spreadsheet GUI could be written by a user that would launch several calc engines in a row if the results from one calculation are needed as input to a second calculation. This split of GUI and calc engines breaks the one-to-one connection of a GUI and a calculation. Carried to its logical conclusion, a user could user could create one GUI that does searching or optimization over a sequence of calc engines, where one of the calc engines is an automatic hull variation tool. All of this could be created by the user from simple GUI and calc engine building blocks provided by others.
Project 114 will provide all of the spreadsheet macro code and explanations to execute external calc engines. It will be an open system with the hope that others will offer their new ideas and solutions. There will be no prescribed design spiral - designers will get to decide how to put the calculations together. Each calc engine will be encouraged to come with a basic spreadsheet front end (open code) so that it can be used immediately, but one that others can customize.

Data File and Database (DB) Building Blocks
At the lowest level, design data is defined by those who create the calculation engines. They have to define what each input and output value means. Simple text files are used and users could execute the calc engine just by editing the input text file and running the program. Calc engines can be stand-alone tools.  Text files (not complex XML file definitions) are used to keep everything as simple as possible. (Even XML has doubters about how long it will be around.) Reading and writing text files are the most common skills learned in programming and the goal is to keep advanced programming techniques (or use of libraries that can become technologically obsolete) separate from the development of a calc engine. Calc engines have to be built by naval architects who understand the equations and have basic programming skills.
However, some sort of higher level data organization and control will make integration of calculations easier for everyone. Is KG or VCG used for a variable name? What coordinate orientations are allowed for hulls and what common station definition file format should be used (encouraged)?  How are design and operating condition data defined and organized? Above the simple calc engine text files there has to be some organization that saves and retrieves the design data. This will allow a better flow of data between calc engines. Rather than typing in all input to each GUI/Calc combination, one should be able to retrieve design data from a vessel database. This is the job of the GUI block, not the calculation block. However, everything will work more smoothly if calc engines use common terms and definitions for data and geometry. It will reduce the need for data translators or converters.
Those who write new calc engines should have one source for data definitions and file formats. These definitions can provide a link between each new calc engine that gets created. A tool could be created that searches for which calc engines use specific data as input or output. Some new calc engines may not have to recreate old calculations if some of their input is calculated elsewhere. For example, if a new resistance calculation needs input from a hydrostatics calculation, then it could be created knowing where to get that data. A GUI front end can then be created that first launches the hydro calculations and then launches the resistance calculation automatically. This could be done by a user with a minimal understanding of how a spreadsheet and macros work. Also, life will be easier if there is one organizational source for agreed-upon data definitions and file formats.
For a design data database, this system will use spreadsheets because they are a common and open tool. There will be one spreadsheet for each new design geometry variation and different worksheets for each new operating condition. The GUI building blocks will have open tools for storing and retrieving design data from a hull’s database. When a user starts a GUI front end to calculations, there can be a macro button that retrieves as much input data as possible from a particular vessel spreadsheet database. Those input fields would be automatically filled in. Likewise, calculation results could also be stored back into the spreadsheet database with one macro.
Note that the database spreadsheet is just an aid and not a requirement. One can still type all input into a GUI front end without having a database for a vessel. There will be no need for understanding larger organizational ideas to just run a calculation.
There will still be a need for independent text files for things like hull station definitions. There may also be a need to use legacy data text file formats, and those who write calc engines should not have to understand a complex data infrastructure just to program a simple calculation. At the very lowest level, it’s all about separate and validated input – calc – output tools that can be used for many purposes.


Recap of Project 114
[bookmark: _GoBack]Project 114 is an open system for encouraging the development of a wide variety of integrated design tools from all members of the marine industry. This is done by defining basic building blocks of Calcs, GUIs, and DBs that can be combined and linked in many different ways. Detailed examples of how to define and build each component will be provided along with two or more full-capability examples. There will also be examples of how one GUI front end can launch several calculations in sequence. Future work can progress in many ways. One will revolve around issues of data definition and data transfer. Another will be to encourage the development of key calculations. And still another will be to encourage or provide low or no cost tools for college and high school students interested in the marine field.
