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Introduction

In the early days of engineering computing, CAD/CAM products are developed and maketed by individual vendors with core technologies, such as the underlying modeling engine, highly proprietary. 

The late 80’s saw availability of commercial solid modeling kernels, such as ACIS, Parasolid and DesignBase, in the market. These commercial modeling engines gained enormous popularity since 1993 when a large collection of Windows native, mid-range priced CAD products are brought to the market. Led by SolidWorks, Solid Edge, Mechanical Desktop and many other product offerings, all of them are powered by commercial solid modeling kernels –  predominantly Parasolid but some others ACIS.

	Product
	Modeling Kernel
	Notes

	SolidWorks
	Parasolid
	

	Solid Edge
	Parasolid
	Switched from ACIS to Parasolid in 1996

	Pro/DESKTOP
	Parasolid
	Formerly DesignWave from ComputerVision

	Mechanical Desktop
	ACIS
	

	Autodesk Inventor
	ACIS
	Became proprietary after Dassault’s acquisition of Spatial

	IronCAD
	Parasolid & ACIS
	Added Parasolid support in 1998. Dual kernel implementation gives end user model-level kernel choices.

	Microstation
	Parasolid
	Switched from ACIS to Parasolid in 1996

	CADKey
	ACIS
	

	MicroCADAM
	DesignBase
	


Table 1: Some of today’s Windows Native CAD products and their modeling kernel.

Today, while the top high end systems, such as CATIA, Pro/ENGINEER, SDRC and Unigraphics, remain proprietary in their modeling engine, (with the exception of Unigraphics which owns and uses Parasolid), a majority of their mid-range, windows native CAD offerings have standardized on to Parasolid.

 Parasolid is developed and commercially marketed by Unigraphics Solutions Inc. its first version was released in 1988. Since then, the product has gone through many major releases. ACIS on the other hand, had a slight late start, first released in 1989 by Spatial Technology, ACIS gained popularity in engineering and manufacturing vendors with its elegant, new, object-oriented architecture.

As a developer who have led through two rounds of implementation projects converting from ACIS to Parasolid, my summary in this document will primarily focus on the programming differences that one needs to take note of between these two most popular solid modeling engines. 

This document is intended to provide a highlight of some fundamental programming characteristics of Parasolid. Programmers, who have had some CAD exposures to other modeling kernels such as ACIS, would find this document most helpful.

Architecture

Although ACIS and Parasolid share the same historical origin, the two products are fundamentally different in architecture. Programmers, who have got used to the object-oriented development environment ACIS offers, will find a striking difference in programming with Parasolid. Unlike ACIS, where the application have direct access to each and every modeling objects, such as BODY, FACE, EDGE etc and their underlying geometry classes, Parasolid remains largely API based. It offers a clean set of well-defined APIs that are very well documented. All APIs maintain full upward compatibility, requiring no end user code changes during migration. The drawback of such a system is that unlike the object-oriented environment, there is not much utility leveraging other than those offered through the APIs.

Deliverables and Maintenance

Parasolid offers object license only. On the windows platform, both static and dynamic libraries are available. Each comes in one single image. Integration and migration is extremely easy and simple. 

The Parasolid team has a very rigorous quality control with the product release and I have never encountered much regression problems so far with any Parasolid release. Compared with other software deliverables plagued by constant regressions and un-documented changes that a user has to figure out through frustrating build failures or software crashes, I believe every programmer tasked with Parasolid maintenance will have a significantly easy and swift turnaround time.

Programming Aspects

This section lists some areas I consider fundamental to programming with Parasolid.

· Tag and Identifier

Modeling entities in Parasolid all come to the user with an integer value called Tag. Like the ENTITY* pointer in ACIS, this tag is what most Parasolid APIs operate with frequently. The tags of entities within any Parasolid session are guaranteed to be unique. But the value of these tags will not persist through file transmit and receive. To identify any entity in a persistent manner, you need to access the entity’s identifier from its tag. The identifier is easily available through PK_ENTITY_ask_identifier. Exception: Fins (or COEDGE in ACIS term) currently don’t have identifier (at least releases 11 and earlier. Consult release documentation on newer releases).

· PK and KI

PARASOLID currently delivers two sets of APIs - KI (which stands for Kernel Interface)  and  PK (for Parasolid Kernel). Historically, KI is the older, 6-character API set convenient for FORTRAN coding, PK on the other hand, is the newer C style APIs with complex structures. 

Starting with version 10 onward, the PK set has essentially all the functionality found in the KI set (with a few exceptions). Most of the enhancements are going into the PK set rendering the KI set largely in the maintenance mode. 

Unless your programming environment has legacy FORTRAN code, most programmers will find it easier to work with PK functions. Parasolid does allow your application to use KI and PK interchangeably if you so desire. I have also found that some small KI routines, such as CRMINO, come very handy compared to its PK counterpart. Furthermore, although fewer and fewer, there do exist KI functions where PK has not yet made a full coverage – granted, these will quickly be picked up by PK in future releases. In the meantime, if you do have a need to mix PK and KI functions, you have full freedom to do so, but do note the following peculiarity:

1. There is not necessarily a one-to-one correspondence between a KI function and PK function. For example, ENCONT has various PK counterparts, such as PK_FACE_contains_vector, PK_EDGE_contains_vector etc. depending on the entity type sent in.

2. Be particularly aware of special conversions when jumping between PK and KI calls. For example, curve parameters in KI typically needs to be converted using PK_CURVE_convert_param_to_pk before passing into PK calls.

3. Tags are compatible between KI and PK. So are error code returns.

· List Utilities

Programmers familiar with ACIS would testify the convenience of its ENTITY_LIST services. In Parasolid however, no such luxury is easily available. 

KI does offer a variety of list management functions, but you’ll find most of them quite limited by today’s programming standards. Note that if you ever use KI functions, you are likely to run into such list entities. Keep in mind that a list is also an entity like any other, when you are done with it, be sure to use DLENT to delete it. This includes lists returned from KI routines.

· Transformation

Unlike ACIS where a BODY can have a transformation “attached” to it, delaying applying such transformation to its underlying geometry, Parasolid body transformation is applied immediately. When you need to perform a transformation, you create a transformation entity and ask the body to transform using the transformation entity through PK_BODY_transform. Be sure to delete the transformation entity afterwards.

· Session Control

Parasolid offers session rollback and partitioned rollback mechanisms for error recovery and delta state control. You’ll find these capabilities very much parallel to those in ACIS. Notice that you’d need to register and support the delta frustum functions in order to enable partitioned rollback. 

· Attributes

Programmers who’ve dealt with attributes in ACIS know that ACIS has an elaborate mechanism allowing for applications to derive custom attribute classes. Powerful and flexible, it can also be a source of confusion and sometimes, migration pain. Parasolid defines a set of attribute classes with defined behaviors dictating how the attribute will react to every modeling events such as merge, split, move, etc. I have found their classifications to be very general and practical to cover most of the modeling needs in Mechanical Engineering applications. Should you run into other attribute behaviors not supported, Parasolid offers callback mechanisms to enable you to override any particular event’s behavior. Note that these callback mechanisms are available from version 10 onward.

· Faceting and Precision Hidden Line (PHL)

Parasolid faceting can be accessed in two ways: direct API or via GO callbacks. Either way, there are enough faceting parameter controls (probably more than most would expect) for the application to dictate the faceting output, be it graphic or view independent. There is also hatching capabilities built in. Likewise, Parasolid’s PHL capability is accessible through one API call and the classified output segments are returned to the caller through registered GO routines. GO stands for Graphic Output. All these callbacks need to be registered with the frustum when starting the Parasolid session. The PHL capability has proven to be very robust and fast.

· The Frustum
Before you start the session, Parasolid requires that the application register a frustum consisting of a collection of functions that controls the fundamental aspects of the modeling operation. These aspects include transmit, receive, memory management, delta state, GO callbacks, error control etc. Many of these have profound impact on the overall performance of your system and should be studied and programmed carefully.

Getting Started

If you are ready to have a try, Here is all you need to do to get started:

1. Build a project that links with the Parasolid library.

2. Use the sample frustum code that is delivered with Parasolid.

3. Register the frustum in your application and start the Parasolid session.

4. Off you go!

Of course, it’s always easier said than done. There are obviously many specifics that you would run into and need to be aware of as part of the programming process. Feel free to contact me if you have any questions.

