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System Requirements

This section covers the goals of the design for GK3’s save game system.

1.0 Simple to Use

1.1 Must be simple to “persistify” a class.

Cannot force programmer to reduce the class to a set of basic types – ints, strings, and floats. This would be a pain in the ass (especially because of containers) and require a lot of recoding plus conditional logic in the transfer functions. Must be able to add persistence to a class with a bare minimum of extra work. It should resolve to a simple pattern that can be easily and brainlessly repeated. This makes for easier maintenance and debugging.

1.2 Simple to maintain.

Class structures and relationships will change a lot over time. We shouldn’t end up avoiding changing the structure of the system because “it will screw up save game”. We should instead be able to change things however we like and at worst only mess up existing save game data. Altering an individual class should not require updating anything beyond that class’s own transfer function and version number.

2.0 Safe

2.1 Must support versioning.

As classes change quite a bit we may end up with save games that will be invalidated as new builds come out. We can autodetect changes in classes based on size but that’s about it. Changes in the way a class uses data cannot be detected. Each class will have a version number that will be used to warn the user for older save games and it will be the programmer’s responsibility to keep this up to date.

2.2 Type safety is critical.

All volatile enumerations must be saved as text to prevent problems with synchronization from build to build. All transfers must autodetect their types and how to save/restore the information properly. Collection classes must save an element count along with transferring their elements.

2.3 Minimize duplicated code.

If we are to allow saving and restoring in both text and binary modes, we should not be requiring four separate (unsafe) code paths that have to be maintained. Instead, there should be exactly one place that needs to be updated when a class’s data is changed: the transfer function. It should also be possible to easily add “native types” to the system so that we don’t duplicate the same transfer code in different areas.

3.0 Unobtrusive

3.1 Cannot require changing the size of a class.

Many of the types we have to save (especially those stored in binary form on disk from exporters) cannot have their sizes altered. This means no virtual functions or member data. Everything has to be tracked externally.

3.2 Cannot require adding base classes.

Requiring derivation from a certain base class can be complicated and introduce problems when using multiple inheritance (which we do often). The practice of deriving from a common persistence class (such as TStreamable) will not work for our game.

4.0 Support Debugging

4.1 Must be able to save in text or binary modes.

Saving in text mode is a great debugging tool. It will allow us to create a dump of the entire system and read it back in pseudo-English without requiring any decoding. We can also mess with the text file easily to alter the save file. Also, saving as text will be easier to keep in sync than a binary file. Text files are restored as a database which does not need to be in any particular order. This will make it much easier to preserve older save games.

4.2 Be able to save extra debugging info.

Support saving of extra debug info in text mode via comments. Object addresses, symbol lookups, etc. This can be info that isn’t necessary to rebuild the system on a restore, yet is still pretty helpful when tracking problems.

Operation

5.0 How Our/Any Game Works

5.1 “Forest of trees” for creation relationships.

WinMain() begat GameEngine. Yea, and GameEngine begat App, the file system, and tooltip string lookups. App begat all other singletons, and so on, and so forth.

This generally resembles a tree structure, where App owns all the singletons which in turn own all the rest of the objects in the game. It looks like a forest of trees if we’re talking about who owns what. This is a simple structure to track, because it’s usually very simple to figure out who owns what. It can be graphed and is relatively simple to save. It is volatile though, and may change its structure regularly.

5.2 Spaghetti web for reference relationships.

LayerMgr owns all the simple layers in the game, yet InterfaceMgr refers to them in its layer stack. Sometimes individual objects maintain Layer pointers to remember who they belong to. Actors are referenced by nearly everybody. The cursor could be using anybody’s cursor specification.

As each object is created, it builds connections to other objects, generally for speed. This resembles a random web of spaghetti. It’s difficult to track because we’ve got so many references to so many various locations. The connections are also changing rapidly during app execution. This is the difficult part about saving the game. Because memory addresses cannot (at least not in our app) persist across game sessions, we have a big problem with pointers.

6.0 Save/Restore Game

6.1 Typical save game strategy

The save game strategy in a modern C++ game probably works something like this – each object will either know how to restart itself, or it will upon construction or initialization optionally use a save game file to read in how it should initialize itself. This requires a lot of extra work on the part of the engineer – any time any relationship changes, order of construction, etc., all affected classes must be updated. A class is not able to persist itself in a vacuum – it must also be aware of the classes it uses and the classes it’s used by. In our system we’re not always sure who is creating what, so this can be complicated. Special problems come from attempting to access objects that haven’t been created yet. Mutual references are difficult to solve generically. And don’t even speak to me about reference-counted classes.

The main problem is with pointers. Each pointer must somehow be mapped to a unique identifier using a two-stage process. First deal with the object construction, then deal with the pointers. Build the forest of trees and then backpatch the pointers later. This method is error prone, and there’s the potential for duplicated or recursive saves of objects. Overall on the client end it will be difficult to use and debug, but the save game framework is relatively simple. All the work is done in the classes. This isn’t what we want (remember, it’s got to be simple).

6.2 Our save game strategy

In our system, we map the forest of trees onto a flat two-dimensional grid, with classes going one way and instances going the other. Our forest of trees is based on classes-to-instances rather than owner-instances-to-owned-instances. As each object is created and destroyed, we track its location in an external global database. Each class and each instance will receive its own serial number. Now, any time we do anything with our system we do it by iterating over our prioritized set of arrays and maps. We don’t need to trace through the creation patterns of the system – in fact we don’t even care what structure the system is in – we can just brute force save everything. This actually simplifies things. By saving everything without prejudice we can spend less time worrying about the logic of the save. We simply transfer the entire object and move on. Classes are capable of existing in a vacuum and only need worry about saving themselves.

Here’s how save game works for us. At save time, we iterate through the classes the instances of the classes, saving them all out. Each instance only saves out what it knows about and nothing more. It does not care about anything outside of its immediate self, not even its parent classes or complex members. All pointers are looked up in the global database and converted into a two-integer serial number. Collection classes are flattened and stored as arrays of elements preceded by a count.

At restore time, the system is almost completely shut down and then rebuilt from scratch. The application and all owned objects are killed, including some parts of GameEngine and its parent GEngine. Then, the instances are reconstructed in the same order they were saved out – holes in the grid are filled in via New and the new instances are tracked as before. The new instance serial numbers are mapped onto the save game’s serial numbers. Then, like before, we iterate over all the instances, telling them to load themselves back in. Any pointers are looked up in the reverse index, queried against the global database with the mapped serial numbers, and then resolved to actual pointers. The system restarts itself blindly and everything is in place without worrying about who’s pointing to who.

6.3 The “transfer” function

The transfer (or Xfer) function is what does all the work on the client end. Nearly everything involved in saving and restoring a game is handled by the object database and various persistence support classes. Clients (classes) save and restore themselves in binary and text mode by calling an xfer function on all of their members. The xfer function will automatically figure out whether to save or restore and what format to do it in. There are special xfer functions for transferring collections (for example, deques and maps) as well as pointers and collections of pointers.

7.0 How to “Persistify” a Class

7.1 Step by step

There are just a few steps involved in making a class persistent:

1. Use the SET_INHERITED set of macros.

The RTTI macros (described in a later step) rely on the “Inherited” typedefs that the SET_INHERITED macros set up. Any and all persistent classes must use these macros. The RTTI system will support (for efficiency) a maximum of 3 parent classes per class. Use one of SET_NO_INHERITED, SET_INHERITED, SET_INHERITED2, and SET_INHERITED3 to tell a class who its parents are.

2. Add a DECLARE_RTTI(className) directive in your class header.

This macro sets up some RTTI variables so the system can identify the class. It also declares some persistence methods including special versions of operator new that track how class instances are created.

3. Add a ADD_RTTI_PARENT(baseClassName) directive in your class header.

[This is a safety feature and will not be necessary on most classes.] Certain abstract base classes may have special versions of the DECLARE_RTTI directives in them that will force all derived classes to break unless they have persistence added as well. An example of this is the CameraController class, which is abstract. Any derivatives of this class must be persistified as well, so the CameraController class uses a DECLARE_RTTI_BASE directive. Any derivatives of this class will fail to compile until they are persistified and have an ADD_RTTI_PARENT directive added to them. This is a good way to force persistence in a set of classes. The GNotifyTarget class is another candidate for this.

4. Additionally derive your class from GAutoInstance <className>.

This class will automatically register and deregister instances of your class with the global RTTI database. Add it to the end of the inheritance list for your class. Note that it is a special class that you should pretty much ignore – do not include it in the SET_INHERITED macros and don’t even consider it to be a “parent class”. You’ll never use this directly – it’s a convenience class that saves you the trouble of adding (and maintaining) registration and deregistration code to your ctors and dtors. Also note that each class should be derived from this at each level. So Button will be derived from GAutoInstance <Button>, as will its parent Control, which will be derived from GAutoInstance <Control>.

5. Add a IMPLEMENT_RTTI(className) directive to your class implementation.

There are a few variations on this macro. Generally you’ll be able to use just the simple version, which is IMPLEMENT_RTTIX(className, Y), where X is the number of base classes and Y is the “class version”. It’s critical that the version number is kept up to date. Any changes in the structure of the class data or the way that it’s interpreted must have a matching increment in the version number. It’s not a big deal to change the structure of a class – just make sure the version is kept up to date.

Some of the other variations on this macro include abilities to set the priority level for the class, mark a class as empty or abstract, etc. All of these may be found in the grtti.h header documentation (at the bottom of the file).

Important: you must use the correct number for X in this macro. Messing that up (or forgetting to update it when you add/remove base classes) will cause runtime assertions at save/restore game time.

6. Add a constructor className(eDynamicCtor e).

This special constructor gets called when an object is reconstructed on a load game. Most of the time this function can be empty – it’s needed to bypass any normal initialization that you would do for a class. Since the next function to be called will be the OnPersist method there is absolutely no point in setting up any data from in here. Note: the ‘e’ parameter must be passed to any base classes (except the GAutoInstance <> of course) and any member variables that are tracked in RTTI as well.

7. Add an OnPersist() directive to your class implementation.

This is where all the real work gets done. Each and every member of the class must be transferred here. See the skeleton code for an example. Note that the version is passed in to this function for backwards compatibility from one game version to the next. This versioning is really meant for future patches, not necessarily development builds, so don’t worry about being backwards compatible in binary.

7.2 Skeleton code

Here is a simple class converted to RTTI:

// declaration

class Button : public SpriteControl, GAutoInstance <Button>
{

  public:

    SET_INHERITED(Button, SpriteControl);

    Button(void);

    vrt ~Button()

      {  }

    /* ... member functions ... */

  protected:

    enum eMode

    {

      kIdle,        // normal mode (up)

      kHovering,    // mouse is hovering, we have capture (hover)

      kDraggingIn,  // mouse is down inside, we have capture (down)

      kDraggingOut, // mouse is down outside, we have capture (down)

      kDisabled     // disabled, ignore all (disabled)

    };

    HSprite     mUpSprite;        // sprite for up image

    HSprite     mDownSprite;      // sprite for down image

    HSprite     mHoverSprite;     // sprite for hovering image

    HSprite     mDisabledSprite;  // sprite for disabled image

    GNameBuffer mClickSound;      // object’s name and length

    DWORD       mShortcutKey;     // key to catch

    GNotify     mNotify;          // notification to send when clicked

    bool        mDefault;         // catch 'enter'

    bool        mCancel;          // catch 'esc'

    eMode       mMode;            // current button mode

    static int msButtonCount;     // total number of buttons so far

    static int msButtonsLeft;     // countdown of buttons until y2k

  private:

    DECLARE_RTTI(Button);

    SET_NO_COPYING(Button);

};

// implementation

IMPLEMENT_STATIC_RTTI1(Button, 1 /*version*/);

Button::Button(void)

{

  ::SZeroMembers(mUpSprite, mCancel);

  mMode = kIdle;

}

Button::Button(eDynamicCtor e)

  : Inherited(e)

{

  // this space intentionally left blank...

}

void Button::OnStaticPersist(GPersistState& persistState, dword /*version*/)

{

  persistState.Xfer(GNAME(msButtonCount));

  persistState.Xfer(GNAME(msButtonsLeft));

}

void Button::OnPersist(GPersistState& persistState, dword /*version*/)

{

  persistState.Xfer(GNAME(mUpSprite));

  persistState.Xfer(GNAME(mDownSprite));

  persistState.Xfer(GNAME(mHoverSprite));

  persistState.Xfer(GNAME(mDisabledSprite));

  persistState.XferString(GNAME(mClickSound), ELEMENTCOUNT(mClickSound));

  persistState.Xfer(GNAME(mShortcutKey));

  persistState.Xfer(GNAME(mNotify));

  persistState.Xfer(GNAME(mDefault));

  persistState.Xfer(GNAME(mCancel));

  if (persistState.IsRestoring())

  {

    mMode = kIdle;

  }

}
8.0 Rules That Cannot Be Broken

8.1 When in doubt, ASK

Any system can be fragile and bug prone if used improperly. The save game system is no exception. If you have any questions or are unsure of anything in the system, ASK. Copying similar code from a different class may not end up doing what you want done and may in fact break the system.

8.2 Be anal about synchronizing your persistence and versioning

Always and immediately update your OnPersist function and increment the version number when changing what you are saving out in any way. And whether the data is smaller, larger, or interpreted differently, always be sure to update the version number. Remember that any change of any kind will always invalidate binary save games, so we have to be able to give the user a useful error message about that (this is handled automatically for you). For text mode however, changes are often recoverable. Updating the version number is a good way to let the system figure out whether not it will attempt to recover.

8.3 Think in binary

We happen to support text mode save and restore. Code as if that's not true. Code as if all you can write out is binary, and follow all the usual rules for binary mode - always write in the exact same order that it will be read back in, save sizes and counts before the data, etc. You cannot think in English, you must think in Russian.

Persistence happens in a stream, one way, single pass. The ordering on a load and a save must be identical. This means that if/else blocks are nearly forbidden in OnPersist code, unless the result of the if/else is stored before the data is. Remember that as the data is read back in, the if/else conditions must not change. The same goes for any kind of control logic. If you get away from a simple list of Xfers in your OnPersist code, you’re asking for trouble. Special exception: GPRODUCTION vs. !GPRODUCTION. The development and production builds are completely incompatible with each other with regards to save game code. So don’t worry about making those work together – it’s damn near impossible anyway. 

8.4 Nothing is case sensitive.

Nothing in the entire system is case-sensitive. If you have variable or class names that will clash as a result, rename them. For example, if you’ve got a class called TIMER it will most certainly clash with the class known as Timer, which will cause a startup runtime assertion from the RTTI database.

8.5 Save volatile enums as text

When saving volatile enum types (NOUN and VERB are great examples), always save them in their text version rather than as their integer version – do not cast them to integers. That way, changing an enum by adding or removing elements will not invalidate all other enums in older save files (whether binary or text mode). If an enum is not available as a string, write a function to convert it over. See gdebug.* or constants.* for examples of how to do this in a way that's guaranteed to keep the enum in sync with its string array. Note that if you’ve got an enum which is pretty much internal and doesn’t change a whole lot, just cast it to an integer and xfer that instead. Any time it changes, increment the version number of the class that uses it.

8.6 Xfer handles all

The various xfer functions should be able to do all your work for you. You should never find yourself writing code where you are testing the persist object for saving vs. restoring or text vs. binary mode. You should likewise never be converting data to and from intermediate formats so they will use existing xfer functions. Use the xfer functions that are already there. Generate traits for types that you create so they will xfer properly using the DECLARE_X_TRAITS set of macros. The OnPersist() methods of your classes should consist of little more than a big list of calls to Xfer().

8.7 Only persist your immediate class

Only worry about your own class. Base classes and targets of references and pointers will take care of themselves. Just transfer your own stuff and you will be fine. This includes any GEngine settings. If your class sets values in the GEngine in its constructor, do not do so in the eDynamicCtor version. The GEngine will have its settings fully restored by the time your constructor gets called.

8.8 Avoid statics

Statics will make your save game life hell. The worst kind are function-local statics. Obviously none of these can be persisted because they aren’t accessible from the OnPersist method. Class statics aren’t so bad and may be persisted from OnStaticPersist. As a general rule, statics that live outside your class are a huge potential source of difficult to track bugs. Convert statics to members whenever possible. In the case of singleton objects, they might as well be members anyway.

8.9 Avoid XferBinary()

This function is really meant for special cases where converting to text isn’t really necessary or doesn’t make sense. Saving out a table of some sort perhaps. Anyway, avoid this function – it's tempting to use it on your entire class and save it all in one command, but it makes it 1000x more difficult to keep save games backward compatible, debug problems in save game, and modify data for reloads. Not to mention it utterly fails on pointers.

8.10 Initialize your objects properly in your ctors

Most critical is you initialize your pointers. An uninitialized pointer that you attempt to transfer will not succeed. If you get an assertion in the XferPtr call, check the value of the pointer you’re trying to save. If it’s 0xCDCDCDCD then you have an uninitialized pointer. Fix it up in your constructors – though don’t bother in your eDynamicCtor constructor.

Details

9.0 Runtime Type Identification (RTTI)

9.1 Class information

Each “RTTI-ready” class is registered before the game starts. The DECLARE_RTTI() and IMPLEMENT_RTTI() directives in the .h and .cpp files will set up certain (simple) statics that build a linked list of class RTTI structures in a global database. Each registered runtime class has the following information: name, base classes, inheritance level, tracked instances, version, size, priority, serial id, and pointers to creation and transfer functions.

9.2 Instance information

Generally we (privately) derive each class from a templatized GAutoInstance <className> to automatically register and deregister each instance. Each instance, when constructed, will tell its runtime class that it exists. It will also detect how it came into existence, which may be either via placement-New (STL containers use this), ordinary New, or “default”, which means either as a member of a class or as a base class of a derived instance. Each registered runtime instance has the following information: a pointer to its runtime class, a serial id, and how it was created.

9.3 Making a class RTTI-ready.

All of this information is tracked externally to the classes. 

10.0 Save game format

10.1 Binary

Binary is very simple. With the exception of enumerations and pointers, transferred data is stored by transferring the raw bytes of the object directly. Enumerations must be stored as text (to prevent sync problems) and pointers are first converted to a 64-bit integer (serial + serial) before transferring. A binary save file is a stream and it does not (currently) pay any attention to keys.

11.0 Data types

11.1 Simple

All built-in types (int, char, float) and some more advanced types (CRect, String, GPoint3) are considered “lightweight”. They can store all of their information in a single string.

11.2 Complex

Simple types have members that require separate keys to store information. Complex types are still generally very small and cannot have pointers to themselves stored elsewhere. Complex types usually live as direct members of classes or as the type used on a collection such as a deque or map.

11.3 RTTI

RTTI types are complex types that are either too large for a complex type (i.e. they contain complex types or collections) or they have their addresses taken.
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