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Overview
The Plan Generator is responsible for generating query plans in C-Store. A plan is an acyclic graph (not a tree!), where nodes represent operators (or, in certain cases, collections of operators) and edges represent the flow of data between operators. There is always one root node. This is an example of a query plan. In this example, we say B is A’s child and B is C’s parent.


Plans are constructed in a bottom-up fashion, with children being passed to the constructor’s of their parents.

C/C++ code of plan generator can be found in the C-Store release in the root directory in the /src/plan/ subdirectory.

There are five different kinds of nodes:

1. Leaf nodes

These nodes do not have any children. They are named *Node. All leaf nodes (except Node) inherit from Node and are stored at src/plan/Nodes.  Examples of leaf nodes include AM operators that read data from disk.

Node is a base node.

2. Unary nodes

These nodes have one child. They are named U*Node. All unary nodes (except UNode) inherit from UNode and are stored at src/plan/UNodes. UNodes inherits from Node.

The unique child node of a unary node is named m_lpChild 

3. Binary nodes

These nodes have two children. They are named B*Node. All binary nodes (except BNode) inherit from BNode and are stored at src/plan/BNodes. BNode inherits from Node.

The two child nodes of a binary node are named m_lpLeft and m_lpRight. Usually, the left and right child nodes have the same role, though this is not always the case.  For example, BProjectNode (as in the relational algebra projection operator) has two children: the data source that supply the values of the column being projected, and an operator which produces an indication of which values to actually keep (i.e. which values in the column had passed a predicate).
4. Multiple nodes

These nodes have more than two children. They are named M*Node. All multiple nodes (except MNode) inherit from MNode and are stored at src/plan/MNodes. MNodes inherits from Node.

Child nodes are stored in a list named m_children. All children play the same role in providing information for the node.

5. Special nodes

These nodes also have more than two children but the children play different roles, which need to have various processes. Special nodes are named S*Node. All special nodes inherit from Node and are stored in src/plan/SNodes.


There are other two folders named Util and Plans that are used by the plan generator.

1. src/plan/Util/

All user-defined data structures needed by plan generator are kept here.

2. src/plan/Plans

Different kinds of plans are put in this folder. They are name *Plan and inherit Plan. “*” is the name of query such as Select, Insert and Delete.

Each kind of Plan is responsible for making the plan for the corresponding query type;  for example, the SelectPlan.cpp module generates plans for selection queries.

Making plan

In order to create a Plan, a Query must be provided. Query is an object generated by the parser that represents the statements of the query;  different query classes are stored in src/parser/Queries (the parser is documented separately.) Plans are stored as members of Query objects and are created by calling the Query::makePlan() method, which in turn calls the corresponding Plan generator.  The plan generator accepts a Query object and uses it to create the node and edges in the Plan graph.

Every plan has a member variable named m_lpRootNode, which is a pointer to the root node of the plan tree. Each Plan has four main methods:

1. makePlan

This method creates the nodes and edges in the plan. After this method is called, the m_lpRootNode of the Plan will point to the root node of a plan graph.

A lot of interaction between plan generator and parser happens here. The main interaction is in the “translate” method of BExpression classes where the “where” predicate of a query is kept.

2. run

This method invokes the query executor.  It calls m_lpRootNode.run(), which, in turn, recursively invokes its children and accepts and processes input from them.  The nodes’ run method will construct the operator. This process will create a flow of operators from bottom to top of the tree.

Because a node can have many parents, its run method can be called several times. Nodes are expected to detect multiple invocations of run() and avoid reinitializing themselves. 

3. show

This method is for debugging. It will generate C++ code, which corresponds to the code executed by the run method. The c++ code is written in QueryPlan.ccode. The c++ code is always output to QueryPlan.ccode when running cstore (even though debugging isn’t explicitly asked for).
4. showTree

This method will show the plan tree.

The Query class in the parser has the same methods, which call the corresponding methods of Plan.

In order to run a SQL query, the parser checks the query syntax, then verifies its semantics and then generates a “Query” object. Next that “Query” will construct a “Plan” object, which in turn makes and runs a query plan. 

Node variables and methods

Here are the variables and methods, which exist in all nodes.

Variables

As mentioned above, when a node runs, it constructs an operator.  As the ROS and WOS are queried separately and results merged at the end, each node must generate a ROS operator, a WOS operator and a merged operator. Those three operators are kept as three member variables of a node. They are m_lpROSReturnOp, m_lpWOSReturnOp and m_lpReturnOp acordingly.

m_iNodeID is another member variable which is the node’s id. This id is generated at the beginning of the “show” method, which generates C++ code for debugging. The purpose of this unique ID is to create different variable names for C++ code. 

Methods

1. Operator* runROS()

Constructs the ros operator of this node.

2. Operator* runWOS()

Constructs the wos operator of this node.

3. Operator* mergeROSandWOS

Merges the ros and wos operators. The merged operator is not always needed, so in some cases this method does nothing. 

4. Operator* run()

A combination of runROS, runWOS and mergeROSandWOS. This method can do nothing if the combination is not needed.

5. void showROS()

Generates C++ code showing what is done by runROS.

6. void showWOS()

Generates C++ code showing what is done by runWOS.

7. void showMerge

Generates C++ code showing what is done by mergeROSandWOS.

8. void show()

A combination of showROS, showWOS and showMerge. This method can do nothing if the combination is not needed.

9. void showTree()

Shows this operator (and its children) in a tree format.
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