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COST(X) = {
𝑢𝑛𝑖𝑞(𝑋) 𝑖𝑓 X tree root

min(COST(parent(X)) ∗ MINAVERAGE(X,T), FLATSIZE) 𝑖𝑓 X internal
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Algorithm 3.1: Calculate estimated size for factorization using given f-tree 

 // @fTree: the f-tree to estimate the size for, if used for factorization 

// @FLATSIZE: the flat size in number of tuples 

double estimate_size(FactorizationTree *fTree, unsigned int FLATSIZE) { 

    // queue for BFS - holds pairs of attribute IDs <parentID, childID> 

    queue<pair<int, int>> Q; 

    // memoization array of costs estimated - size = number of attributes 

    vector<double> costs(ftree->num_of_attributes()); 

 

    // cost for the root 

    rootID = fTree->root->ID; 

    costs[rootID] = uniq(rootID); 

    // add root's children in queue 

    for each child attribute CA in fTree->root->children { 

        Q.push_back({rootID, CA->ID}); 

    } 

    while (!Q.empty()) { 

        parent_child = Q.pop_front(); 

        parentID = parent_child->first; 

        childID = parent_child->second; 

         

        // calculate the minimum of all averages XuY where X = childID and  

        // Y is every ancestor of X in the fTree that belongs to a common 

        // relation (dependency) with X. 

        double min_est = min_average(fTree, childID); 

        // calculate the cost for this attribute 

        // COST(X) = min(COST(par(X)) * min(all averages XuY), FLAT_SIZE) 

        costs[childID] = min((costs[parentID] * min_est), FLATSIZE); 

 

        // add the attribute's children to the BFS queue 

        for each child attribute CA in fTree->node(childID)->children { 

            Q.push_back({childID, CA->ID}); 

        } 

    } 

    // the total cost estimation is the total number of value nodes 

    // which is the sum of all the value nodes for each attribute 

    return sum(costs); 

} 



Algorithm 3.2: Find min XuY for an attribute 

 // @fTree: the factorization tree we currently estimate the size 

// @attributeID: the attributeID we want the estimated number of nodes 

double min_average(FactorizationTree *fTree, attributeID) { 

    // get the attribute node 

    cN = fTree->node(attributeID); 

 

    // the maximum average for each attribute is its unique values 

    double min_est = uniq(attributeID); 

 

    // we now traverse the path from the current attribute up to the root 

    // and check the average of children with each ancestor 

    // ONLY if it belongs to common relation/dependency (hyperedge) 

    while (cN != NULL) { 

        if (same_hyperedge(attributeID, cN->ID)) { 

            min_est = min(min_est, XuY(attributeID, cN->ID)); 

        } 

        cN = cN->parent; 

    } 

    return min_est; 

} 



N x N

Algorithm 3.3: Calculate averages 

 // @fTree: the factorization tree used for the representation '@fRep' 

// @fRep: an input factorization of the database instance we examine 

double[][] calculate_averages(FactorizationTree *fTree, FRepresentation *fRep) { 

    double matrix[fTree->number_of_attributes()][fTree->number_of_attributes()]; 

    for each attribute A in fTree->nodes { 

        // make the current attribute A root of the factorization 

        make_root_attribute(A, fRep, fTree);  

        // traverse the factorization in either DFS or BFS mode and calculate 

        // all the averages where attribute A is the parent since now all 

        // other attributes are below attribute A 

        averages = calculate_averages_for_root(A, fRep); 

        update_matrix(matrix, averages); 

    } 

    return matrix; 
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Algorithm 4.1: Simple Serializer 

 // @node: the starting node of our serialization (initially root of factorization) 

// @fTree: the factorization tree to be used as guide  

// @out: the outpout stream to write the serialization 

dfs_save(Operation *op, FactorizationTree *fTree, ostream *out) { 

    if (is_multiplication(op)) { 

        // in multiplication nodes we just recurse without serializing  

        for each child attribute CA in op->children { dfs_save(CA, fTree, out); } 

    } else if (is_union(op)) { 

        // in union we serialize the number of children and values 

        write_binary(out, op->childrenCount);  

        // serialize union values 

        for each child value V in op->children { write_binary(out, V); } 

 

        // recurse only if the union's attribute is not leaf in the f-tree 

        if (!is_leaf_attribute(fTree, node->attributeID)) { 

            for each child value CV in op->children { dfs_save(CV, fTree, out); } 

        } 

    } 

} 



Algorithm 4.2: Simple Deserializer 

 // @in: the input stream from which we deserialize the factorization 

// @currentAttr: the current attribute node in the f-tree (initially the root) 

FRepNode* dfs_load(istream *in, FTreeNode *currentAttr) { 

    // we know that we only deserialize unions so create a new union 

    Operation *opSummation = new Summation(currentAttr->name, 

                                           currentAttr->ID, 

                                           currentAttr->value_type); 

    // deserialize the children count and the values for this union 

    unsigned int childrenCount = read_binary(in); 

    vector<Value*> values = read_binary_many(in, value_type, childrenCount); 

     

    // now use the f-tree to infer factorization structure  

    if (is_leaf_attribute(currentAttr)) { 

        // just append the values to the current union and return 

        for each value V in 'values' { opSummation->addChild(V, new 

Operand(...)); } 

        return opSummation; 

    } else { 

        // this is an internal attribute node therefore we need to check if  

        // we have to create a multiplication node for each of child values 

        if (!is_multiplication_attribute(currentAttr)) { 

            // not a product attribute so just store children and recurse 

            for each value V in 'values' { 

                opSummation->addChild(V, dfs_load(in, currentAttr->firstChild)); 

            } 

            return opSummation; 

        } else { 

            // each value of the union is a multiplication operation  

            for each value V in 'values' { 

                Operation *opMult = new Multiplication(); 

                opSummation->addChild(V, opMult); 

                // recurse on attribute child add it to this multiplication 

                for each child attribute CA in currentAttr->children { 

                    opMult->addChild(new Value(CA->attributeID),  

                                     dfs_load(in, CA)); 

                } // end for each attribute in the product 

            } 

            return opSummation; 

        } // end of if product attribute 

    } // end of if leaf_attribute 

} 



 

 



 

 
struct AttrInfo { 
    uint8_t required_value_bytes; 
    uint8_t required_union_bytes; 
} 



Algorithm 4.3: Byte Serializer – statistics gathering 

 // @attribute_info: used below = it is a field of the Byte Serializer class 

// @node: node to start gathering statistics (initially the factorization root) 

// @fTree: the factorization tree of the representation 

void dfs_statistics(Operation *op, FactorizationTree *fTree) { 

   if (is_multiplication(op)) { 

        // multiplication nodes children are unions so just recurse on them 

        for each child union CU in op->children { dfs_statistics(CU, fTree); } 

    } else { 

        // check if the current attribute required-bytes need to be updated 

        children_bytes = required_bytes(op->childrenCount); 

        if (attribute_info[op->attributeID].required_union_bytes < children_bytes) 

            attribute_info[op->attributeID].required_union_bytes = children_bytes;  

        // check value bytes 

        for each child value CV in op->children { 

            val_bytes = required_bytes(CV); 

            if (attribute_info[op->attributeID].required_value_bytes < val_bytes) 

                attribute_info[op->attributeID].required_value_bytes = val_bytes; 

            // recurse if this is not a leaf attribute in the f-tree 

            if (!is_leaf_attribute(fTree, op->attributeID)) { 

                dfs_statistics(CV, fTree); 

            } 

        } // end for each child value 

    } 

} 
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Q(A, B, C) =  R(A, B) ∧  U(A, C) ∧  T(B, D)  ∧  S(C, D)

P =  p1 ∗  p2 ∗. . .∗  p𝑁𝐷



 

 

 



 



 



 

 

 

 



 

 

 



 







Algorithm 5.1: Bit Serializer HyperCube – gather statistics – first pass 

 // @node: node in the factorization to start serialization (initially root) 

// @fTree: the f-tree used by the current factorization 

// @hc_p: the HyperCube parameters as defined in Section 5.3.2.2 

// @return: True iff *node contains values to be serialized 

bool dfs_statistics(Operation *op, FactorizationTree *fTree, hc_params *hc_p) { 

    if (is_multiplication(op)) { 

        if (op->children is empty) return false; 

        bool valid_child = true; 

        uint64_t current_mask = mMasks.size(); 

        for each child attribute CA in op->children { 

            // recurse on each union and make sure all of them are valid 

            valid_child &= dfs_statistics(CA, fTree, hc_p); 

            if (!valid_child) { 

                mMasks.resize(current_mask); 

                return false; 

            } 

        } 

        return true; 

    } else if (is_union(op)){ 

        // special treatment for unions since they contain the values to be hashed 

        return handle_union(op); 

    } 

} 



Algorithm 5.2: Bit Serializer HyperCube – gather statistics – first pass: handle union 

 // @mMasks: class field - vector that contains the state for each union  

// 

// @op: the union node in the factorization to gather statistics 

// @fTree: the f-tree used by the current factorization 

// @hc_p: the HyperCube parameters as defined in Section 5.3.2.2 

// @return: True iff *op contains values to be serialized 

bool handle_union(FRepNode *node, FactorizationTree *fTree, hc_params *hc_p) { 

    // add our bitmask into the states vector keep reference to our state's 

position 

    mMasks.push_back(); iMask = mMasks.size() - 1; 

 

    // now we check each value if it is valid and if yes make sure 

    // that its subtree has a valid result too before masking it valid 

    for each value child CV in op->children { 

        // make sure that the value hashes to the right Node dimension ID 

        // if this union is of a hashed-attribute otherwise the value is  

        // always valid and will be serialized 

        if (is_valid_value(CV, hc_p)) { 

            if (is_leaf_attribute(op->attributeID, fTree)) { 

                // leaf attribute means valid value instantly 

                mMasks[iMask].push_back(true); 

                // also gather statistics about required bits 

                update_required_bits(CV); 

            } else { 

                // make sure the subtree contains valid values too 

                if (dfs_statistics(CV, fTree, hc_p)) { 

                    mMasks[iMask].push_back(true); 

                    update_required_bits(CV); 

                } else { 

                    // the value's subtree is invalid so the value is too 

                    mMasks[iMask].push_back(false); 

                } 

            } 

        } else { 

            mMasks[iMask].push_back(false); 

        } 

    } // end for each value child 

    // count the valid children 

    valid_children = count(mMasks[iMask], true); 

    // make sure that we have valid values to serialize otherwise 

    // we have to return false such that our parent knows we are invalid 

    if (valid_children == 0) { 

        // remove our and all of our descentants  state from the vector  

        mMasks.resize(iMask); 

        return false; 

    } 

 

    update_required_union_bits(valid_children); 

    return true; 

} 





 



 



 

 



 

 

 



 

 

 



 

 







 

 

 



 

 

 



 

 

 

 

 



 

Distributed Settings configuration file 

 ######################################################################### 
###### LINES STARTING WITH '#' or whitespace are skipped during parse! 
######################################################################### 
 
# number of nodes in the network 
4 
# all the IPs for each worker node (IP or IP:PORT format supported) 
# each node will also receive an identification ID (uint32_t) based on its order 
xxx.1.xxx.36:11110 
xxx.1.xxx.39:11110 
xxx.1.xxx.60:11110 
xxx.1.xxx.65:11110 
 
# specify the master node (IP or IP:PORT format supported) 
xxx.1.xxx.36:11100 
 
# now the query path 
/home/lambros/dist-execution/dist_query.conf 
 
# order of communication - data distribution 
# we follow a cyclic (shifting policy) 
 
# WRITING ORDER - we will have N lines, one line for each node that defines 
# how that node should send its data 
1 2 3 
2 3 0 
3 0 1 
0 1 2 
# READING ORDER - we will have N lines, one line for each node that defines 
# how that node should read data 
3 2 1 
0 3 2 
1 0 3 
2 1 0 



 

Distributed Settings configuration file 

 # number of input factorizations 
1 
# all the paths to the factorizations (serializations) to be used as input 
# ---- NOTE::: if the node does not find the path specified it will try to 
#           load the path suffixed with '-n-NODE_ID-' before the extension 
/home/lambros/dist-datasets/somedataset/nodes_4/input-groot.dat 
 
# F-PLANS follow for each of the inputs to be applied during loading. 
# each F-PLAN has a single line of an integer N, followed by N lines with actions 
0 
 
# query F-PLANs to be applied on the local factorization in each round 
# number of plans (one plan for each communication round) 
1 
 
2 
merge attr_1 attr_2 
merge attr_1 attr_3 
end 
 
# HyperCube configuration 
# a single line will contain all the attribute names of the combined result 
# which will give each attribute a GLOBAL ID (their position in the line) 
# that is used internally to map the attributes from local representations. 
attr_1,attr_2,attr_3,attr_4,attr_5,__g_root_ 
 
# the hashed columns should be specified now starting from 0 to N using the 
# GLOBAL IDs (position in the above line) (separated by space) 
# (if there are more than 1 attributes that correspond to the same attribute 
# logically but have different names just use one of them and group them below) 



2 1 
# the dimension for each hashed attribute (separated by space) 
2 2 
# group synonym attributes that have different names but are the same 
# i.e. id_0, id_1, id_2 which can be renamed to avoid the limitation of FDB 
# to handle same name attributes 
# one number N specifies the number of groups and then for each group one line 
# - each group should start with the attribute that was specified in the 
# - hashed columns above! 
1 
attr_3,attr_1 
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