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void SendMessageTo(const string& dest_verte
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const MessageValuek message);
void VoteToHalt();
};
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};
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template <typename VertexValue,
typename EdgeValue,

typename MessageValue>
class Vertex {

public:
virtual void Compute(MessageIterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_verte
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
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};
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template <typename VertexValue,
typename EdgeValue,

typename MessageValue>
class Vertex {

public:
virtual void Compute(MessageIterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();
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typename EdgeValue,
typename MessageValue>
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virtual void Compute(MessageIterator* msgs) = 0;
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string& vertex_id() const;
int64 superstep() const;

onst VertexValueg GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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const string& vertex_id() const;
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const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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double sum = 0;
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sum += msgs->Value();
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if (superstep() < 30) {
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SendMessageToAllNeighbors(GetValue() / n);

} else {
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};
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typename MessageValue>
class Vertex {
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virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};
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class MinIntCombiner : public Combiner<int> {
virtual void Combine(MessageIterator* msgs) {
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
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template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;

const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_verte

X,
const MessageValuek message);
void VoteToHalt();
};
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class PageRankVertex
: public Vertex<double, void, double> {
public:
virtual void Compute(MessageIterator* msgs) {
if (superstep() >= 1) {
double sum = 0;
for (; !msgs->Done(); msgs—>Next())
sum += msgs->Value();
*MutableValue() =
0.15 / NumVertices() + 0.85 * sum;

: public Vertex<int, int, int> {

int mindist = IsSource(vertex_id()) ? 0 : INF;
for (; !msgs->Done(); msgs->Next())

mindist = min(mindist, msgs->Value());
if (mindist < GetValue()) {

*MutableValue() = mindist;

OutEdgeIterator iter = GetOutEdgeIterator(); }

for (; !iter.Done(); iter.Next())

SendMessageTo (iter. Target 0, const int64 n = GetOutEdgeIterator().size();
mindist + iter.GetValue()); SendMessageToAl1lNeighbors (GetValue() / n);

} } else {

VoteToHalt () ; i VoteToHalt ();
}
};

if (superstep() < 30) {

800
700
600
500
400
300
200

Runtime (seconds)

100

100M 200M 300M 400M 500M 600M 700M 800M 900M  1G

Number of vertices

Mode
¥ ferore W S e(sfe?s

X OPC(oJ'e, m o uh's
('m ?MYQ\\Q\) wn each

s\'e\>
¥ [Pound S
Bvery verfee v, can
vdad mg \
trot) owd W :;we nah(\l)
¥ olﬂ-j stote

Ct+ AP|M

template <typename VertexValue,
typename EdgeValue,
typename MessageValue>
class Vertex {
public:
virtual void Compute(MessageIterator* msgs) = 0;
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const string& vertex_id() const;
int64 superstep() const;

const VertexValue& GetValue();
VertexValue* MutableValue();
OutEdgeIterator GetOutEdgeIterator();

void SendMessageTo(const string& dest_vertex,
const MessageValuek message);
void VoteToHalt();
};



