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Control-Flow Machines



Control-Flow Machines

� Conventional architectures are control-flow
� Sequence of instructions precisely defined
� Control decides which instruction to execute next via PC
� If no branches à execute instruction from the next address (e.g., PC+4)
� If branches à jump to the instruction specified by the branch target 



Data-Flow Machines



Data-Flow Machines

� A program consists of dataflow nodes
� A dataflow node fires when all its inputs are ready 

� Fire = Fetch + Execute



Data-Flow Machines

� How to know that a node’s inputs are ready?
� No program counter!



Data-Flow Nodes

� A small set of nodes can define the general programming language
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Flynn’s Taxonomy – Where is Data-Flow?

SISD SIMD

MISD MIMD



Data-Flow Graph Example

x = a + b;
y = b * 7;
return (x – y) * (x + y);
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Data-Flow Tokens

� Values in dataflow graphs represented as tokens
� Token = <Instruction Pointer, Port, Value>
� An operator executes when all ports ready
� Copy result from the output to the next input



Data-Flow Example Question?



Static Data-Flow Machines

� Allows only one instance of a 
node to be enabled for firing

� A dataflow node is fired when
�All input ports ready
�All output ports empty
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� Allows only one instance of a 
node to be enabled for firing

� A dataflow node is fired when
�All input ports ready
�All output ports empty

What are the issues?



Static Data-Flow Machines

� Allows only one instance of a 
node to be enabled for firing

� A dataflow node is fired when
�All input ports ready
�All output ports empty

How to solve them?



Dynamic Data-Flow Machines

� Allocate instruction templates 
(frames) dynamically to 
support each loop iteration 
and function call

� Code can be shared if we 
separate code and operand 
storage



Data-Flow Machines: Pros and Cons

� Advantages

� Can exploit irregular parallelism
� Only true dependencies constraint processing

� Disadvantages

�Debugging difficult
�Implementing complex data structures not easy

�High bookkeeping overhead

�Memory locality not exploited



Data-Flow Machines: Pros and Cons

� Advantages

� Can exploit irregular parallelism
� Only true dependencies constraint processing

� Disadvantages

�Debugging difficult
�Implementing complex data structures not easy

�High bookkeeping overhead

�Memory locality not exploited


