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Introduction

 First articulated by Jack Dennis at MIT in 1969

 In dataflow machines, hardware is optimized for fine-grain data-
driven parallel computation

« Data-driven computation is intuitively appealing because:
— Only data dependences constrain parallelism
— Programs usually represented as graphs
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 Although around for 40 years, little impact on mainstream
computing

— However, ideas used in 000 superscalars



Terminology

- Instructions are nodes (e.g., +, -, -..).
- Data items are tokens (e.g., 8.2, true, 4, ...).
- Producers of tokens are connectes to consuemers by arcs.

- Entry points to nodes are input ports.

. A node is enabled by an enabling_rule. This typically is when ALL arcs have
tokens on their inputs (strict enabling rule). non- cirict allows Firing. to fore.

all ares howe tokens

. A node fires after it is enabled, and in this process consumes tokens on its
input arcs and produces tokens on its output arcs.




Node Types

» Functional: Output depends only on inputs and node type (e.g., +, -, ...).

. Conditional: Depending on control, token picked up from value input is
passed onto true-output arc or false-output arc.

value
control

true false
- Merge: Whenever there is a token on any of the input arcs, it is immediately
copied to the output arc. : .
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Figure 3: {p = oo;f = 0) Parallelism Profile and Token Profile for
10x16 Matzix Multiply .
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Evaluating Traditional Dataflow

 Benefits of dataflow model:
- exploses parallelism |
- has mechanisms to tolerate latency  { lazy evaluad iOﬂ)
 provides mechanisms for fine-grain synch (tag-matching, I-structures)

- Drawbacks: bQQ l‘C

. +» Not using implicit sequence within blocks results in large latencies
through critical paths (Amdahl's law) ¢ q. destination oddiess of toens

.+ Loss of locality due to massive concurrency and interleaving of
instructions (high BW and low performance)

- Too much exposed parallelism can result in waste of resources
(memory for tokens, buffers, tags, ...)

- Use of functional languages to expose concurrency makes garbage
collection and copying serious problems

- Overhead for providing capability for fine-grain synchronization are
large (matching unit and F/E bits)






