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Building blocks

Example: sequential finite state machine

joint: compute

link in = —> [ink out

joint: copy

link feedback _in j\ link feedback _out

Joint: action
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WHEN to act: joint: copy
in‘is full
and
outis empty
link in link out
1
WHAT to do: ]\/l joint: copy
* copy data
« drain in
« fill out
link in link out
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Joint: computation time

WHEN to act: joint: copy
inis full

and
outis empty

decision time /inkin link out
1
WHAT to do: J\/l joint: copy
* copy data
* drain in
« fill out +

action time link in link out
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Link: guarded command (1/2)

WHEN to act:
fill with data empty
e — 11—
empt
i link
—
WHAT to do: ]\/l
- store data + full full
» transport to other end *
link

Link contribution to time = transport delay
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Joint: guarded command specification

WHEN to act: joint: copy
in‘is full

and
outis empty

—

guard —

WHAT to do: {}

joint: copy
* copy data
e drain in
« fill out
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command
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Link: guarded command (2/2)

WHEN to act:
drain full
ane —
full .
link
—
WHAT to do: ]\/l
- store empty empty
» transport to other end _,:_,
link

Link contribution to time = transport delay
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Systems of building blocks (1/3)

WHEN to act: joint1 joint2  joint3
inis full external _ful % % % empty
a”fut is empty Ukt 2N linkz 2 linka 2 linka

WHAT to do:
- copy data external @ @ @
» drain in fill == == —

efillout | pr=====mmmmm e s e

Systems of building blocks (2/3)
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WHEN to act: joint1 joint2 joint3

inis full 'fm:m/?;_f:fﬂ

and link1 < link2 2 link3 2 link4
outis empty

WHAT to do:
* copy data

e drain in

« fill out
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Systems of building blocks (3/3)
WHEN to act: joint1 joint2 joint3
inis full external ! @ o @ @ empYy oyternal
d el s Gl Gl L
and link1 2 link2 2 link3 2 link4
outis empty

WHAT to do:

- copy data external = @ — @ p— @ ?.m:p“l' external
« drain in fill A PN PN drain
« fill out

etcetera
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Performance without clocks (Weaver)
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Link-Joint: circuit implementation (1/4)

Jjoint: copy

link in link out
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Link-Joint: circuit implementation (2/4)

joint: copy
link in:t i‘.Iink out
D, Dstored;,
:@
empty;, I Ain [ full;,
fill, A= Grgin,
F:‘ EFFF
link
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Link-Joint: circuit implementation (3/4)

joint: copy

9

link in link out

D, Dstored,, Doyt

empty;, Ain full;, empty,

If Rin —“ﬁ'\/
filly, drain, fill o

link Joint
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Link-Joint: circuit implementation (4/4)

Link-Joint: design rules

for robust delay-insensitive interfaces

= Joint must
o use and drain only FULL input links
o use and fill only EMPTY output links
o execute a guarded command as an atomic action
o arbitrate if more than one guarded command is enabled

= Link must
o execute a guarded command as an atomic action
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joint: copy
link in link out
Di, Dstored;, Doyt Dstored,,
'iFF: Lcopy | 'iFF: »
empty;, I Ain ® full, empty,, Aout !ﬂ; full,y,
1 . L
I Rin . . Rout .
fill,, drain;, fill draing,,
F:‘ FF F:‘ FF
link joint link
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Summary

= Communication and computation are equal partners
o from the bottom up
o links do communication and storage
o joints do computation and flow control

= Interfaces matter
a design them for collaboration and re-use
a full-empty interface
o works for computer scientists and electrical engineers
a unifies self-timed circuit families
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Vision
application
neuromorphic, biological-inspired, etc.

algorithm

abstraction, composition,
design exploration, etc.

clean interface between
— « computer scientists
« electrical engineers

circuits

circuit family, layout,
logical effort, static timing, etc.

hardware
FPGA, flexible electronics, DNA, etc.

After: Kees van Berkel. Handshake Circuits, Fig. 1.1. Cambridge University Press, 1993.
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