
1ASYNC 2022 Summer School – Links and Joints Part 1

slide 1 of 38

Links and Joints
PART 1: behavioral design 

Marly Roncken, Ebele Esimai, and Ivan Sutherland
Asynchronous Research Center
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Context

handshake 
component

network

application
CPU, dataflow, biology-inspired, etc

program
exploration, composition,

abstract design, etc

fabric
FPGA, chip, flexible electronics, etc

circuit
logical effort, static timing,

technology mapping, layout, etc
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clean interface for
• computer scientists
• electrical engineers
to
• design and test
• asynchronous circuits
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Context

Link-Joint network
for stepwise refinement of 
• protocols, 
• state and storage, 
• circuit families, etc

GO
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application
CPU, dataflow, biology-inspired, etc

fabric
FPGA, chip, flexible electronics, etc

ACT circuit

ACT program
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Links and Joints

• computation
• flow control

JOINT

LINK
• 1-1 communication
• 1-buffer state

LINK
• 1-1 communication
• 1-buffer state

“a place where Links meet to exchange information”
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Links and Joints

• computation
• flow control

JOINT

LINK
• 1-1 communication
• 1-buffer state

LINK
• 1-1 communication
• 1-buffer state

“a place where Links meet to exchange information”

• test access to state• test access to state

• Joint-specific (no)GO

GO
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Behavioral model
[Esimai-Roncken, Flexible Active-Passive and Push-Pull Protocols, IEEE ESL, 2022]
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Behavioral model

• Two ports: A, B
• State with 3 variables shared between the ports

• turn : indicates which port may change the Link state
• dataAtoB : 0 data bits, for A to write, B to read
• dataBtoA : 0 data bits, for B to write, A to read

BA data dataA/B

turn dataAtoB dataBtoALINK

• data validity:
• dataAtoB : valid and stable when turn=B (receiver of data)
• dataBtoA : valid and stable when turn=A (receiver of data)

9 10
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Behavioral model

• interleaving model:
arbitrarily select a guarded command with TRUE guard

• atomicity:
Link states update all at once when the command terminates

• terminology:
• myturn(p) : TRUE if p has permission to change the Link state
• myR(p) : Link data that p can read
• myW(p) : Link data that p can write
• yourturn(p) : relinquish permission

• GO : external signal for initialization and test

in outCOPY

• guarded command specification:JOINT
myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
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Time for 1-2 questions
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Example: ping-pong
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BA 0 bits 0 bitsA/B

LINK, data-less
initially: turn=A

L1

myturn(p)

yourturn(p)

 GO
JOINT

initially: GO

p
SKIP

J1

p
SKIP

J2

ping-pong

A

A 
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ping-pong

L1

myturn(p)

yourturn(p)

 GO
JOINT

p
SKIP

J1

p
SKIP

J2

BA
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ping-pong
GO

“gatekeeper”

myturn(p)

yourturn(p)

 GO
JOINT

p
SKIP

J1

p
SKIP

J2

BA
L1
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myturn(p)

yourturn(p)

 GO
JOINT

p
SKIP

J1

p
SKIP

J2

GO

BA
L1

ping-pong
GO
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ping-pong
GOGO

myturn(p)

yourturn(p)

 GO
JOINT

L1
p

SKIP

J1

p
SKIP

J2

BA

GO
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Time for 1-2 questions
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Example: ring-FIFO
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LINKs, unidirectional

BA >0 bits 0 bitsA/B
L1

AB
>0 bits 0 bitsA/B

L2

myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
JOINT

COPY

J2

in

out

COPY

J1

out

in

ring-FIFO
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myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
JOINT

COPY

J1

out

in

COPY

J2

in

outAB
>0 bits 0 bitsA/B

L2

BA >0 bits 0 bitsA/B
L1

LINKs, unidirectional

initially: GO

ring-FIFO
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myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
JOINT

COPY

J1

out

in

COPY

J2

in

outAB
>0 bits 0 bitsA/B

L2

BA >0 bits 0 bitsA/B
L1

LINKs, unidirectional
initially: L1.dataAtoB=1                

L1.turn=B (full)

initially: GO

ring-FIFO

1B

B   1  -
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LINKs, unidirectional

B   1  -
A   - -

L2.turn=A (empty)

ring-FIFO

myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
JOINT

COPY

J1

out

in

COPY

J2

in

out
A/B

AB
>0 bits 0 bits

L2

BA >0 bits 0 bitsA/B
L1

initially: L1.dataAtoB=1                
L1.turn=B (full)

initially: GO

B   1  -

-A

1B
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ring-FIFO

in

L2

L1

JOINT

COPY

J1

out

in

COPY

J2out

11
BA

AB

“gatekeeper”

full : turn at receiver of data
empty : turn at sender of data

(full)

(empty)

myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
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ring-FIFO

1

in

L2

L1

JOINT

COPY

J1

out

in

COPY

J2out

11
BA

AB

GO

myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
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ring-FIFO

(empty)

(full)
in

L2

L1

JOINT

COPY

J1

out

in

COPY

J2out
1

11

GO

BA

AB

full : turn at receiver of data
empty : turn at sender of data

myturn(in)  myturn(out)

myW(out) : myR(in)
yourturn(in)
yourturn(out)

 GO
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Title: TECOTOSH
TEnsion + COmpression + TOrsion + SHear

Location: Maseeh College
Installed: March 2006.
Dimensions: 130' x 40' x 40'.
Materials: Stainless steel truss, 
laminated dichroic glass, stainless 
steel cables and hardware. 
Aluminum light housings. 

Engineers: 
Bob Grummel and Grant Davis.
Project Manager: Oanh Tran.

THANK  YOU!
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Exercise
[Roncken et al., Naturalized Communication and Testing, ASYNC 2015]
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• Starting from the above state (the end state of the previous ring-FIFO run) 
• re-initialize the design to test if Joint J2 also copies 

• data value 0 
• using external access to any 

• Joint.GO
• Link.turn
• Link.dataAtoB
• Link.dataBtoA

in

L2

L1

COPY

J1

out

in

COPY

J2out
1

11

GO

BA

AB

Exercise 1: test a Joint’s data operation

37 38
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Exercise
[Roncken et al., Naturalized Communication and Testing, ASYNC 2015]
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Exercise 2: initialize with PARTIAL state access

• Starting from the above initial state with all Links empty
• obtain the state in the next slide

L1

B

A

L3

L2

L4out
COPY

in
J4

COPY
in out

J1

out
COPY

in
J3

in
COPY

out
J2
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• Use external access to any Joint.GO and Link.turn but to ONLY L1.dataAtoB
• to get the pins and the data in the positions indicated above
• starting from the state in the previous slide

L1

B

A

L3

L2

L4out
COPY

in
J4

2

0

1

Exercise 2: continued ...

in
COPY

out
J2

out
COPY

in
J3

COPY
in out

J1
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