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Background
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Handshake Dialect (1)

» Processes communicate through stream
— b ., interfaces (e.g. AXI4-Stream)
» Interfaces connected by single-reader single-

writer FIFOs, which are logically unbounded

< » Processes can access interfaces in any order

» Provably deterministic if processes cannot test
state of streams
- Elastic
- Latency Insensitive

& XILINX.
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Handshake Dialect (2)

11710 » Provably deterministic if processes cannot test
\ / IIC0§ l \ T /: state of streams
rr - Elastic

\Join — Bj/énCh — ux - Latency Insensitive

\ / \/ .'

» Processes communicate through stream

—_— _,{: } ., interfaces (e.g. AXl4-Stream)

» Interfaces connected by single-reader single-
writer FIFOs, which are logically unbounded

< » Processes can access interfaces in any order

rge — CN‘erge r Const

Sink
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Handshake Dialect (3)

1. Static schedule:

CO C1 c2 C3 C4

cs c8 €9 Cl10 Cl1 Cl2 CI3 Cl4 Ci5 Cl6 Cl17 CI8 C19 C20 C21 C22 (23 C24 C25 .
o[ d = A[i] - B[i] az0?f = s+=d : : : : : : :
. rd A[i] — r m -
1 e Biil d = ALi] - B[i] __ d=0? s+=d . :

float d, s = 0.9; 2 ra Bi d = Al - Bli] dz0? s+=d | .

int i; S : : : ; : : : : . rd o] d = A[i] - B[il d=0? s+=d J

for (int i=0; i<100; i++){ ' ' ' ' ' ' ' ' ' - - '

d = A[i] - B[i]; 2. Static schedule:
if (d >= @) CO_Cl _C2 €3 Cc4 C5 _C6 C7 €8 C9 Cl0 Cl1 Cl2 C13 Cl4 CI5 Cl6 C17 C18 Cl9 C20 C21 C22 C23 C24 C25
s += d; o[ d = A[i] - B[i] |a=z07| : . : '

} A P e d = A[i] - BIi] [az07] s+=d : L .
A[e]=1.0; B[@]=3.0; 2 : : : ' : ' v ok d = A[i] - B[i] |a=07]
A[1]=4.0; B[1]=3.0; 3| ! — :
A[2]=2.0; B[2]=2.0; _

A[3]=4.0; B[3]=5.0; 3. Dynamic schedule:
] O _Cl _C2 €3 4 _C5 _C6 C7 _C8 C9 ClO Cll Cl2 Cl3 Cl4 Ci5 Cl6 Cl7 C18 C19 C20 C21 C22 C23 C24 C25
o g ot d = A[i] - B[i] d=0? : ' : : : : : : : :
(a) 1 :: ;E:} d = A[i] - B[i] dzn?‘ s+=d |
d ALi - .
2 d ;E} d = A[i] - B[i] ‘dao? s+=d
d A[i N . -
3y S ata d = A[i] - B[i] d=z0?

(b)

* Josipovi¢, Lana, Radhika Ghosal, and Paolo lenne. "Dynamically scheduled high-level synthesis." Proceedings of the 2018 ACM/SIGDA
International Symposium on Field-Programmable Gate Arrays (FPGA). 2018.
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Standard to Handshake Conversion (1)

1

IIIIIIIIIII'IIIIIIIIII

Start

Ellllllllllllllllllllllllllllllllllllllllllllli"O‘
v: ! ! :
- load yJi] load x[i] 0 :
‘v «
: load x[0]| :
N : MLIR control/data
: \ flow graph
E store X]i] i
’.’QAE...............E.I.;&.E

© Copyright 2018 Xilinx

for (i = 1; 1 < N; ++i)
x[i] = x[@] + x[i] * y[i];

"bbl(%cl O :
"bbl(%2: ):
%Cll = 11 :
%3 = cmpi , %2, %Ccll :
cond br %3, ~bb2, ~bb3
"bb2:
%C0 0 :
%cl 1:
%4 load %@[%cO] :
load %0[%2] :
load %1[%2] :
muli %5, %6 :
addi %7, %4 :
%0[%2]
%2, %cl :

<16xindex>
<16xindex>
<16xindex>

%5
%6
%7
%8
store %8,
%9 = addi

~bbl1 (%9 : )

<16xindex>

“bb3:

& XILINX.



Standard to Handshake Conversmn (2)

1 Start
: | l
mussffessEEEEEEEEEEEEEEEEEEEEE .lll
.......... llr-l.r“"
: 1 v \ 4
: Mux | be] CMerge
. 1
- L 2 I :
Fork : |
[ ] | | I
: 1 I
v v | I
load y[i] load x[i]] i :
. = L | | I
K y | :
“| : | Fork load x[0]| | I
¥ N : I
: ¥ | :
. 1
: ; ]
. I 1
: ; ]
a Fork store X[i] I :
et T | M
-| Branch $—>»| Branch
. I I I T T
llllllllllllllllllllllllllllllllllllllllllllll Il-ll-ll-lrllll'lllll.
gEE s EEEEEEEEEEEER l lllllllll r
1 v End
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for (i = 1; 1 < N; ++i)
x[1] = x[@] + x[1] * y[i];
time
load x[O]
load x[1] store x[1]
load y[1]
load x[0]
load x[2] store x[2]
load y[2]

[ Concurrent execution ]

& XILINX.




Standard to Handshake Conversion (3)

SSACFG
[ Standard ]

1StandardToHandshake » Standard to Handshake Conversion

Handshaked
[ Standard ][ Handshake ] Dataflow

v
9 © Copyright 2018 Xilinx (A Xl LINX



Pipeline Operation
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Motivation (1)

oA
&)
C
g Dynamic
S (Handshake)
@
o
Static
=
Resource
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Motivation (2)

» In some cases, dynamic scheduling is Pareto dominated by static scheduling

(e.g. perfect loop with the absence of conditional operations).

Performance

12

Static

Dynamic
(Handshake)

.
Resource
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Motivation (3)

13

=1 Start
: | l
mussffessEEEEEEEEEEEEEEEEEEEEE .lll
.......... llr-l.r“"
. 1 Y \ 4
: Mux | be] CMerge
. 1
- L 2 I :
Fork : |
n | I
: 1 I
v v | I
load y[i] load x[i]] i :
. = L | | I
K y | :
“] & | Fork load x[0]| | I
s N ; [
: ¥ i :
. 1
: i ]
. I 1
: i ]
a Fork store x[i] I :
et T | M
-| Branch $—>»| Branch
. I I I T T
llllllllllllllllllllllllllllllllllllllllllllll Il-ll-ll-lrllll'lllll.
pEE s EEEEEEEEEEENEN l lllllllll -
1 v End
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Motivation (4)

1 Start
: | !
mussfiss s EEEEEEEEEEEEEEEEEEEE . “EL!
—TL...... | et
v \ 4
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Motivation (5)

1
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15

Start
|

CMerge

¥ End :

V.S.
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1 Start
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R4
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CMerge
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i v End
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Motivation (6)

......... ill"ll___"
. Y :
Mux |« : CMergve » Reduce the resource overhead
- : i : of fine-grained handshake
I .
1 |
i M [ | i : Interfaces
2ac Il ipgtoad I 2 . » Allow to support late input or
| -
o] oad 0] | i early output
|
\ . » Local static scheduling + global
| . .
| ! dynamic scheduling => coarse-
Fork | [store x[i] | I grained handshaked dataflow
\ 4 J i A 4
Branch »| Branch
........................................ v -
................. |
1 v End
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Key Features (1)

» Belongs to a new StaticLogic dialect

17 © Copyright 2018 Xilinx

(%1#0, %1#1, %2) ( {
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Key Features (2)

» Belongs to a new StaticLogic dialect

» IS Isolated from above

%3 = (%1#0, %1#1, %2) ( {
“bbo (%arg3: , %argl: , %args: ):
%4 = addi %arg3, %argd :
~“bb1l
“bbl:
%5 addi %arg3, %4 :
%6 addi %arg5, %4 :
~“bb2
“bb2:
%7 = addi %5, %6 :

(%7) :
) ->

& XILINX.
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Key Features (3)

» Belongs to a new StaticLogic dialect

» IS Isolated from above

i i %3 = %1#0, %1#1, %2
» Each block represents one pipeline Abb@ (%arg3: - %arga: : . %args: ) ()}{

stage: bb0, bb1l, bb2 % = addi %arg3, %arg4 :

“bbl:
%5 i %arg3, %4 :
%6 i %arg5, %4 :

“bb2:
%7 = addi %5, %6 :

(%7) :
) ->

19 © Copyright 2018 Xilinx iA Xl LINX



Key Features (3)

» Belongs to a new StaticLogic dialect

» IS Isolated from above

i i %3 = %1#0, %1#1, %2
» Each block represents one pipeline Abbo (%arg3: . %arga: : , %args: ) (>}{
stage: bb0, bb1, bb2 Lo e

“bb1l
“bbl:
%6 = addi %arg5, %
“bb2
“bb2:
%7 = addi %5, %6 :

(%7) :
) ->

20 © Copyright 2018 Xilinx iA Xl LINX



Key Features (3)

» Belongs to a new StaticLogic dialect

» IS Isolated from above

i i %3 = %1#0, %1#1, %2
» Each block represents one pipeline Abbo (%arg3: . %arga: : , %args: ) (>}{
stage: bb0, bb1, bb2 Lo e

“bbl
“bbl:
%6 addi %arg5, %
%7 = addi %5, %6 :

}) ,

& XILINX.
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Key Features (4)

» Belongs to a new StaticLogic dialect

» IS Isolated from above

i i %3 = %1#0, %1#1, %2
» Each block represents one pipeline Abbo (%arg3: . %arga: ( . %args: ) ()}{
. %4 = addi %arg3, %argd :
Stage' bbo’ bbl’ bb2 %5 = addi %arg3, %4 :
“bb1l
» We can easily explore the design Abbl:
. . . %6 = addi %arg5, %
space of pipeline mapping %7 = addi %5, %6 :

}) ,

& XILINX.
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Key Features (5)

» Belongs to a new StaticLogic dialect
» Is isolated from above

» Each block represents one pipeline
stage: bb0, bb1l, bb2

» We can easily explore the design
space of pipeline mapping

» Is a node of the handshaked dataflow

» Communicates with other nodes
through stream interfaces

“bbo (%arg3: , %argl:

%4
%5

“bb1l:

%6
%7

})

handshake.

23 © Copyright 2018 Xilinx

(%0) : (

) ->
) ->

(%140, %1#1, %2) ( {
, %args: ):

(%argl) : (

addi %arg3, %argd :
addi %arg3, %4 :
~“bb1l

addi %arg5, %
addi %5, %6 :

( )

%3, %arg2 :

& XILINX.



Dialect Conversions and Transforms
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Overview (1)

SSACFG
[ Standard ]

25 © Copyright 2018 Xilinx (A Xl LINX



Overview (2)

SSACFG
[ Standard ]

1StandardToStaticLogic » Standard to StaticLogic Conversion

SSACFG
[ Standard ][ Pipeline ]

26 © Copyright 2018 Xilinx (A Xl LINX



Overview (3)

SSACFG
[ Standard ]
1StandardToStaticLogic » Standard to StaticLogic Conversion
SSACFG
[ Standard ][ Pipeline ]
1StandardToHandshake » Standard to Handshake Conversion
Handshaked

[ Standard ][ Pipeline ][ Handshake ] Dataflow

27 © Copyright 2018 Xilinx (A Xl LINX



Overview (4)

SSACFG
[ Standard ]
1StandardToStaticLogic » Standard to StaticLogic Conversion
SSACFG
[ Standard ][ Pipeline ]
1StandardToHandshake » Standard to Handshake Conversion

Handshaked .
( [ Standard ][ Sl ][Handshake]Dataﬂow » Handshake Dialect Transform

28 © Copyright 2018 Xilinx (A Xl LINX



Overview (5)

SSACFG
[ Standard ]

1StandardToStaticLogic » Standard to StaticLogic Conversion

SSACFG
[ Standard ][ Pipeline ]

1StandardToHandshake » Standard to Handshake Conversion

Handshaked .
( [ Standard ][ Sl ][Handshake][)ataﬂow » Handshake Dialect Transform

1HandshakeToFlRRTL » Handshake to FIRRTL Conversion

Circuits
[ FIRRTL ] System
I I RTL ] Verilog

LowerToRTL EmitVerilog

29 © Copyright 2018 Xilinx (A Xl LINX



Overview (5)

SSACFG
[ Standard ]

1StandardToStaticLogic » Standard to StaticLogic Conversion

SSACFG
[ Standard ][ Pipeline ]

lStandardToHandshake )

Handshaked .
( [ Standard ][ Sl ][Handshake][)ataﬂow » Handshake Dialect Transform

1HandshakeToFIRRTL » Handshake to FIRRTL Conversion

Circuits
[ FIRRTL ] System
I I RTL ] Verilog

LowerToRTL EmitVerilog
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Standard to StaticLogic Conversion

“bb2:

for (i = 1; i < N; ++i) %ib; e e (%@iZ, °f1, %o#3) ( {
. . . A %argo: <l1l6xindex>, %argl: 5
x[i] = x[@] + x[i] * y[i]; (%arg g

%arg2: <léxindex>):
%CO = 0 :
%cl = 1 :
%4 = load %arg@[%cO] <16xindex>
%5 load %arg@[%argl] : <16xindex>
%6 = load %arg2[%argl] : <16xindex>
%7 muli %5, %6 :
%8 addi %7, %4
store %8, %argl[%argl] : <16xindex>
%9 = addi %argl, %cl :

(%9) ) > ()

<1l6xindex>, <1l6xindex>)

“bb2:
%C0O 0 :
%Cl 1:
%4 = load %0[%cO] : <16xindex>
%5 load %0[%2] : <16xindex>
%6 = load %1[%2] : <1l6xindex>
%l muli %5, %6 :

%8 = addi %7, %4 :
store %8, %0[%2] : <léxindex>
%9 = addi %2, %cl :

"bbl(%9 : )

"bbl (%3 : )
"bb3:

q

SSACFG
] StandardToStaticLogic [ Standard ][ Pipeline

SSACFG
[ Standard ]

sl © Copyright 2018 Xilinx (A Xl LINX




Standard to StaticLogic Conversion

for (i = 1; 1 < N; ++i)
x[1] = x[@] + x[1] * y[i];

“bb2:
%CO = 0 :
%Cl = 1:
%4 = load %0[%cO] : <16xindex>
%5 load %0[%2] : <16xindex>
%6 = load %1[%2] : <1l6xindex>
%l muli %5, %6 :

“bb2:
%3 = "staticlogic.pipeline" (%0#2, %1, %0#3) ( {

) o ( <16xindex>, <16xindex>) ->
“bb1 (%3 : )
“bb3:

%8 = addi %7, %4 :
store %8, %0[%2] : <léxindex>
%9 = addi %2, %cl :

"bb1 (%9 : )

“bb3:

q

SSACFG
] StandardToStaticLogic [ Standard ][ Pipeline

SSACFG
[ Standard ]
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Handshake Dialect Transform Buffer Insertion (1)

=9 Start
: l . :
Il__'. """" : iy » Most elastic operations (except fork)
susnasess ll ................................ I""' ...... [ 1 handshaked dataflow are
5 'V':X B | S implemented as combinational logic
Fork : :
D1 : l '
w: I ! ! l
load y[i] load X[i] 0 i :
é‘ E L | | * : :
A load x[0]] | I
| & N i |
: '_v i :
! I
! I
: I
Fork store x[i] : :
A 4 A 4
Branch <J : »{ Branch
N [ PP S
pensfannununnnnnns | -
1 v End
33 & XILINX
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1 Start
: 1 _ _
Ir """"" : - » Most elastic operations (except fork)
ureeeens il ................................ |'iz'=""{"v ..... : i1 handshaked dataflow are
: 'V':X ) ?_ SLLEL] implemented as combinational logic
: [ :
P AL ,'E l » CMerge waits Branch to ready, while
v K / g 1! I Branch waits CMerge to ready
load y[i] load x[i]] I :
| L
<] i [Fek load xjoj| 1] |
% N i I |
: ¢ 11 !
: 1 l
: 1! :
: Fork store X]i] ‘I :
A 4 A 4
Branch <J k\—» Branch
| |
......................................... ,._.,_._:':,.!..:.....-
. 1 ¥ End :
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35

.............................................. py TG bt

: i l =I vdy

Mux | CMerge
s 3y !
Fork ': :
Pl : n :
R load y[i] load x[i] 0 I I
B 1 ) I -
i \4 I, !
|} ok joad xof] 1! |
1 N I| |
. * l I :
1 !
1! :
Fork store X]i] ‘I :
A 4 A 4

Branch <J k\—» Branch

| | I

s EEEE NN NN NN EEE NN NN EEEEEEEEEEEEEEEN I:w-!--: ------
: 1 v End

© Copyright 2018 Xilinx

» Most elastic operations (except fork)
In handshaked dataflow are
implemented as combinational logic

» CMerge waits Branch to ready, while
Branch waits CMerge to ready

» => Combinational graph cycle will
cause dead lock, at least one
sequential component should be
Inserted to break the cycle

& XILINX.



Handshake Dialect Transform Buffer Insertion (4)

36

.......... ill"ll___"
: 1 v \ 4
Mux | : CMerge
: L 2 I :
Fork : |
©1 : ] ! :
> b i I
load y[i] load x[i]] Buffer :
1K Yy ]
“| : | Fork load x[0)] | |
T N i |
: \{ | !
|
i |
i |
i |
Fork store x[i] I :
4 J : \ 4
Branch =—p1 Branch
| | I
seeEEEEEEEEEEEE NN NN NN NN EEEEEEEEEEEEEEEN I:::r....l ------
................. busnnnnnns
1 v End
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» Most elastic operations (except fork)
In handshaked dataflow are
implemented as combinational logic

» CMerge waits Branch to ready, while
Branch waits CMerge to ready

» => Combinational graph cycle will
cause dead lock, at least one
sequential component should be
Inserted to break the cycle

» => Insert a buffer to each detected
combinational graph cycle

& XILINX.
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.......... ill"ll___"
: 1 v \ 4
Mux | : CMerge
: L 2 I :
Fork : |
©1 : ] ! :
> b i I
load y[i] load x[i]] Buffer :
1K Yy ]
“| : | Fork load x[0)] | |
T N i |
: \{ | !
|
i |
i |
i |
Fork store x[i] I :
4 J : \ 4
Branch =—p1 Branch
| | I
seeEEEEEEEEEEEE NN NN NN NN EEEEEEEEEEEEEEEN I:::r....l ------
iesndannnnsnunnnnn busnnnnnns r
1 v End

© Copyright 2018 Xilinx

For correctness

» Most elastic operations (except fork)
In handshaked dataflow are
implemented as combinational logic

» CMerge waits Branch to ready, while
Branch waits CMerge to ready

» => Combinational graph cycle will
cause dead lock, at least one
sequential component should be
Inserted to break the cycle

» => Insert a buffer to each detected
combinational graph cycle

For performance

» Buffers can break critical path and
eliminate back pressure
& XILINX.



Handshake to FIRRTL Conversion (1) argo argl

A 4 bb0

Fork
|

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = (%argl) {control = true} : (none) -> (none, none)
%1 (%0#0) {value = 42 : } o

%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

«-----

Type Conversion g Lowering

firrtl.module @simple addi(
%argd: !firrtl.bundle<valid: uint<1l>, ready: flip<uint<1>>, data: uint<64>>,
%argl: !firrtl.bundle<valid: uint<1>, ready: flip<uint<1>>>,
%arg2: lfirrtl.bundle<valid: flip<uint<1>>, ready: uint<1>, data: flip<uint<64>>>,

%arg3: lfirrtl.bundle<valid: flip<uint<1>>, ready: uint<1>>,
%clock: !firrtl.clock, %reset: !firrtl.uint<1>) {

38 © Copyright 2018 Xilinx (A Xl LINX



Handshake to FIRRTL Conversion (1) argo argl

A 4 bb0

Fork
|

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = "handshake.fork"(%argl) {control = true} : (none) -> (none, none)
%1 = "handshake.constant" (%0#0) {value = 42 : } o

%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

«-----

Type Conversion g Lowering

firrtl.module @simple addi(...

}

39 © Copyright 2018 Xilinx (A Xl LINX



Handshake to FIRRTL Conversion (2) argo argl

A 4 bb0

Fork
|

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = (%argl) {control = true} : (none) -> (none, none)
%l = (%0#0) {value = 42 : } o

%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

«-----

Build Submodule g Lowering

firrtl.module @handshake.fork 1lins 2outs ctrl(...
firrtl.module @handshake.constant 42 1ins louts(...) {...
firrtl.module @std.addi 2ins louts(...) {...}

firrtl.module @simple addi(... ) {

}
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Handshake to FIRRTL Conversion (3) argo argl

A 4 bb0

Fork
|

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = (%argl) {control = true} : (none) -> (none, none)
%1 (%0#0) {value = 42 : } : (none) ->

%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

«-----

Submodule Instantiation g Lowering

firrtl.module @handshake.fork 1lins 2outs ctrl(... ) {...
firrtl.module @handshake.constant 42 1ins louts(...) {...}
firrtl.module @std.addi 2ins louts(...) {...}

firrtl.module @simple addi(... ) {

%0 = firrtl.instance @handshake.fork 1ins 2outs ctrl {name = } : Ifirrtl.bundle<...
%4 = firrtl.instance @handshake.constant 1ins louts {name = } : Ifirrtl.bundle<...>
%7 = firrtl.instance @std.addi 2ins louts {name = } : Ifirrtl.bundle<...>

}
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Handshake to FIRRTL Conversion (4)

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = (%argl) {control = true} : (none) -> (none, none)
%1 (%0#0) {value = 42 : } o
%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

Reconnection

firrtl.module @handshake.fork 1lins 2outs ctrl(...
firrtl.module @handshake.constant 42 1ins louts(...) {...
firrtl.module @std.addi 2ins louts(...) {...}
firrtl.module @simple addi(... ) {
%0 = firrtl.instance @handshake.fork 1ins 2outs ctrl {name = : Ifirrtl.bundle<...

%4 = firrtl.instance @handshake.constant 1ins louts {name = } : Ifirrtl.bundle<...>

%7 = firrtl.instance @std.addi_2ins louts {name = : Ifirrtl.bundle<...>

© Copyright 2018 Xilinx

«----
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Handshake to FIRRTL Conversion (4)

handshake. @simple addi(%arg0: , %argl: none) -> ( , hone) {
%0:2 = "handshake.fork"(%argl) {control = true} : (none) -> (none, none)
%1 "handshake.constant" (%0#0) {value = 42 : } o
%2 = addi %arge, %1 :
handshake. %2, %0#1 , hone

Reconnection

firrtl.module @handshake.fork 1lins 2outs ctrl(...

firrtl.module @handshake.constant 42 1ins louts(...) {...

firrtl.module @std.addi 2ins louts(...) {...}

firrtl.module @simple addi(... ) {
%0 = firrtl.instance @handshake.fork 1ins 2outs ctrl {name = ""} : I!firrtl.bundle<...
%4 = firrtl.instance @handshake.constant 1ins louts {name = ""} : !firrtl.bundle<...>
%7 = firrtl.instance @std.addi 2ins _louts {name = ""} : !firrtl.bundle<...>
firrtl.connect %arg2, %10 : !firrtl.bundle<...>, !firrtl.bundle<...>

firrtl.connect %arg3, %3 : !firrtl.bundle<...>, !firrtl.bundle<...>
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Handshake to FIRRTL Conversion (5)

» Pipeline operations are implemented as flushable pipeline

StageO Stagel Stage?2 Stage3
( Payload #3 ) ( Payload #2 ) ( Payload #1 ) ( Payload #O)

|

44 © Copyright 2018 Xilinx
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Handshake to FIRRTL Conversion (5)

» Pipeline operations are implemented as flushable pipeline

Time

45

|

StageO
( Payload #3 )

Stagel Stage?2 Stage3

il

Payload #2 ) ( Payload #1 ) ( Payload #O)

] StageO stalls
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Handshake to FIRRTL Conversion (5)

» Pipeline operations are implemented as flushable pipeline

StageO | Stagel | Stage?2 | Stage3

StageO stall
L (Payload #3) ) i (Payload #2] ) § (Payload #1] ) § (Payload #O] ) agen S

StageO | Stagel | Stage?2 | Stage3
( Payload #3 ) ( ] ( Payload #2 ] ( Payload #1 ]

. J

Time

& XILINX.
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Handshake to FIRRTL Conversion (5)

» Pipeline operations are implemented as flushable pipeline

StageO | Stagel | Stage?2 | Stage3

StageO stalls
L (Payload #3) ) i (Payload #2] ) § (Payload #1] ) § (Payload #O] ) J

( ) é ) 4 ) é )

StageO Stagel Stage?2 Stage3
— =
( Payload #3 ) ( ] ( Payload #2 ] ( Payload #1 ]

Time

( Y é ) é ) é )

StageO Stage?2 Stage3
 p— >
( Payload #3 ) ( ] ( ] ( Payload #2 ]

. J . J

» Valid signals are registered in each pipeline stage from input to output

& XILINX.
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Handshake to FIRRTL Conversion (6)

» Pipeline operations are implemented as flushable pipeline

StageO Stagel Stage?2 Stage3
( Payload #3 ) ( Payload #2 ) ( Payload #1 ) ( Payload #O)

|
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Handshake to FIRRTL Conversion (6)

» Pipeline operations are implemented as flushable pipeline

Time

49

|

StageO
( Payload #3 )

Stagel Stage?2 Stage3

il

Payload #2 ) ( Payload #1 ) ( Payload #O)

] Stage3 stalls
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Handshake to FIRRTL Conversion (6)

» Pipeline operations are implemented as flushable pipeline

StageO | Stagel | Stage?2 | Stage3 Stage3 stalls
( Payload #3 ] ( Payload #2 ] ( Payload #1 ] ( Payload #O]
StageO | Stagel | Stage?2 | Stage3

Time

L (Payload #3] ) L (Payload #2] ) § (Payload #1] ) § (Payload #O] )

& XILINX.
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Handshake to FIRRTL Conversion (6)

» Pipeline operations are implemented as flushable pipeline

StageO | Stagel | Stage?2 | Stage3
( Payload #3 ] ( Payload #2 ] ( Payload #1 ] ( Payload #O]

. J . J . J . J

Stage3 stalls

StageO Stagel Stage?2 Stage3
( Payload #3 ] ( Payload #2 ] ( Payload #1 ] ( Payload #O]

Time

StageO Stagel Stage?2 Stage3
( Payload #3 ] ( Payload #2 ] ( Payload #1 ] ( Payload #O)

» Ready signals are combinationally propagated from output to input
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Next Steps!
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On top of pipeline operation, what’s next? (1)

SSACFG
[ Standard ]

1StandardToStaticLogic

SSACFG
[ Standard ][ Pipeline ]

lStandardToHandshake

Handshaked
< [ Standard ][ Pipeline ][ Handshake ] Dataflow

1HandshakeToFIRRTL

Circuits
[ FIRRTL ] System
I I RTL ] Verilog

LowerToRTL EmitVerilog
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On top of pipeline operation, what’s next? (2)

] SSACFG

[SCF, Affine
[ Standard ]

1StandardToStaticLogic

SSACFG
[ Standard ][ Pipeline ]

lStandardToHandshake

Handshaked
< [ Standard ][ Pipeline ][ Handshake ] Dataflow

1HandshakeToFIRRTL

Circuits
[ FIRRTL ] System
I I RTL ] Verilog

LowerToRTL EmitVerilog
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» Standard to StaticLogic Conversion
- Directly lower from SCF/Affine operations
- How to distinguish “pipelinable” processes
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On top of pipeline operation, what’s next? (3)

SSACFG
[SCF, Aﬁine]
[ Standard ]
1StandardToStaticLogic
SSACFG
( [ Standard ][ Pipeline ]
lStandardToHandshake

Handshaked
< [ Standard ][ Pipeline ][ Handshake ] Dataflow

1HandshakeToFIRRTL

Circuits
[ FIRRTL ] System
I l RTL ] Verilog

LowerToRTL EmitVerilog
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» Standard to StaticLogic Conversion
- Directly lower from SCF/Affine operations
- How to distinguish “pipelinable” processes

» Pipeline Dialect Transform
- Pipeline mapping (e.g. stage splitting)
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On top of pipeline operation, what’s next? (4)

SSACFG
[SCF, Affine]
[ Standard ]
1StandardToStaticLogic
SSACFG
( [ Standard ][ Pipeline ]
lStandardToHandshake

Handshaked
< [ Standard ][ Pipeline ][ Handshake ] Dataflow

1HandshakeToFIRRTL

Circuits
[ FIRRTL ] System
I l RTL ] Verilog

LowerToRTL EmitVerilog
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» Standard to StaticLogic Conversion
- Directly lower from SCF/Affine operations
- How to distinguish “pipelinable” processes

» Pipeline Dialect Transform
- Pipeline mapping (e.g. stage splitting)

» Handshake Dialect Transform
- Pipeline-aware buffer insertion

& XILINX.



On top of pipeline operation, what’s next? (5)

SSACFG
[SCF, Aﬁine]
[ Standard ]
1StandardToStaticLogic
SSACFG
( [ Standard ][ Pipeline ]
lStandardToHandshake

Handshaked
< [ Standard ][ Pipeline ][ Handshake ] Dataflow

1HandshakeToFIRRTL

Circuits
[ FIRRTL ] System
I l RTL ] Verilog

LowerToRTL EmitVerilog
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» Standard to StaticLogic Conversion
- Directly lower from SCF/Affine operations
- How to distinguish “pipelinable” processes

» Pipeline Dialect Transform
- Pipeline mapping (e.g. stage splitting)

» Handshake Dialect Transform
- Pipeline-aware buffer insertion

» Handshake to FIRRTL Conversion
- Handshake => FIRRTL =@&)=>Verilog
- Feedback path handling in pipeline
- Late input and early output in pipeline
- RTL-level simulation (co-simulation)

- Incorporate with external FIRRTL or
Verilog modules, or IPs
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