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basic syntactic control of interference

Identity I'=M:6
r:0Fwx:0 Dx:0+-M:0
Dx:0FM:0
' e M:0 — 0
I'-F:0 —0 AFM:0
I'AFFM:0
' M:0 I'EN:0
L' (M,N):0" x60

Weakening

— Introduction

— Elimination

X Introduction




basic syntactic control of interference

skip :
asg :

der :

seq
seq

op
if

while :
newvar :

newvar :

. exp

. exp

com
cell X exp — com

cell — exp

: com X com — com
: com X exp — exp
. eXp X exp — exp

. exp X com X com — com

exp X com — com
(cell = com) — com

(cell — exp) — exp

constant

constant

no-op

assignment
dereferencing
sequencing
sequencing with boolean
logical operations
branching
iteration

local variable

local variable.



basic syntactic control of interference

skip :
asg :

der :

seq

seq

op :

if

while :
newvar :

newvar :

. exp

. exp

com
cell X exp — com

cell — exp

. Com X com — com

: com X exp — exp

exp X exp — exp

. exp X com X com — com

exp X com — com
(cell = com) — com

(cell — exp) — exp

par :

com — com — Ccom.

constant

constant

no-op

assignment
dereferencing
sequencing
sequencing with boolean
logical operations
branching
iteration

local variable

local variable.



geometry of synthesis: a “direct” circuit semantics

A, (i e . A,09)
1 > 1 _»
A1(or) : : A1(ia)
— : <t
A (ir) : + . (03)
2 > : 2 >
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a2 : -2
g, (ir) eval g, (0a)
HH P > 1 >
B1(OI‘) : ‘ B1 (ia)
A e—— : —-<
Bz(|r) |32(0a)>
B (or) ' ) B (ia)
<2 ——
AN L . a,l09)
1 > LY
A1(or) : , A1(ia)
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A (or) ; : A (ia)
<2 — 2
NG A(03)
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closed monoidal cate

gory with cartesian products

|ICE:(9|—£L‘:(9]]:Z'd[[9]]
[C,2:0'-M:0]=[TF M :0] om

[T Xe.M: 0" — 0

| = A([T,2: 0"+ M :0])

IT,AFFM:60

| =evalo ([AF M:0'|® [+ F:0'—0])

[T (M,N):60x0"

| = ([l + M:0] @ [p(T" = N:6")]) o &y



closed monoidal category with cartesian products

[z :0F x:0] =ide
[T,2:0'-M:0] =T+ M:0]om
[T -Xe.M:0" — 0] =A(l",z:0"+ M :0])
[C,AFFM : 0] =evalo ([AF M:0'] [T+ F:0'—0])

[TH(M,N):0x6]=(TF M [p(TF N:0)) oyl




game-inspired semantics for language constants

[seq : (com; X comy) — comg] [while : (exp; x comy) — coms]|
. 1 2 3
[skip : com] i

........... R3 D3 >: —
R >f : > , - '

] D1 ! —_— '

. - — e : ECE
'__--__-__--: R2 ' : D2 '
-« v S '

=.D R3.R1.D1.R2.D2.D3 R3.Q1.T1.R2.D2.Q1.F.D3



it works




... but not as well as it should

while true do skip




... but not as well as it should

while true do skip

R3 +¢------=------. D3
> : > .
el ? | <: 1l formed)
' :<




... but not as well as it should

while true do skip

R3 +¢------=------. D3
> : > .
el ? | <: 1l formed)
' :<




... but not as well as it should

while true do skip

R3 +¢------=------. D3
> : > .
el ? | <: 1l formed)
' :<




digital (clocked) hardware is
game-semantic models are asynchronous



synchronous traces for constants

[while : (exp; x comy) — comg]|

R Creieaaann R8 ot . D3 0 > — >
> © ] : Qi ! LT
) R1 ' ' D1 - —r\_‘i
- < 2 — . F1
R2 . D2 -
< l‘ [
------------ ' R2 v D2




synchronous traces for constants

[skip : com] i

[while : (exp; x comy) — comg]|
[seq : (com; X coms) — comg]|

R3 r------------ D3
R Lt R3 > """""" . D3 > —
> ' > R1 : ' DA > Ql . . T1
e e e e e e e e R2 ) D2 L ¢
< -y Z
------------ ' R2 v D2
« -«

11



synchronous traces for constants

[while : (exp; x comy) — comg]|

R Lt R3 s - -mmmmm : D3 > ——P

R2




synchronous traces for constants

[while : (exp; x comy) — comg]|

. lskip:com| e o RS rtt e SR
> ' > R1 . S Q1 T
. . ¢ ; —’“—:4 ' ) F1
e e e e e e e R2 ) D2 g

« —q :
------------ ' R2 D2
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synchronous traces for constants

[while : (exp; x comy) — comg]|
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synchronous traces for constants

[while : (exp; x comy) — comg]|
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synchronous traces for constants

R

------------

>

[seq : (com; X coms) — comg]|

R3 Pttt : D3
>— - >
R1 . : D1

< :
R2

<R3,R1>.<D1,R2>.<D2,D3>
<R3,R1,D1,R2>.<D2,D3>
<R3,R1>.<D1,R2,D2,D3>

<R3,R1,D1,R2,D2,D3>

[while : (exp; x comy) — comg]|

> ——>
Q1 b
—r\_‘?
— <
R2 . D2
-« —

<R3,Q1>.<T1,R2>
<D2,Q1>.<F1,D3>
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synchronous traces for constants

R

------------

>

[seq : (com; X coms) — comg]|

R3 Pttt : D3
> . >
R1 : . D1
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synchronous traces for constants

R

------------

>

[seq : (com; X coms) — comg]|

R3 Pttt : D3
>— - >
R1 . : D1

< :
R2

<R3,R1>.<D1,R2>.<D2,D3>
<R3,R1,D1,R2>.<D2,D3>
<R3,R1>.<D1,R2,D2,D3>

<R3,R1,D1,R2,D2,D3>

[while : (exp; x comy) — comg]|

> ——>
Q1 b
—r\_‘?
[]
R2 . D2
-« —

<R3,Q1>.<T1,R2>
<D2,Q1>.<F1,D3>
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more complex languages: scc

0 y: 0" M:0

x0T b Mz /y] 6



more complex languages: scc

0 y: 0" M:0
x0T b Mz /y] 6

A" -  B=lAQRQ--- QLA —o B
|

T

[A© B]=[A][BJu[B][A]  [#A]= [A)



why not represent the game models in hardware?




why not represent the game models in hardware?

seqg : com x com = com




why not represent the game models in hardware?

seqg : com x com = com
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why not represent the game models in hardware?

seqg : com x com = com

Xilin d MudigMestlvirtexivirtex.ise - [seq_async.ngc]
[#) File Edt View Proj ource  Process Window Help
?r
. \ LTS FO e
(cn » = . i -

correct,
but Inefficient

Ir1

13



more on representing game models in hardware

@ par : com —> com —-> Ccom

g
* E= Xilinx - ISE - C:\cygwin\home\Administrator\udightestivirtexivirtex.ise - [par_async.ngc]

[#) File Edit View Project Source Process Window Help
!r |r2
1 7d2

?2d1 Irp Iy

QRO

'I’2 7d1 '7d2 |r1 j > LUT4_0002

QO

'?d2 '?d1

Id

LUT4_FBO0O LUT4_1000

F T M

\
[#) iter_sync.nge | [F) iter_async.nge [E] par_async.nge [#] par_syncnge | [F] pardet_asyncnge | [F] pardet_syncnge | [F] seq_asyncnge | [E] seq_syncnge | [E)] skip_async.nge | [%] skip_sy

14



more on representing game models in hardware

1 ?d2

?2d1 Irp

par

COIm

—> CcOom —> Ccom

m—

\

INcorrect:
non-determinis

Ic automata

cannot be re

oresented.




a solution: round abstraction
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a solution: round abstraction

¢ “Reactive Modules”, Alur & Henzinger. LICS 1996 / FMSD 1999.

e create synchronous “rounds” of signals controlled by specific signals
used as “clocks”

e\we use a “maximal” form of round abstraction
* make the rounds as long as possible

e ... but avoid using the same signal twice in one round
(cf “schizophrenia” in Esterel)

15



asynchronous automaton: while

16



step 1: round generation

?rlg?fld

?rlq?




step 1: round generation

?rlg?fld

?rlq?

o

?rlg?tird




Step 2: reduction

?rlg?fld

?rlq?




synchronous automaton for while

?r,1q, 24411, ?2d 1

?r,1q,/2t,!r1

O

?t,Ir1,7d™g, 7f,!d,?

T —

1g,7f,1d

lq, 7%, Ir 1
?7d1,1q,9f,!d,?r

v
‘ ?d1,!9,7t,!r1

19



= Xilinx - ISE - C:\cygwin\home\dministrator\udigMestivirtexivirtex.ise - [iter_async.ngc]| = Xilinx - ISE - C:\cyewinhome\A dministratorMudigMestivirtexvirtex.ise - [iter_sync.ngc]|

File Edit Yiew Project Source Process Window Help =& [X] |# File Edit View Project Source Process Window Help

€
3
=
m

-
-
-
-

() iter_sync.nge [£) ter_async.nge [F) par_asynenge | [F) par_synenge | [F] pardet_asyncnge | [F) pardet synenge | [F)] se_asynenge | [F) seasynenge | [F) skip_asynenge | [F) skip_syne.nge [®) iter_sync.nge [E) ter_async.nge | [F] par_asynenge | [F] par_syncnge | [F] pardet_asyncnge | [F] pardet_syncnge | () seq_asynenge | (] seqsyncnge | [F] skip_asynenge | [E] skip_sync.nge

o states, 23 LUTs 4 states, 28 LUTs

20



AcygwinthomeMAdmi

= 1 luni= Sy orMudig)testivirtexlvirtex.ise - [skip._async.ngc]| i inh ini udightestivirtexvirtex.ise - [skip_sync.ngc]

| 222

[# File Edit View Project Source Process Window Help

LUT3 A8

@ iter_sync.ngc @ iter_async.ngc [j_;_r_]' par_async.ngc @ par_sync.ngc @ pardet_async.ngc @ pardet_sync.ngc @ seq_async.ngc @ seq_sync.ngc @ skip_aspnc.nge @ skip_synec.nge [j_;_r_]' iter_sync.ngc [j_;_(]' iter_async.ngc @ par_async.ngc @ par_sync.ngc @ pardet_async.ngc @ pardet_sync.nac @ seq_async.ngc [j_y__]' seq_sync.ngc L_Zj skip_async.nge E,] skip_sync.ngc




Xilinx - ISE - C:\cygwinthome\AdministratorMudigMestivirtexivirtex.ise - [pardet_async.ngc]|
\#] File Edit View Project Source Process Window Help

sl

=

@ iter_sync.ngc @ iter_async.ngc @ par_async.ngc @ par_sync.ngc E.] pardet_async.ngc @ pardet_sync.nac @ seq_async.ngc @ seq_sync.ngc @ skip_async.ngc

@ skip_sync.ngc

3 states, 20 LUTs

Xilinx - ISE - C:\cygwin\homeM dministratoriMudigMestivirtexivirtex.ise - [pardet_sync.ngc]
\#] File Edit View Project Source Process Window Help

@ iter_sync.ngc

@ iter_async.ngc

LUT4_FBAB

LUT2.7

@ par_async.ngc @ par_sync.ngc @ pardet_async.ngc @ pardet_sync.nac @ $eQ_async.ngc @ seq_sync.ngc @ skip_async.ngc

@ skip_sync.ngc

4 states, 12 LUTs
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ilinx - ISE - C:\cygwinihomelAds ratorMudigMestivirtexivirtex.ise - [seq_async.ngc]
\#] File Edit View Project Source Process Window Help

LUT8

[E)ter_sync.nge | [F] iter_async.nge | [F] par_asyne.nge

[E] par_sync.nge

[F] pardet_async.nge

LUT8

LUT4_1000

[®) pardet_sync.nge

LUTE

@ seq_async.ngc

[®) sea_sync.nge

LUT4_0002

LUT4_0002

LUT4_0002

[E) skip_asyne.nge

@ skip_syne.ngc

3 states, 20 LUTs

[¥) iter_sync.nge

[E) iter_async.nge

@ par_async.ngc @ par_sync.ngc @ pardet_async.ngc @ pardet_sync.ngc [;3] seq_async.ngc @ seq_sync.ngc @ skip_async.ngc

@ skip_sync.ngc

4 states, 12 LUTs
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le Edit View Project Source Process Window Help

LTS

LUT4_1000

[E)ter_sync.nge | [F] iter_async.nge | [F] par_asyne.nge

@ par_sync.ngc

.ise - [seq_async.ngc]

FD

[E] pardet_async.nge | [] pardet_syne.nge

LTS

LUT4_1000

LUTE

@ seq_async.ngc

[®) sea_sync.nge

LUT4_0002

LUT4_0002

LUT4_0002

[E) skip_asyne.nge

[E] skip_sync.nge

= .ise - [seq, sync.ngc]|

\# File Edit View Project Source Process Window Help

Better, but not
just wires!

3 states, 20 LUTs

[E) ter_sync.nge | [F] iter_async.nge

(%] par_asyncnge | [F] pa_syncnge | [E] pardet_async.nge | [F] pardet_sy

4 states, 12 LUTs

23



what is going on with sequential composition®




what is going on with sequential composition®

?r,!r1,?7d1)Ir2,7d2,!d

?d2,!d,?r,)1,2d1,Ir2r,lr1 - 2d1,1r2]2d2,!d VS @QO

?d1,!r2,792,!d,?r,!r1




what is going on with sequential composition®

the representation

‘ of the game model has
built-in (unnecessary)

“error detection”

2d2,1d,7r¥1,2d1,12]r1 241, Ir2| 2d2,1d VS @@o

y

‘ ?d1,1r2,792,!d,?r,!r1

?r,Ir1 2d1,Ir2




what is going on with sequential composition®

the representatio

‘ of the game modg the behaviour of
built-in (Unneceg these two automata in

“arror detection  €gal environments is
actually the same

?d2,!d,?r,r1,2d1,Ir2rIr1 2d1,1r2] 2d2,!d VS Q 11 20

y

‘ ?d1,1r2,792,!d,?r,!r1

?r,Ir1 2d1,Ir2




a genuine application: diagonals (bsc)

> ?d.0,!d1.5,7r2.0,!.0

r2.0,!r.0

?r1.(

D,Ir.0

“7r1.0,!r.0

25



“:}1

WT4_FFeF
LUTS
LUTS

TS

]
.

/7 reqisters 22 LUTs

LUTS

.. LUTE FD I
LUTS FD LUTS _[
_{\_:_._ =5

3 registers 6 LUTSs

26



diagonal for com = com (bsc/)

Ir/O

2.0 ?2A\0

Irr1.0

13 reqisters 94 LUTs

\

?r2.0,!r.0.,?r.0. Ir

?r1.0,!r.0,%rr.0,!rr1.0

?d.0,!d1 .

2.0 2dd1.0 Tde-0, 20" 89d g

(]

3

2rr.0/r Ql(,%c?;
.0,7qc

2r270 110! @6y, Ot rw DRI P OGP @ddR!61.0

:,-.,-9d.0,!d2.
04d.0 2r2 DRy

?dd1.0,!dd.(

r1.0,!r.0,7r1.0,!re4.0, Tele 0.0 0 ®.0r.0 \orr,

?4.0, 'j;g’,"g_il .., 9%9,_'8 dl AN AD220r. 0.2 100, rr2.0

?dd1.0,!dd.0,7d,0,!d1.0,7r2.0,!r.(

d@2.0/1dd.0,?d0,1d2.0,?r1.0,!r.0

D,7d.0,!d1.0

szzrilte gid)MAdal 160,!dd.0

NO¥r.0

2d.0/d1.0[2r1 8199549 1rr1.0

2dd1.0,!dd.0, 2di@] @O 512010020, Irr1.0

[ reqgisters 77 LUTs
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how about concurrent sharing”? seq ® seq
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how about concurrent sharing? seq ® seq |

?,;M" / \‘ ‘\‘\
il «\

[,2.. ,u“\‘\\\\\\\

\', /‘

‘k\\\\\\\\\\\

N
\\.\Il‘l)
Iy

kY|

i lk!r‘ﬂ
I
sl
il

A [
O g
‘;;‘x\{\r;:W

I
A

%
kAL
|

i "h 1

il

il
-wllll/
Wi tg;,‘

\\\ *‘ “‘ llll

34 states

64?2 tra

NS

fails synth

es|s
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conclusion
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