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Programming Kahn Networks

» Kahn networks (unbounded buffers):

» Synchronous Kahn networks (no buffers):

» n-Synchronous Kahn networks (bounded buffers):
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Synchronous Model

not_so_bad

(10)
— th7en x1
X (01) o
—> WhJ7en x2
stream | values clock
x1 5 2 (10)
X2 7 (01)
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n-Synchronous Model

good
(10)
x1
— when
X (01) +
— when X2
stream values clock
x1 5 3 (10)
buffer (x1) 5 2 (01)
X2 7 8 (01)
buffer(x1) + x2 12 10 (01)
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n-Synchronous Model



Clocks and Binary Words
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Instants
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O (i) = cumulative function of 1
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Clocks and Binary Words

0 11 I
£ 10t 4
q5 9_ * Owl
8 8_ e Ow2
E | _
Z .l Writings in the buffer i Pl |
5 : :
41 i
3+ o o—0 —
21 ] Readings in the buffer
1r |
0 ® ® | | | | | | | | | | |
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Instants
buffer size(w1,w2) = max;eN(Ow; (1) — Oy (7))
.- d . : .
adaptability wy <: w2 & o3 e N, Vi, 0 < Oy (1) — Owy (1) <n
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Clocks and Binary Words

(%] 11 I
£ 10t 4
q5 9_ * Owl
S 8r H Ow2
£ | _
Z .l Writings in the buffer i Pl |
5 . .
4k i
3+ o o—0 —
21 ] Readings in the buffer
1F _
0 ® ® | | | | | | | | | | |
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Instants
buffer size(w1,w2) = max;eN(Ow; (1) — Oy (7))
adaptability wr <:ws & I €N, Vi, 0< Oy, (6) — Ou, (6) < 7
synchronizability — w; <t w2 & b1,ba € Z,Vi, by < Oy (1) — Oy (1) < ba
precedence w1 =X wy v Vi, Ow, (1) > Oy (1)
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LUCY-N: a n-Synchronous Language



The Lucy-n Language

good

1 let node good x = o where (10)
- x1
2 rec x1 = x when (10) ]
X (01)
3 and x2 = x when (01) 9
when >
4 and o = buffer(xl) + x2

good :: forall ’a. ’a -> ’a on (01)

Buffer line 4, characters 11-21: size =1
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Clock Calculus

HEej:ck|C:, HEey:ck| O HFe:ck|C

HFei+ey:ck|CyLUCy H - buffer(e) : ck’' | {ck <: ck'} UC

» Adaptability constraints are collected during the clocking of a node.

» They are solved at the end of node clocking.
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Programming a stuttering node

: stutter
» Synchronous version (10)
let node stutter x = o where
rec o = merge (10) x x_bis > " 5
: (10) = .
and x_bis = ((0 fby o) whenot (10)) . | oo
0— - X _bis| ®©
fby
stutter :: forall ’a. ’a on (10) -> ’a g
stream values clock
X 5 7 3 6 2 (10)
(10) 1 01 01 0 1 0 1 0 (1)
0 fby o 0 5 5 7 7 3 3 6 6 2 (1)
x_bis = (0 fby o) whenot (10) 5 7 3 6 2 not (10)
o = merge (10) x x_bis 5 5 7 7 3 3 6 6 2 2 (1)
Lucy-N 12



Programming a stuttering node

: stutter

» Synchronous version (10)
let node stutter x = o where

rec o = merge (10) x x_bis > " 5

. (10) a o,
and x_bis = ((0 fby o) whenot (10)) 0 ig|
_» \/
fby|—s[ whenot ——

stutter :: forall ’a. ’a on (10) -> ’a g

» n-Synchronous version

new_stutter

let node new_stutter x = o where (gn

rec o = merge (10) x (buffer(x)) J o
new_stutter :: forall ’a. ’a on (10) -> ’a (E-————»

4| |—> (0]

Buffer line 2, characters 24-33: size =1

stream values clock

X 5 7 3 6 8 (10)
(10) 1 01 0 1 0 1 0 01 0 (1)
buffer (x) 5 7 3 6 2 8 not (10)
merge (10) x (buffer(x)) |5 5 7 7 3 3 6 6 2 8 8 (1)




Video Application
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Video Application

picture_in_picture_end

incrust_end

1
P-_ | downscaler , M anall

Qg ag on hf on not first_sd_line on vf a1 on incrust_end o

® 0
incrust_end 0'3 g >
p2 big o
whenot -
a1o 10 on not incrust_end

51 (* picture in picture *)

52 let clock incrust_end =

53 (07 (1920 * (1080 - 480)) {071200 1°720}°480)
54

55 let node picture_in_picture_end (pl, p2) = o where

56 rec small = buffer(downscaler pl)
57 and big = (p2 whenot incrust_end)
58 and o = merge incrust_end small big

Lucy-N 15



Abstraction



Abstract Clocks: abs (w) = (b°,b) (1)

gi(l)_ I B B e I E— — _"Al
S a1 =0, 5) (5) A2y
c 9. 5 2o,
g s -
5 7} -
z o 3 i
i Al r x4+ bt
5F _
41 | AOZTX’i—'—bO
3 . -
2+ _
15 _
0/// | | | | | | | | | | | | |
0O 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16
Instants
wlil=1 = 0,0) <A
concr (<bo,bl>(fr)) w | i w() s A7)
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Abstract Relations
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Abstraction of Clocks

Abstraction of clock expressions:

abs(not w) = not™ abs(w)

abs(ce; on ces) = abs(cey) on™ abs(ces)

Correctness property of operators:

not w € concr(not™ abs(w))

ce1 on ces € concr(abs(cer) on™ abs(ces))

Definition of abstract operators:

not™ (b%,b%) (r) = (=b, =) (1—r)
<b017b11> (7“1) on"™ <b027612> (TQ) —
<b01 X T —|—b02,b11 X T —|—b12> (7”1 X 7”2) with bol < 0 and b02 < 0

Lucy-N 19



Constraints Solving

System to solve:

{ag on hf on not first_sd_line on vf <: ayg on incrust_end}

1. Adaptability constraints
g < (& Ol Cg, 10 < x OIN C1p

{ce on hf on not first_sd_line on vf <:cig on incrust_end}

2. Abstraction of constraints
{abs (cg) on™ abs (hf) on™ not™ abs (first_sd_line) on™ abs (vf)

<:™ abs (c19) on™ abs (incrust_end)}
i.e. {abs (cg) on™ (=720, 2%) (5) <™ abs (c10) on™ (—192200,0) (%)}
3. System of linear inequations
4. Solution: cg = 0%315(1), ¢10 = (1)

picture_in_picture_end :: Yo (o x a on 0%3°(1)) — o on 0*%17(1)
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Video Application

delay buffer size

minimal result | 1920 (= 1 HD line) | 191 970 (= 266.6 SD lines)

abstract result | 4 315 (=~ 2 HD lines) | 193 079 (= 268.1 SD lines)
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Conclusion

http://www.lri.fr/~plateau/these

Lucy-N
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