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Transparent
Synchronous
Dataflow

an OCaml PPX extension

https://github.com/cwtsteven/TSD
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let cost cell [3dfg 8.]
let price cell [%dfg 12.] lists in cells
let hs = 1lift [122.; 138.; 163.; 1l6lg
let historical sales = cell [%dfg hs] graph

let average hs = [%3dfg average historical WGEEElS
let std dev _hs = [%dfg std dev historical “sales]
let random hs cell [%dfg gauss average hs std dev hs]

let profif_ [$dfg random hs * (price - cost)]




Run -

model

I = | FH= | H= | H= 1 H= | FH= | HF= 1 H= 1 FH*

peek average hs;;
: float = 148.95
peek std dev hs;;
float = 25.4430245843

peek random hs;;
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Random HS 1
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float = 137.839327531
peek profit;;
: float = 551.357310127
step ()’
bool = true
peek average hs;;
float = 148.95
peek std dev hs;;
float = 25.443024584353175
peek random hs;;
float = 154.58015036351415
peek profit;;
float = 618.3206014540566
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Monte Carlo | |
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Profit Histogram

initial value

i
| Histo(1000, Profit)

let profit series = let s = cell [%dfg []] in
link s [3%dfg cons profit s]; s

change

dependency feedback loop
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Run
M O nte Carl O " hverage s " supevhs

5_ Average{Historical) StdeviHistorical)
| \
peek profit series ;; ( Mmims
float list = [] L NormiAverage HS, St. Dev.HS) }
step() 7’
bool = true ‘
peek profit series ;; ) Profit

float list = [363.3] ' RandomUs"(Price-Cost)

step )7
: bool = true

peek profit series ;; {Mﬂmmmmw
: float l1list = [206.2; 363.3]
step() 7’
bool = true
peek profit series ;;
float list = [335.8; 206.2; 363.3]

Histe(1000, Profit) J

| = 1| H= 1 H= | H= 1 FH= 1 H= 1 FH*H



The TSD Calculus



Ix:tkt: 1 'kt :7—>1" Tkt:1
Ix:thkx:7t TrFAxt:7T-o7 Tkt t:7 I'kn:Int

'Ft:Int THty:y TrEty:y T,f:tkt:x

'Fop:7T Fif t then t; else t,: vy Frecf.t: T
+,—, X, = : Int — Int — Int (arithmetic operations)
{ }:Int — Cell (cell creation)
link : Cell — Int — Unit (linking)
assign : Cell — Int — Unit (assignment of cells)
peek:y —y (peeking)
deref : Cell — Int (dereferencing of cells)
root : Cell — Int (dataflow graph of cells)

step : Int (step propagtion)
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Illustration by examples

(1+2)+(3+4)

(AMf.f f) (AXx.X)

let x = { 0 } in

let y = { (deref x) + 1 } in
step;

peek y
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Definition 3.1 (Evaluation tokens). For any graph G, the state of an evaluation token
(e,d, f,S,B) consists of a link e € Link; indicating the token position, a direction d, a
rewrite flag f, a computation stack S and a box stack B with

d:=T]]

fue=0|Alid]C| ! ulm|pll@E)]ald,i)|r()]|spls

S:=0 *:S|(7L,—):S|(Q,—):S|(Q,g):5I(Q,i):SI((_),—):SIifO:S|if1:S
B:=0O|r:B




Pass transitions

((g[tu“]n (i19 T: :SnB)a Q) — ((g[tu]: (i19 T: ‘U,,S,B), @)




Rewrite transitions
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Results

Proposition 3.1 (Determinism). The transitions — is deterministic up to equivalence of
propagation sequences.

Theorem 3.2 (Type soundness). Let G : {r : [[t]]} — 0 = [[F t : T]] for some closed
well-typed term - t : T. If t is recursion-free then any execution from Init(G, r) terminates.
Otherwise, the execution of t is at least safe.

Theorem 3.3 (Efficiency). The following operations can be executed in linear time on
the depth of the dataflow graph: cell creation ({t}), dereferencing, peeking, linking,
assignment, root. The step operation can be executed in linear time on the depth of the
dataflow graph and on the number of cells.



Optimisation ala TF

W = tf.Variable(np.random.randn(), name = "W")
b = tf.Variable(np.random.randn(), name = "b")
y pred = tf.add(tf.multiply(X, W), b)
cost = tf.reduce sum(tf.pow(y pred-Y, 2)) / (2 * n)
optimizer = tf.train.GradientDescentOptimizer(cost)
init = tf.global variables initializer()
with tf.Session() as sess:

sess.run(init)
X, Y 1 _y})
c = sess.run(cost, feed dict = {X : X, Y : y})

sess.run(optimizer, feed dict = {X :

weight = sess.run(W)

bias = sess.run(b)



Optimisation a la TSD

nondeterministic

let x = cell (lift 0) ~
let y = [%syf x x pc 1 + pc 0 | @>T .—».
let ps = fusion = .’v
optimise (x, y) ps loss data &/



Taming TF

e fuse variables opaquely
e only use symmetric operations

e prevent mixing using generative typing
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Typing via GADTs

type z = Z

type 'n s =S : 'n > 'ns

type 'n symtensor = 'n * Dictionary.t
val fusion : 'a graph -> 'n symtensor

S



Example: Ecosphere




Example: Ecosphere

Shrimp population oscillates Shrimp die-off
(loss ¥) (loss 1)



Example: Ecosphere

let createPrms _ = pc 1000.0, pc 500.0, pc 10.0, pc 100.0, pc 1000.0

let createCells _ =
let nut = cell (1lift ©0.0) 1in
let alg = cell (1lift ©0.0) 1in
let shr = cell (lift 0.0) 1in
let bac = cell (1lift ©0.0) 1in
let ded = cell (1lift ©0.0) 1in
(nut, alg, shr, bac, ded)

let createModel _ =
let (init_n, init_a, init_s, init_b, init_d) = createPrms () 1in
let (nut, alg, shr, bac, ded) = createCells () in
link nut [%syf nut_egn init_n nut alg bac ded ];
link alg [%syf alg_eqgn init_a alg nut shr 1;
link shr [%syf shr_egn init_s shr alg ];
link bac [%syf bac_eqgn init_b ded bac ];
link ded [%syf ded_eqn init_d ded bac alg nut shr 1;
(init_n, init_a, init_s, init_b, init_d, nut, alg, shr, bac, ded)

let optimise _ =

let mgdel = createModel () in
let (_,_,_,_,_,_,_,shr,_,_) = model in

let ps = fusion shr in
gradient_descent model ps loss 1000



Conclusions

operational semantics for specification
reason about type safety
reason about (in-principle) efficiency
extremely flexible -- exotic operations
e including dataflow primitives, graph abstraction, etc.

reason about observational equivalence
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