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’tmp2’: BGN iter loop dim 1
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 0,1 → 72
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none


0 1 2


0


1


2


old/0
⊥0j+⊥1k+72


old/1
⊥0j+⊥0k+67


ck


cj







’tmp2’: BGN iter loop dim 1
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 0,2 → 79
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: END iter loop dim 1
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’tmp2’: BGN iter loop dim 2
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’tmp2’: new point: 1,0 → 68
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 1,1 → 73
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1


Changed dimensions: ck


0 1 2


0


1


2


old/1
⊥1j+5k+68


old/2
⊥0j+>k+67


ck


cj







’tmp2’: new point: 1,2 → 80
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: 1.1: prom old/0 → new/1


Changed dimensions: ck


0 1 2


0


1


2


new/1
⊥1j+⊥2k+80


old/1
⊥1j+5k+68


old/2
⊥0j+>k+67


ck


cj







’tmp2’: 1.2: old/1 absorbs new/1
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1
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’tmp2’: BGN iter loop dim 2
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’tmp2’: END iter loop dim 2
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’tmp2’: new point: 2,0 → 69
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: 1.1: prom old/0 → new/1


Changed dimensions: ck


0 1 2


0


1


2 new/1
⊥2j+⊥0k+69


old/2
1j+>k+67


ck


cj
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 2,1 → 74
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: END iter loop dim 1


Changed dimensions: ck


0 1 2


0


1


2 old/1
⊥2j+5k+69


old/2
1j+>k+67


ck


cj







’tmp2’: new point: 2,2 → 81
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.2: old/1 absorbs new/1
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’tmp2’: END iter loop dim 1
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 0,1 → 72
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: new point: 0,2 → 79
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.2: old/1 absorbs new/1
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’tmp2’: 1.3: prom new/1 → old/1


Changed dimensions: ck
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’tmp2’: END iter loop dim 1
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’tmp2’: new point: 1,1 → 73


Changed dimensions none
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1


Changed dimensions: ck
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’tmp2’: 1.2: old/1 absorbs new/1


Changed dimensions: ck
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’tmp2’: 1.3: prom new/1 → old/1


Changed dimensions: ck


0 1 2


0


1


2


old/1
⊥1j+5k+68


old/2
⊥0j+5k+67


old/2
⊥0j+⊥2k+79


ck


cj







’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: new point: 1,2 → 80


Changed dimensions none
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.2: old/1 absorbs new/1
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: BGN iter loop dim 2


Changed dimensions: cj
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’tmp2’: 2.1: prom old/1 → new/2


Changed dimensions: cj
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’tmp2’: 2.2: old/2 absorbs new/2


Changed dimensions: cj
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’tmp2’: 2.3: prom new/2 → old/2


Changed dimensions: cj
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’tmp2’: END iter loop dim 2
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’tmp2’: new point: 2,0 → 69


Changed dimensions none
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’tmp2’: new point → old/0 polyhedron
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1


Changed dimensions: ck
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’tmp2’: 1.2: old/1 absorbs new/1


Changed dimensions: ck
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: new point: 2,1 → 74


Changed dimensions none
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.2: old/1 absorbs new/1
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’tmp2’: 1.3: prom new/1 → old/1
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’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: new point: 2,2 → 81


Changed dimensions none
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1
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’tmp2’: 1.2: old/1 absorbs new/1


Changed dimensions: ck
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’tmp2’: 1.3: prom new/1 → old/1


Changed dimensions: ck
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’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: BGN iter loop dim 2


Changed dimensions: cj
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’tmp2’: 2.1: prom old/1 → new/2


Changed dimensions: cj
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’tmp2’: 2.2: old/2 absorbs new/2


Changed dimensions: cj
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’tmp2’: 2.3: prom new/2 → old/2


Changed dimensions: cj
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’tmp2’: END iter loop dim 2


Changed dimensions: cj
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’tmp2’: BGN iter loop dim 3


Changed dimensions: ci
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’tmp2’: 3.1: prom old/2 → new/3


Changed dimensions: ci
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’tmp2’: 3.2: old/3 absorbs new/3


Changed dimensions: ci
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’tmp2’: 3.3: prom new/3 → old/3


Changed dimensions: ci
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’tmp2’: END iter loop dim 3
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’tmp2’: DONE


Changed dimensions: ci


0 1 2


0


1


2


retired2
1j+5k+67


retired2
1j+⊥2k+79


ck


cj








Création d'une Représentation Polyédrique à Partir


d'une Exécution Instrumentée


Fabian Gruber1 Manuel Selva1 Diogo Sampaio1


Christophe Guillon2 Louis-Noël Pouchet3 Fabrice Rastello1


1Université Grenoble Alpes, CNRS, Inria, Grenoble INP, LIG
2STMicroelectrnoics


3Colorado State University


Vendredi 1 Février 2019


1 / 15







Objectif


Exécution


Instrumentée


Algorithme de


Compression


Représentation


Polyédrique


- Domaines d'itération


- Accès mémoires


- Dépendances de �ot


- Variables d'induction


- E�cace


- �Quasi�-a�ne


- Sur-approximation


- Géométrie


2 / 15







Objectif


Exécution


Instrumentée


Algorithme de


Compression


Représentation


Polyédrique


- Domaines d'itération


- Accès mémoires


- Dépendances de �ot


- Variables d'induction


- E�cace


- �Quasi�-a�ne


- Sur-approximation


- Géométrie


2 / 15







Objectif


Exécution


Instrumentée


Algorithme de


Compression


Représentation


Polyédrique


- Domaines d'itération


- Accès mémoires


- Dépendances de �ot


- Variables d'induction


- E�cace


- �Quasi�-a�ne


- Sur-approximation


- Géométrie


2 / 15







Objectif


Exécution


Instrumentée


Algorithme de


Compression


Représentation


Polyédrique


- Domaines d'itération


- Accès mémoires


- Dépendances de �ot


- Variables d'induction


- E�cace


- �Quasi�-a�ne


- Sur-approximation


- Géométrie


2 / 15







Exemple - Backprop


// For each unit in second


// layer


for (j = 1; j <= n2; j++) {


float sum = 0.0


// Compute weighted sum of


// its inputs


for (k = 0; k <= n1; k++)


sum += conn[k][j] * l1[k];


l2[j] = squash(sum);


}


for (j = 1; j <= n2) // cj=0, cj++


sum = 0.0


for (k = 0; k <= n1) // ck=0, ck++


tmp1 = load(&conn + k) I1


tmp2 = load(tmp1 + j) I2


tmp3 = load(&l1 + k) I3


sum = sum + tmp2 * tmp3 I4


k = k + 1 I5


...


j = j + 1 I6
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Entrées de l'Algorithme - Instructions


Id=I1 Id=I2 Id=I3 Id=I4 Id=I5 Id=I6
IV Label IV Label IV Label IV Label IV Label IV Label


(cj,ck) (cj,ck) (cj,ck) (cj,ck) (cj,ck) (cj)


(0,0) 12 (0,0) 67 (0,0) 407 (0,0) N/A (0,0) 1
(0,1) 13 (0,1) 71 (0,1) 408 (0,1) N/A (0,1) 2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


(0,42) 54 (0,42) 243 (0,42) 449 (0,42) N/A (0,42) 43 (0) 2
(1,0) 12 (1,0) 68 (1,0) 407 (1,0) N/A (1,0) 1
(1,1) 13 (1,1) 72 (1,1) 408 (1,1) N/A (1,1) 2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .


for (j = 1; j <= n2) // cj=0, cj++
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Sorties de l'Algorithme - Instructions


Id
Polyèdre Label expression
(cj,ck) f(cj,ck)


I1 0≤ cj ≤ 15,0≤ ck ≤ 42 0cj+1ck+12
I2 0≤ cj ≤ 15,0≤ ck ≤ 42 1cj+>ck+67
I3 0≤ cj ≤ 15,0≤ ck ≤ 42 0cj+1ck+407
I4 0≤ cj ≤ 15,0≤ ck ≤ 42 N/A
I5 0≤ cj ≤ 15,0≤ ck ≤ 42 0cj+1ck+1
I6 0≤ cj ≤ 15 1cj+2


for (j = 1; j <= n2) // cj=0, cj++


sum = 0.0


for (k = 0; k <= n1) // ck=0, ck++


tmp1 = load(&conn + k) I1
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Entrées de l'Algorithme - Dépendances


I1 → I2 I2 → I4 I3 → I4 I4 → I4 ...
IV Label IV Label IV Label IV Label ...


(cj,ck) (cj',ck') (cj,ck) (cj',ck') (cj,ck) (cj',ck') (cj,ck) (cj',ck') ...


(0,0) (0,0) (0,0) (0,0) (0,0) (0,0) ...
(0,1) (0,1) (0,1) (0,1) (0,1) (0,1) (0,1) (0,0) ...
. . . . . . . . . . . . . . . . . . ...


for (j = 1; j <= n2) // cj=0, cj++


sum = 0.0


for (k = 0; k <= n1) // ck=0, ck++
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Algorithme


Fonctionnement Général


Streaming


Polyèdres qui �grandissent�


De manière contrôlée


Complexité #points ∗3dmax


Pattern matching


Un seul algorithme


Instructions


Dépendances


# Per dimension list of absorber polyhedra.
<int, poly_list_t> absorbers


# Per dimension dictionary mapping
# extreme points to polyhedra to be absorbed
<int, <point_t, poly_t>> eps_2_to_be_absorbed


# While we have points
while(True):
# Is the stream ended?
point = wait_next_point()
if point == end_of_stream:


break
# Put current point in absorbers[0]
absorbers[0].insert(new Polyhedron(point))


# for each dimension d such that d=1 or loop d-1 completed
for d in process_dims(point):


# Step 1: promote absorbers[d-1] -> eps_2_to_be_absorbed[d]
for p in absorbers[d-1]:
p.move(absorbers[d-1], eps_2_to_be_absorbed[d])


# Step 2: absorbers[d] try to absorb eps_2_to_be_absorbed[d]
for abso in absorbers[d]:
absorbed = False
for v in abso.search_vectors:
corner = abso.upper_left
to_be_abs = eps_2_to_be_absorbed[d][corner + v]
if to_be_abs != None:
if (abso.can_absorb(to_be_abs, d) and


abso.has_compat_label(to_be_abs, d)):
abso.absorbs(to_be_abs, d)
absorbed = True
break


if not absorbed:
# abso will never absorb anyone along d,
# then promote it in the next dimension
abso.move(absorbers[d], eps_2_to_be_absorbed[d+1])


# Step 3: promote all of remaining
# eps_2_to_be_absorbed[d] -> absorbers[d]
for not_abs in eps_2_to_be_absorbed[d].values:
not_abs.move(eps_to_2_to_be_absorbed[d], absorbers[d])


# Stream finished, flush all pending polyhedra
flush_pending_polyhedra()
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Exemple 100% A�ne


// For each unit in second


// layer


for (j = 1; j <= n2; j++) {


float sum = 0.0;


// Compute weighted sum of


// its inputs


for (k = 0; k <= n1; k++)


sum += conn[k][j] * l1[k];


l2[j] = squash(sum);


}


12 13 14 15 16 17 18 19 20 21@


...
conn


66 67 68 69 70 71 72 73 74 75 76 77@


conn[0] conn[1] conn[2]
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Exemple 100% A�ne


Visualisation de l'algorithme
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Exemple Quasi-A�ne Sans Sur-Approximation


// For each unit in second


// layer


for (j = 1; j <= n2; j++) {


float sum = 0.0;


// Compute weighted sum of


// its inputs


for (k = 0; k <= n1; k++)


sum += conn[k][j] * l1[k];


l2[j] = squash(sum);


}


12 13 14 15 16 17 18 19 20 21@


...
conn


66 67 68 69 70 71 72 73 75 76 77 78@


conn[0] conn[1] conn[2]
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Exemple Quasi-A�ne Sans Sur-Approximation


Visualisation de l'algorithme
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Exemple Quasi-A�ne Avec Sur-Approximation


Visualisation de l'algorithme
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Conclusion


Présentation de l'algorithme


Intuition pour les accès mémoire via un exemple


Exactement la même chose pour les dépendances


Sous le tapis


Quelle forme ont les polyèdres ?


Quid des travaux existants ?


Sur-approximation géométrique ?


Comment utiliser le résultat ?
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Thank you for your attention
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Travaux Existants


Compression de traces : Ketterlin et al. - Rodriguez et al.


Approches non géométriques


Cas non-a�nes posent problème


Polyédrique à la volée


PolyJIT → codes 100% a�nes


APOLLO → sur-approximation des accès par des tubes
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’tmp2’: new point → old/0 polyhedron


Changed dimensions none
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’tmp2’: BGN iter loop dim 1


Changed dimensions: ck
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’tmp2’: 1.1: prom old/0 → new/1


Changed dimensions: ck
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’tmp2’: 1.2: old/1 absorbs new/1


Changed dimensions: ck
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’tmp2’: 1.3: prom new/1 → old/1


Changed dimensions: ck
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’tmp2’: END iter loop dim 1


Changed dimensions: ck
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’tmp2’: BGN iter loop dim 2


Changed dimensions: cj
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’tmp2’: 2.1: prom old/1 → new/2


Changed dimensions: cj
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’tmp2’: 2.2: old/2 absorbs new/2


Changed dimensions: cj
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’tmp2’: 2.3: prom new/2 → old/2


Changed dimensions: cj


0 1 2


0


1


2


old/2
1j+4k+67


ck


cj







’tmp2’: END iter loop dim 2


Changed dimensions: cj
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’tmp2’: BGN iter loop dim 3


Changed dimensions: ci
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’tmp2’: 3.1: prom old/2 → new/3


Changed dimensions: ci
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’tmp2’: 3.2: old/3 absorbs new/3


Changed dimensions: ci
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’tmp2’: 3.3: prom new/3 → old/3


Changed dimensions: ci
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’tmp2’: END iter loop dim 3


Changed dimensions: ci
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’tmp2’: DONE


Changed dimensions: ci
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