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1-D Convolution — Output Stationary

Weights Inputs Outputs
I | = | |
S w Q = W-ceil(S/2)f

O = Ig+s X Is

Traversal order (fastest to slowest): S, Q

int i[W]; # Input activations
int f[S]; # Filter weights
int o[Q]; # Output activations

Ronsqeing [05€0)
for s in (@, S):
o[q] += i[g+s]*f[s]
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Output Stationary

Tensor: F[S]

Rank: S
ORI
S S (-

Tensor: I[W]

Rank: W

Tensor: 0[Q]

Rank: Q
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An ISL Set

set1

Space Name Coordinates

{ SetXY]O0, 0] }
{ SetXY[1, 0]}
setl = isl.Set(f'{{ SetXY[x, y] : { gegvg, 8] }

g ] an(,j Coordinate E SthY{4’ O} i

O e i il specification/ { SetXY[0, 1] )
S S ) constraints §§2§¥{; Hi
{ SetXY[3. 1]}
/4 { SetXY[4, 1]}
{ SetXY[0, 2]}
Output: { SetXY[1, 2]}
{ SetXY[2, 2]}
set1 ={SetXY[x,y] :0<=x<=4and 0 <=y <=2} { SetxY[3, 2] }

{ SetXY[4, 2] }
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An ISL Set

Input: set! = { SetXY[x,y] :0<=x<=4and 0 <=y <=2}
X =25
Y. =43 { SetXY[x, y] }
2.00{ @ s s " s
setl = isl.Set(f'{{ SetXY[x, y] : i o
@ <= x <= {X-1} and '
0 <=y <= {Y-1} }}’) 1.50 A
plotSet(setl) 125
> 1.00 1@ 8 s " s
4 0.75 -
0.50 -
0.25 -
0.001 @ s s 8 8

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
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A different ISL Set

L13-6

setl = isl.Set(f'{{ SetXY[x, y] :
@ <= x <= {X-1} and
0 <=y <= {Y-1} }}’
v
Input: ‘
set2 = isl.Set(f'{{ SetWX[x, y] :
@ <= x <= {X-1} and
Dis<SSyate= MRS )
4
Output:

SetXY = {SetWX|x,y] :0<=x<=4and0<=y <=2}

March 18, 2026

Set has a different “spacename”

set?

{ SetwX]O0,
{ SetWX][1,
{ SetWX][2,
{ SetWX]3,
{ SetWX[4,
{ SetWwX]O0,
{ SetWX]1,
{ SetWX][2,
{ SetWX]3,
{ SetWX[4,
{ SetwX]O0,
{ SetWX]1,
{ SetWX[2,
{ SetWX]3,
{ SetWX[4,

0] }
O] }
0] }
0] }
0] }
11}
11}
11}
11}
U
2]}
2] }
2] }
2] }
2]}

4
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A different ISL Set

setl = { SetXY[x,y] :0<=x<=4and0<=y<=2} | | set2={SetWX[x,y]:0<=x<=4and0<=y<=2}

{ SetxY[x, y] } { SetWX[x, y] }
20014 @ @ o £ L 2004 @ i ¢ EH &
1.75 + 1.75 4
1.50 A 1.50 4
1.25 1 1.25 4
> 1.00 1% L & & L > 1.00 1 @ o & & -
0.75 - 0.75 4
0.50 0.50 -
0.25 - 0.25 -
0.00 1 @ ® @ @ o 0004 @ o Py A Py

T T T T T T L T T
T T T T Ll Ll T Ll Ll
@ 83 30 15 20 23 30 aAF 40 0 05 10 15 20 25 30 35 40
Not the same!
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Different Coordinate Order

L13-8

set3

setl = isl.Set(f'{{ SetXY[x, y] :
0 <= x <= {X-1} and
9 <=y <= {Y-1} }}’
7
Input: ‘
set3 = isl.Set(f'{{ SetXY[y, x] :
0 <= x <= {X-1} and
OB RV NI o)
4
Output:
set3 = { SetXY[y, x] : @<=y <=2 and @ <= x <=4 }

March 18, 2026

N e e e N e Y e e e N e L e N

SetXY[0, 0]
SetXY[0, 1]
SetXY[0, 2]
SetXY[0, 3]
SetXY[0, 4]
SetXY[1, 0]
SetXY[1, 1]
SetXY[1, 2]
SetXY[1, 3]
SetXY[1, 4]
SetXY[2, 0]
SetXY[2, 1]
SetXY[2, 2]
SetXY[2, 3]
SetXY[2, 4]

L L e B S O 2 = L SV U e

4
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ISL coordinate order matters

L13-9

setl = { SetXY[x,y] :0<=x<=4and 0 <=y <=2}

{ SetXY[x, y] }

set3 = { SetXY[y, x] : 0<=y<=2and 0 <=x<=4}

{ SetXY[y, x] }

2.001 @ & L = L 4.0 L
1754 3.5 1
1.50 A 3.01 @
1.25 4 2.5 1

> 1..00 1@ & o & L x 2.0 &
0.75 1 1.5
0.50 - 101
0.25 A 0.5 1
0.004 @ @ o o L 0.01 @

0?0 0.'5 le l.IS 2:0 2?5 3.‘0 3.'5 4.'0 0.60

March 18, 2026

Not the same!

025 050 0.75 1.00 1.25
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Different Constraints

Input:
setl = isl.Set(f'{{ SetXY[x, y] :
@ <= x <= {X-1} and
0 <=y <= {Y-1} }}’

4

Output:

set1 ={SetXY[x,y] :0<=x<=4and 0 <=y <=2}

Input: ‘

setd = isl.Set(f'{{ SetXY[x, y] :
@ <= x < {X} and
DR veren (Nis 1) 59)

Output:

set1 set4
{ SetXY][0, 0] } { SetXY[0, 0] }
{ SetXY[1, 0]} { SetXY[1, 0] }
{ SetXY[2, 0] } { SetXY[2, 0] }
{ SetXYI[3, 0] } { SetXY[3, 0] }
{ SetXY[4, 0] } { SetXY[4, 0] }
{ SetXY[0, 1]} { SetXY[0, 1]}
{ SetXY[1, 1]} { SetXY[1, 1]}
{ SetXY[2, 1]} { SetXY[2, 1]}
{ SetXY[3, 1]} { SetXYI[3, 1]}
{ SetXY[4, 1]} { SetXY[4, 1]}
{ SetXYI[0, 2] } { SetXYI[0, 2] }
{ SetXY[1, 2] } { SetXY[1, 2] }
{ SetXY[2, 2]} { SetXY[2, 2] }
{ SetXY[3, 2] } { SetXY[3, 2] }
{ SetXY[4, 2] } 7 { SetXY[4, 2] } 3

setd ={SetXY[x,y] :0<=x<=4and 0 <=y <=2}

set1 and set4 are the same

March 18, 2026
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More Complex Constraints

setl = isl.Set(f'{{ SetXY[x, y] :
@ <= x <= {X-1} and set
S ) T
{ SetXY]0, 0] }
4 { SetXY[1, 0] }
{ SetXY[1, 1]}
Input: { SetXY][2, 0] }
' { SetXY][2, 1]}
setbu=lis] "Set'¢F &l SetXY[ X, - ya* : { SetXY][2, 2] }
@ <= x <= {X-1} and { SetXY[3, 0] }
B.<="y.- <= X' }}') { SetXY][3, 1]}
{ SetXY][3, 2] }
d { SetXY[3, 3] }
_ { SetXY[4, 0] }
Output: { SetXY[4, 1]}
set5 = { SetXY[x,y] :0<=x<=4and 0 <=y <= x } E getiqj g} i
e ;
{ SetXY[4, 4] }
4
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More Complex Constraints

L13-12

setl = { SetXY[x,y] :0<=x<=4and 0 <=y <=2}

set ={SetXY[x,y]:0<=x<=4and 0 <=y <=x }J

2.00 A

1.75 A

1.50 A1

1.25 A

> 1.00 A

0.75 1

0.50 1

0.25 A1

0.00 A

{ SetXY[x, y] }

L * L L
& & & &
& ¢ o L
0.0 0.5 1.0 1.5 2.0 2.5 3.0

March 18, 2026

4.0 1

3.5 1

3.0 1

2.5

> 2.0 4

1.5

1.0 1

0.5 1

0.0

{ SetXY[x, y] }

&

b L]

& & &

L L & ¢

@ @ & &

O.IS 1,I0 1.I5 2.10 2.'5 3.'0 3.I5 4.I0
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Defining an Iteration Space

Input: _
P ispaceXY
X=5
Y=3

{ lterationSpace][0, 0

ispaceXY = isl.Set(f{{ lterationSpace[x,y] : % :terat?ongpace{;, 8
0 <= x <{X} and era !on pace|Z,

0<=y<{Y}}}) P { IterationSpace[3, 0

1%
1}
11
1}
{ lterationSpace[4, 0] }
{ IterationSpace[0, 1] }
Output: { IterationSpace[1, 1]}
{ IterationSpace[2, 1] }
1}
1}
I
1}
I
1}
1}

ispaceXY = { lterationSpace[x, y] : 0 <=x<=4and0<=y <=2}

{ lterationSpace[3, 1
{ lterationSpace[4, 1
{ IterationSpace[0, 2
{ IterationSpace[1, 2
{ lterationSpace[2, 2
{ lterationSpace[3, 2
{ IterationSpace[4, 2

4
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Iteration Space

O = Ig+s X Is

Tensor: Ispacel[5, Q]

Rank: S 0

What is the iteration space? Cross productof Q x S
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Defining an Iteration Space

)
3

X
Y

ispaceXY = isl.Set(f{{ IterationSpace[x,y] :
0 <= x < {X} and
0.==y< {YHIY) 7

\ 4

Input:

Q=5
S=3

ispace = isl.Set(f{{ lterationSpace|q,s] :
0<=q<{Q}and
0<=s<{S}})

4

Output:

ispace

L13-15

ispace = { lterationSpace[q,s]:0<=qg<=4and0<=s<=2}

{ IterationSpace[0, 0] }
{ lterationSpace[1, 0] }
{ lterationSpace[2, 0] }
{ IterationSpace[3, 0] }
{ lterationSpace[4, 0] }
{ lterationSpace[0, 1] }
{ lterationSpace[1, 1] }
{ IterationSpace[2, 1] }
{ lterationSpace[3, 1] }
{ lterationSpace[4, 1] }
{ IterationSpace[0, 2] }
{ lterationSpace[1, 2] }
{ lterationSpace[2, 2] }
{ lterationSpace[3, 2] }
{ IterationSpace[4, 2] }

4
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Coordinate Naming

{ lterationSpace[x,y] :0<=x<=4and0<=y<=2 } J { lterationSpace[q,s] :0<=g<=4and0<=s<=2 }J

{ lterationSpace[x, y] } { IterationSpace[q, s] }

2.001 @ ® ° Y ® 2001 @ ] ® ¢ ¢
1.75 1.75 1
1.50 1.50
1.25 1.25

> 1.00 1 @ ™ ° ¢ s »w 1.00 1 @ o s ¢ ¢
0.75 - 0.75 1
0.50 0.50
0.25 0.25

0.00{ & ° o ¢ ° 0.001 & ® ) ¢ ¢

0.0 0.5 1.0 15 20 25 3.0 35 4.0 0.0 0.5 1.0 15 20 25 3.0 35 4.0

X q

Spaces are the same!
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Maps — Relations Between Two Sets

unbounded_map = isl.Map(f'{{ bounded map
SetXY][x,y] ->
Domain SetXY _range[x1,y1] : {[SetXY[x =0,y = 0] -> SetXY_range[x1 =1, y1 =10]] }
x1=x+1 and {[SetXY[x =0,y = 1] -> SetXY_range[x1 =1, y1 = 11]] }
y1=y+10}}) {[SetXY[x =0,y = 2] -> SetXY_range[x1 =1, y1 =12]] }
{[SetXY[x =1,y =0]-> SetXY_range[x1 =2, y1 =10]] }
{[SetXY[x =1,y =1]-> SetXY_range[x1 =2, y1 =11]] }
{[SetXY[x =1,y = 2] -> SetXY_range[x1 =2, y1 =12]] }

Relation

{ [SetXY[x =2,y = 0] -> SetXY_range[x1 = 3, y1 =10]] }
{[SetXY[x =2,y = 1] -> SetXY_range[x1 = 3, y1 = 11]] }
{[SetXY[x =2,y = 2] -> SetXY _range[x1 =3, y1 =12]] }
bounded_map = unbounded_map. { [SetXY[x =3,y = 0] -> SetXY_range[x1 =4, y1 =10]] }
intersect_domain(set1) {[SetXY[x =3,y = 1] -> SetXY_range[x1 =4, y1 = 11]] }
{[SetXY[x =3,y = 2] -> SetXY_range[x1 =4, y1 =12]] }
{[SetXY[x =4,y = 0] -> SetXY_range[x1 =5, y1 =10]] }
{[SetXY[x =4,y = 1] -> SetXY_range[x1 =5, y1 = 11]] }

{[SetXY[x =4,y = 2] -> SetXY_range[x1 =5, y1 =

12]]}7
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Maps

L13-18

unbounded_map = isl.Map(f'{{
SetXY][x,y] ->

SetXY _range[x1,y1] :

x1=x+1 and
y1=y+10}})

bounded map = unbounded_map.
intersect_domain(set1)

March 18, 2026

12 A

10 1

{ SetXY[x, y] }

—))

i

— )
)

e

o
i
.

e
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Iteration Space — Projections to Data

Og = lg4s X I

Tensor: Ispace[3, Q]

Tensor: F|[S)
Rank: S

0 1 2

Rank: § 0

Given a point (s,q) in the iteration space,
what weight does it map to? S

March 18, 2026 v Sze and Emer



Weight Projection

L13-20

Og = lg4s X [ =

is2weight = isl.Map("{ IterationSpace]q,s] -> Weight[s] }")

{ [IterationSpace[q = 0, s = 0]
{ [IterationSpace[q = 0, s = 1]
{ [IterationSpace[q = 0, s = 2]
{ [IterationSpace[qg = 1, s = 0]
{ [IterationSpace[g =1, s = 1]
{ [lterationSpace[q =1, s = 2]
{ [IlterationSpace[q = 2, s = 0]
{ [IterationSpace[q = 2, s = 1]
{ [IterationSpace[q = 2, s = 2]
{ [IterationSpace[q = 3, s = 0]
{ [IlterationSpace[q = 3, s = 1]
{ [IterationSpace[q = 3, s = 2]
{ [IterationSpace[q = 4, s = 0]
{ [IterationSpace[q = 4, s = 1]
{ [lterationSpace[q = 4, s = 2]

-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }

March 18, 2026
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Weight Projection

Oq = lq +S X S ‘ is2weight = isl.Map("{ IterationSpace[q,s] -> Weight[s] }")
{ lterationSpace[q, s] } { Weight[i0] }
.00 A
N \Q\
175 - 0.04
1.50 A

1.25 -
» 1.00 - ‘////"————;::::::::::i::::——————;"_—_* | 0.00 - ‘——_—t:::::zzzzggggggis‘

/

0.75 - 4______—’::::::5
%
0.50 1 ///’_///
0.25
—0.04
0.00
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 0.00 025 050 075 100 125 150 175 2.00
q i0

Note: Many-to-one relationship
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Output Projection

L13-22

Og = lg4s X [ =

is2output = isl.Map("{ IterationSpace[q,s] -> Output[q] }")

{ [IterationSpace[q = 0, s = 0]
{ [IterationSpace[q = 0, s = 1]
{ [IlterationSpace[q = 0, s = 2]
{ [IterationSpace[qg = 1, s = 0]
{ [IterationSpace[g =1, s = 1]
{ [lterationSpace[q =1, s = 2]
{ [IlterationSpace[q = 2, s = 0]
{ [IterationSpace[q = 2, s = 1]
{ [IterationSpace[q = 2, s = 2]
{ [IlterationSpace[q = 3, s = 0]
{ [lterationSpace[q = 3, s = 1]
{ [IterationSpace[q = 3, s = 2]
{ [lterationSpace[q = 4, s = 0]
{ [lterationSpace[q = 4, s = 1]
{ [IterationSpace[q = 4, s = 2]

-> Qutput[0]] }
-> Output[0]] }
-> QOutput[0]] }
-> Qutput[1]] }
-> Qutput[1]] }
-> Qutput[1]] }
-> Output[2]] }
-> QOutput[2]] }
-> Qutput[2]] }
-> Output[3]] }
-> Output[3]] }
-> QOutput[3]] }
-> Qutput[4]] }
-> QOutput[4]] }
-> QOutput[4]] }

March 18, 2026
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Input Projection

Oq = Iq+s X S ‘ is2input = isl.Map("{ lterationSpace[q,s] -> Input[w] : w=q+s }")

{ [IterationSpace[q = 0, s = 0] -> Input[w = 0]] }
{ [lterationSpace[q = 0, s = 1] -> Input[w = 1]] }
{ [lterationSpace[q = 0, s = 2] -> Input[w = 2]] }
{ [IterationSpace[q = 1, s = 0] -> Input[w = 1]] }
{ [IterationSpace[q = 1, s = 1] -> Input[w = 2]] }
{ [lterationSpace[q = 1, s = 2] -> Input[w = 3]] }
{ [lterationSpace[q = 2, s = 0] -> Input[w = 2]] }
{ [IterationSpace[q = 2, s = 1] -> Input[w = 3]] }
{ [IterationSpace[q = 2, s = 2] -> Input[w = 4]] }
{ [lterationSpace[q = 3, s = 0] -> Input[w = 3]] }
{ [lterationSpace[q = 3, s = 1] -> Input[w = 4]] }
{ [IterationSpace[q = 3, s = 2] -> Input[w = 5]] }
{ [IterationSpace[q = 4, s = 0] -> Input[w = 4]] }
{ [lterationSpace[q = 4, s = 1] -> Input[w = 5]] }
{ [lterationSpace[q = 4, s = 2] -> Input[w = 6]] } 7
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Compute Projection

L13-24

Og = lg4s X g =

March 18, 2026

is2compute = isl.Map("{ lterationSpace|q,s] -> MACCJ[q,s] }")

{ [IterationSpace[q = 0,
{ [lterationSpace[q = 0,
{ [lterationSpace[q = 0,
{ [IterationSpace[q = 1,
{ [IterationSpace[q = 1,
{ [lterationSpace[q = 1,
{ [lterationSpace[q = 2,
{ [IterationSpace[q = 2,
{ [IterationSpace[q = 2,
{ [lterationSpace[q = 3,
{ [lterationSpace[q = 3,
{ [IterationSpace[q = 3,
{ [IterationSpace[q = 4,
{ [lterationSpace[q = 4,
{ [lterationSpace[q = 4,

s = 0] -> MACCIO0,
s = 1] -> MACCIO0,
s = 2] -> MACCIO0,
s = 0] -> MACC[1,
s = 1] -> MACC[1,
s = 2] -> MACC[1,
s = 0] -> MACC[2,
s = 1] -> MACC|2,
s = 2] -> MACC|2,
s = 0] -> MACCI[3,
s = 1] -> MACCI[3,
s = 2] -> MACC|3,
s = 0] -> MACC[4,
s = 1] -> MACC[4,
s = 2] -> MACC[4,

01 }
111}
2] }
01 }
111}
2] }
0] }
111}
2] }
O }
111}
2] }
01 }
111}
2]}
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Iteration Space Traversal

Tensor: Ispace[S, Q]

Rank: S Y

Tensor: F[S]

Tensor: o[Q]
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Iteration Space to Timestamp

L13-26

df is2ts unbounded = isl.Map(f{{ lterationSpace|q,s] -> Timestamp[t1,t0] : t1=q and t0=s }}) J

df is2ts = df is2ts_unbounded.intersect _domain(ispace)

March 18, 2026

{ [IterationSpace[q = 0, s = 0] -> Timestamp[t1 = 0, t0 = 0]] }
{ [lterationSpace[q = 0, s = 1] -> Timestamp[t1 = 0, t0 = 1]] }
{ [lterationSpace[q = 0, s = 2] -> Timestamp[t1 = 0, t0 = 2]] }
{ [IterationSpace[q = 1, s = 0] -> Timestamp[t1 =1, t0 = 0]] }
{ [IterationSpace[q = 1, s = 1] -> Timestamp[t1 =1, t0 = 1]] }
{ [lterationSpace[q = 1, s = 2] -> Timestamp[t1 = 1,10 = 2]] }
{ [lterationSpace[q = 2, s = 0] -> Timestamp[t1 = 2,10 = 0]] }
{ [IterationSpace[q = 2, s = 1] -> Timestamp[t1 = 2, t0 = 1]] }
{ [IterationSpace[q = 2, s = 2] -> Timestamp[t1 = 2, t0 = 2]] }
{ [lterationSpace[q = 3, s = 0] -> Timestamp[t1 = 3,10 = 0]] }
{ [lterationSpace[q = 3, s = 1] -> Timestamp[t1 = 3,10 = 1]] }
{ [IterationSpace[q = 3, s = 2] -> Timestamp[t1 = 3, t0 = 2]] }
{ [IterationSpace[q = 4, s = 0] -> Timestamp[t1 = 4, t0 = 0]] }
{ [lterationSpace[q = 4, s = 1] -> Timestamp[t1 = 4,10 = 1]] }
{ [lterationSpace[q = 4, s = 2] -> Timestamp[t1 = 4, t0 = 2]] }

Sze and Emer
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Iteration Space to Timestamp

df is2ts unbounded = isl.Map(f{{ IterationSpace[q,s] -> Timestamp[t1,t0] : t1=q and t0=s }})
df is2ts = df is2ts_unbounded.intersect_domain(ispace)

2.00 A
1.75 4
1.50 A
1.25 4
v 1.00 A
0.75 4
0.50 A
0.25 A

0.00 A1

March 18, 2026

{ IterationSpace[q, s] } { Timestampl[t1, to] }
S e
0.0 o . 2.0 ; . . s {//t . : . ,
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Timestamp to lteration Space

L13-28

March 18, 2026

df ts2is = df is2ts.reverse()

{ [Timestamp][t1 = 0, tO = 0] -> IterationSpace[q =0, s =0]] }
{ [Timestamp][t1 = 0, t0 = 1] -> IterationSpace[q =0, s = 1]] }
{ [Timestamp][t1 = 0, t0 = 2] -> IterationSpace[q =0, s = 2]] }
{ [Timestamp][t1 = 1, tO = 0] -> IterationSpace[q =1, s =0]] }
{ [Timestamp[t1 = 1, tO = 1] -> IterationSpace[q =1, s = 1]] }
{ [Timestamp][t1 = 1, t0 = 2] -> IterationSpace[q =1, s = 2]] }
{ [Timestamp][t1 = 2, t0 = 0] -> IterationSpace[q = 2, s = 0]] }
{ [Timestamp][t1 = 2, t0 = 1] -> IterationSpace[q = 2, s = 1]] }
{ [Timestamp][t1 = 2, t0 = 2] -> IterationSpace[q = 2, s = 2]] }
{ [Timestamp][t1 = 3, t0 = 0] -> IterationSpace[q = 3, s = 0]] }
{ [Timestamp][t1 = 3, t0 = 1] -> IterationSpace[q = 3, s = 1]] }
{ [Timestamp][t1 = 3, t0 = 2] -> IterationSpace[q = 3, s = 2]] }
{ [Timestamp][t1 = 4, t0 = 0] -> IterationSpace[q =4, s =0]] }
{ [Timestamp][t1 = 4, t0 = 1] -> lterationSpace[q = 4, s = 1]] }
{ [Timestamp][t1 = 4, t0 = 2] -> lterationSpace[q = 4, s = 2]] }
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Timestamp to lteration Space

df_ts2is = df_is2ts.reverse() J
{ Timestamp([t1, t0] } { IterationSpace[q, s] }
2.00 eK 2.00 /e »
1.75 - Q\\&\\/ &(J //g
. o T : —
1.25 1.25 1
2 1.00 - e\ \ a\ » 1.00 /p/p )
0.75 1 ‘\¥ \/ﬁ ///’
e —— e e
0.50 0.50 7
0.25 0.25 1
0.00 1 & R R R ] 0.001 p
0.0 .' 0 : 2.0 5 30N\G35 40 0.0 f

10 L 2.0 y/ 4.0
——

Sze and Emer
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Composing Maps

BLUEIX,
x1=x+1 and y1=y+1 }") { BLUE[x, y] }

2.00 1
1.75 A
red2green = isl.Map("{ RED[x,y] -> GREEN[x1,y1] :J 1.50 -
x1=x-1 and y1=y+1 }") g |
> 1.00 -
P — mal
blue2green = MZre'd.apply_range(redZM) J 0.50 -
N~ —— 25
0.00 A

o~ 1~ 2 3 Y s

X

blue2red = isl.Map("{ BLUE[x,y] -> RED[x1,y1] : J

Output:

blue2green = { BLUE[x, y = 0] -> GREEN[x1 = x, y1 =2] : 0 <= x <=5}

March 18, 2026 v Sze and Emer



Timestamp to Weight

Timestamp -> Weight IterationSpace -> Weight

L13-31

( A \ ,_l_‘

df ts2weight current = df_ts2is.apply_range(is2weight) J
\ J

Y
Timestamp -> IterationSpace

{ [Timestamp]t1
{ [Timestamp]t1
{ [Timestampt1

{ [Timestamp][t1 = 1,
{ [Timestamp][t1 = 1,
{ [Timestamp][t1 =1,

{ [Timestampt1
{ [Timestamp|t1
{ [Timestamp][t1
{ [Timestampt1
{ [Timestampl[t1 =
{ [Timestamp]t1
{ [Timestamp]t1
{ [Timestampt1
{ [Timestamplt1

= 0, t0 = 0] -> Weight[0]] }

0, t0 = 1] -> Weight[1]] }
0, t0 = 2] -> Weight[2]] }

t0 = 0] -> Weight[0]] }
t0 = 1] -> Weight[1]] }
t0 = 2] -> Weight[2]] }

2, 10 = 0] -> Weight[0]] }
2,10 = 1] -> Weight[1]] }

= 2, t0 = 2] -> Weight[2]] }

3, t0 = 0] -> Weight[0O]] }

4
4,
4,

3, t0 = 1] -> Weight[1]] }
3, t0 = 2] -> Weight[2]] }
t0 = 0] -> Weight[0]] }
t0 = 1] -> Weight[1]] }

t0 = 2] -> Weight[2]] } y

March 18, 2026 Illil-
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Timestamp to Input

Timestamp -> Input lterationSpace -> Input
[ . 1 ,_l_\ { [Timestamp[t1 = 0, tO = 0] -> Input[w = 0]] }
df ts2input = df_t32is.apply_range(is2input)J { [Timestampl[t1 = 0, t0 = 1] -> Input[w = 1]] }
\ Y J { [Timestamp[t1 = 0, t0 = 2] -> Input[w = 2]] }
Timestamp -> IterationSpace { [Timestamplt1 = 1, 10 = 0] -> Inputfw = 1]] }

{ [Timestamp[t1 =1, t0 = 1] -> Input[w = 2]] }
{ [Timestamp[t1 = 1, t0 = 2] -> Input[w = 3]] }
{ [Timestamp][t1 = 2, t0 = 0] -> Inputfw = 2]] }
{ [Timestamp[t1 = 2, t0 = 1] -> Input[w = 3]] }
{ [Timestamp[t1 = 2, t0 = 2] -> Input[w = 4]] }
{ [Timestamp]t1 , 10 = 0] -> Input[w = 3]] }
{ [Timestamp]t1 , 10 = 1] -> Input[w = 4]] }
{ [Timestamp][t1 , 10 = 2] -> Input[w = 5]] }
{ [Timestamp][t1 , 10 = 0] -> Input[w = 4]] }
{ [Timestamp]t1 , 10 = 1] -> Input[w = 5]] }
{ [Timestamp]t1 , 10 = 2] -> Input[w = 6]17

PpPhrbPpoowowobdDdD
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Timestamp to Output

Timestamp -> Output

lterationSpace -> Output

L13-33

——

df ts2output =ldf_tsZis.'apply_range(i320utput) J

Timestamp -> IterationSpace

March 18, 2026

{ [Timestamp][t1 =
{ [Timestamp][t1 =
{ [Timestamp][t1 =

{ [Timestamp[t1 =1,
{ [Timestamp[t1 =1,
{ [Timestamp][t1 =1,

{ [Timestamp][t1 =
{ [Timestamp][t1 =

{ [Timestamp|t
{ [Timestamp]t
{ [Timestamp]t
{ [Timestamp|t
{ [Timestamp|t
{ [Timestamp]t
{ [Timestamp]t

1
1

1
1
1
1
1

0, t0 = 0] -> Output[0]] }
0, t0 = 1] -> Output[0]] }
0, t0 = 2] -> Output[0]] }

t0 = 0] -> Output[1]]}
t0 = 1] -> Output[1]]}
t0 = 2] -> Output[1]]}

2, t0 = 0] -> Output[2]] }

PprhrPhproowowobdDdD

2,10 = 1] -> Output[2]] }
, 10 = 2] -> Output[2]] }
, 10 = 0] -> Output[3]] }
, 10 = 1] -> Output[3]] }
, 10 = 2] -> Output[3]] }
, 10 = 0] -> Output[4]] }
, 10 = 1] -> Output[4]] }
, 10 = 2] -> Output[4]] }

y
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Probing the Schedule

L13-34

March 18, 2026

print(‘last timestamp =', df_is2ts.range().lexmax())

last timestamp = { Timestamp[t1 = 4,10 = 2] }

print(isl.Set('{ Timestamp[1,2] }').apply(df ts2weight))

{ Weight[2] }

print(df_ts2weight.intersect_domain(isl.Set('{ Timestampl[1,2] }')))

{ Timestamp[t1 = 1, t0 = 2] -> Weight[2] }

Sze and Emer



L13-35

Calculating Data Movement

Create a map from a timestamp to the previous timestamp

Determine weight access In each timestep

Determine weight access in previous timestep

Find changes

Repeat for inputs and outputs
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Previous Timestamp

L13-36

March 18, 2026

TO_MAX = S # Ideally should get this from lexmax
timestamp_previous = isl.Map(f*{{ Timestamp[t1',t0'] -> Timestamp[t1,t0] :
t1'=t1 and t0'=t0+1 or t1'=t1+1 and t0'=0 and t0={T0_MAX}-1 }}")

2.00 A

1.75 A

1.50 A

1.25 A

2 1.00 A

0.75 1

0.50 A

0.25 A1

0.00 ~

{ Timestamp(t1, t0] }

& & & )

v v v \ 4
] ] e ®

v v v v \
¢ & ] e o
O.IO I 1.'5 2 10 2 .|S 3.I0 4.I0

t1
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March 18, 2026

Previous Timestamp Map

TO_MAX = S # Ideally should get this from lexmax
timestamp_previous = isl.Map(f*{{ Timestamp[t1',t0'] -> Timestamp[t1,t0] :
t1'=t1 and t0'=t0+1 or t1'=t1+1 and t0'=0 and t0={T0_MAX}-1 }}")

{ [Timestamp][t1 = 0, t0 = 1] -> Timestamp[t1'
{ [Timestamp][t1 = 0, t0 = 2] -> Timestamp[t1'
{ [Timestamp[t1 = 1, t0 = 0] -> Timestamp][t1' = 0, t0' = 2]] }
{ [Timestamp][t1 = 1, t0 = 1] -> Timestamp[t1'
{ [Timestamp][t1 = 1, tO = 2] -> Timestamp[t1'
{ [Timestamp][t1 = 2, t0 = 0] -> Timestamp|[t1' =1, t0' = 2]] }
{ [Timestamp][t1 = 2, t0 = 1] -> Timestamp[t1'
{ [Timestamp[t1 = 2, t0 = 2] -> Timestamp][t1' = 2, t0' = 1]] }
{ [Timestamp][t1 = 3, t0 = 0] -> Timestamp|[t1' = 2, t0' = 2]] }
{ [Timestamp][t1 = 3, t0 = 1] -> Timestamp[t1'
{ [Timestamp][t1 = 3, t0 = 2] -> Timestamp[t1'
{ [Timestamp][t1 = 4, t0 = 0] -> Timestamp[t1'
{ [Timestamp][t1 = 4, t0 = 1] -> Timestamp][t1' = 4, t0' = 0]] }
{ [Timestamp][t1 = 4, t0 = 2] -> Timestamp|[t1' = 4, t0' = 1]] }

0, t0' = 0] }
0,10'= 1]}

1,10'=0]] }
1,t0'=1]]}

2,10'= 0] }
3, 10' = 0]] }

3, t0' = 1]] }
3,10' = 2]] }

L13-37
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Weight Use in Previous Timestamp

df ts2weight previous = timestamp_previous.apply range(df ts2weight current) J

{ [Timestamp][t1 = 0, t0 = 0] -> Weight[0]] }

{ [Timestamp[t1 = 0, t0 = 1] -> Weight[0]] } { [Timestamp[t1 = 0, t0 = 1] -> Weight[1]] }
{ [Timestamp[t1 = 0, t0 = 2] -> Weight[1]] } { [Timestamp[t1 = 0, t0 = 2] -> Weight[2]] }
{ [Timestampl[t1 = 1, t0 = 0] -> Weight[2]] } { [Timestamp[t1 = 1, t0 = 0] -> Weight[0]] }
{ [Timestampl[t1 = 1, t0 = 1] -> Weight[0]] } { [Timestamp][t1 = 1, t0 = 1] -> Weigh{[1]] }
{ [Timestampl[t1 = 1, t0 = 2] -> Weight[1]] } { [Timestamp[t1 = 1, t0 = 2] -> Weight[2]] }
{ [Timestamp[t1 = 2, t0 = 0] -> Weight[2]] } { [Timestamp[t1 = 2, t0 = 0] -> Weight[0]] }
{ [Timestampl[t1 = 2, t0 = 1] -> Weight[0]] } { [Timestamp[t1 = 2, t0 = 1] -> Weight[1]] }
{ [Timestampl[t1 = 2, t0 = 2] -> Weight[1]] } { [Timestamp][t1 = 2, t0 = 2] -> Weight[2]] }
{ [Timestampl[t1 = 3, t0 = 0] -> Weight[2]] } { [Timestamp[t1 = 3 t0 = 0] -> Weight[0]] }
{ [Timestamp[t1 = 3, t0 = 1] -> Weight[0]] } { [Timestamp[t1 = 3, t0 = 1] -> Weight[1]] }
{ [Timestampl[t1 = 3, t0 = 2] -> Weight[1]] } { [Timestamp[t1 = 3, t0 = 2] -> Weight[2]] }
{ [Timestampl[t1 = 4, t0 = 0] -> Weight[2]] } { [Timestamp][t1 = 4, t0 = 0] -> Weight[0]] }
{ [Timestampl[t1 = 4, t0 = 1] -> Weight[0]] } { [Timestamp[t1 = 4, t0 = 1] -> Weight[1]] }
{ [Timestamp[t1 = 4, t0 = 2] -> Weight[1]] } (4 { [Timestamp[t1 = 4,

t0 = 2] -> Weight[2]] }7
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Timesteps Using a New Weight

L13-39

March 18, 2026

df ts2weight delta = df ts2weight_current.subtract(df ts2weight previous)

{ [Timestamp][t1 =
{ [Timestamp][t1 =
{ [Timestamp][t1 =

{ [Timestamp[t1 =1,
{ [Timestamp][t1 =1,
{ [Timestamp][t1 =1,

{ [Timestamp][t1 =
{ [Timestamp][t1 =
{ [Timestamp][t1 =
{ [Timestamp][t1 =

{ [Timestamp]t
{ [Timestamp[t
{ [Timestamp|t
{ [Timestamp]t
{ [Timestamp]t

1
1

1
1
1

0, 10 = 0]
0,10 = 1]
0,10 = 2]

t0 = 0]
{0 = 1]
t0 = 2]

2,10 = 0]
2,10 = 1]
2,t0=2]

PPArPrProOoo0w

3,10 = 0]
10 =1]
10 = 2]
,10 = 0]
10 = 1]
10 =2]

-> \Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> \Weight[2]] }
-> \Weight[O]] }
-> Weight[1]] }

-> Weight[2]] }7
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Input Use in Previous Timestamp

df ts2input_previous = timestamp_previous.apply_range(df ts2input_current)

{ [Timestamp[t1 = 0, t0 = 0] -> Input[w = 0]] }

{ [Timestampl[t1 = 0, t0 = 1] -> Input[w = 0]] } { [Timestampl[t1 = 0, t0 = 1] -> Input[w = 1]] }
{ [Timestamp[t1 = 0, t0 = 2] -> Input[w = 1]] } { [Timestamp[t1 = 0, t0 = 2] -> Input[w = 2]] }
{ [Timestamp[t1 = 1, t0 = 0] -> Input[w = 2]] } { [Timestampl[t1 = 1, t0 = 0] -> Input[w = 1]] }
{ [Timestamp[t1 = 1, t0 = 1] -> Input[w = 1]] } { [Timestampl[t1 = 1, t0 = 1] -> Input[w = 2]] }
{ [Timestampl[t1 =1, t0 = 2] -> Input[w = 2]] } { [Timestampl[t1 = 1, t0 = 2] -> Input[w = 3]] }
{ [Timestamp[t1 = 2, t0 = 0] -> Input[w = 3]] } { [Timestamp[t1 = 2, t0 = 0] -> Input[w = 2]] }
{ [Timestamp[t1 = 2, t0 = 1] -> Input[w = 2]] } { [Timestamp[t1 = 2, t0 = 1] -> Input[w = 3]] }
{ [Timestemp[t1 = 2, t0 = 2] -> Input[w = 3]] } { [Timestampl[t1 = 2, t0 = 2] -> Input[w = 4]] }
{ [Timestampl[t1 = 3, t0 = 0] -> Input[w = 4]] } { [Timestamp[t1 = 3 t0 = 0] -> Input[w = 3] }
{ [Timestampl[t1 = 3, t0 = 1] -> Input[w = 3]] } { [Timestampl[t1 = 3, t0 = 1] -> Input[w = 4]] }
{ [Timestamp[t1 = 3, t0 = 2] -> Input[w = 4]] } { [Timestampl[t1 = 3, t0 = 2] -> Input[w = 5]] }
{ [Timestamp[t1 = 4, t0 = 0] -> Input[w = 5]] } { [Timestampl[t1 = 4, t0 = 0] -> Input[w = 4]] }
{ [Timestamp[t1 = 4, t0 = 1] -> Input[w = 4]] } { [Timestamp][t1 = 4, t0 = 1] -> Input[w = 5]] }
{ [Timestamp[t1 = 4, t0 = 2] -> Input[w = 5]] } { [Timestamp[t1 = 4, t0 = 2] -> Input[w = 6]]7
{ [Timestamp[t1 = 5, t0 = 0] -> Input[w = 6
March 18, 2026 Previous — Current
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Timesteps Using a New Input

df ts2input_delta = df ts2input_current.subtract(df ts2input_previous)

{ [Timestamp[t1 = 0, tO = 0] -> Input[w = 0]] }
{ [Timestamp[t1 = 0, t0 = 1] -> Input[w = 1]] }
{ [Timestamp[t1 = 0, t0 = 2] -> Input[w = 2]] }
{ [Timestamp[t1 = 1, t0 = 0] -> Input[w = 1]] }
{ [Timestamp[t1 =1, t0 = 1] -> Input[w = 2]] }
{ [Timestamp[t1 = 1, t0 = 2] -> Input[w = 3]] }
{ [Timestamp[t1 = 2, t0 = 0] -> Input[w = 2]] }
{ [Timestamp[t1 = 2, t0 = 1] -> Input[w = 3]] }
{ [Timestamp][t1 = 2, t0 = 2] -> Input[w = 4]] }
{ [Timestamp[t1 = 3, t0 = 0] -> Input[w = 3]] }
{ [Timestamp[t1 = 3, t0 = 1] -> Input[w = 4]] }
{ [Timestamp[t1 = 3, t0 = 2] -> Input[w = 5]] }
{ [Timestamp][t1 , 10 =0] -> Input[w = 4]] }
{ [Timestamp]t1 , 10 = 1] -> Input[w = 5]] }
{ [Timestamp]t1 , 10 = 2] -> Input[w = 6]]7

PPArPrProOoo0w
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Output Use in Previous Timestamp

df ts2output_previous = timestamp_previous.apply_range(df ts2output current) J

{ [Timestamp][t1 = 0, t0 = 0] -> Output[0]] }

{ [Timestamp][t1 = 0, t0 = 1] -> Output[0]] } { [Timestamp[t1 = 0, t0 = 1] -> Output[0]] }
{ [Timestamp[t1 = 0, t0 = 2] -> Output[0]] } { [Timestamp[t1 = 0, t0 = 2] -> Output[0]] }
{ [Timestamp[t1 = 1, t0 = 0] -> Output[0]] } { [Timestamp[t1 = 1, t0 = 0] -> Output[1]] }
{ [Timestamp][t1 = 1, t0 = 1] -> Output[1]] } { [Timestamp[t1 =1, 10 = 1] -> Output[1]] }
{ [Timestamp][t1 = 1, t0 = 2] -> Output[1]] } { [Timestamp[t1 = 1, 10 = 2] -> Output[1]] }
{ [Timestamp[t1 = 2, t0 = 0] -> Output[1]] } { [Timestamp[t1 = 2, t0 = 0] -> Output[2]] }
{ [Timestamp[t1 = 2, t0 = 1] -> Output[2]] } { [Timestamp[t1 = 2, t0 = 1] -> Output[2]] }
{ [Timestamp[t1 = 2, t0 = 2] -> Output[2]] } { [Timestampl[t1 = 2, t0 = 2] -> Output[2]] }
{ [Timestamp][t1 = 3, t0 = 0] -> Output[2]] } { [Timestamp[t1 = 3 t0 = 0] -> Output[3]] }
{ [Timestamp[t1 = 3, t0 = 1] -> Output[3]] } { [Timestamp[t1 = 3, t0 = 1] -> Output[3]] }
{ [Timestamp[t1 = 3, t0 = 2] -> Output[3]] } { [Timestamp[t1 = 3, t0 = 2] -> Output[3]] }
{ [Timestamp[t1 = 4, t0 = 0] -> Output[3]] } { [Timestampl[t1 = 4, t0 = 0] -> Output[4]] }
{ [Timestamp][t1 = 4, t0 = 1] -> Output[4]] } { [Timestamp[t1 = 4, 10 = 1] -> Output[4]] }
{ [Timestampl[t1 = 4, t0 = 2] -> Output[4]] } ;" { [Timestamp[t1 = 4, t0 = 2] -> Output[4]] } 7
March 18, 2026 Previous — Current
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Timesteps Using a New Output

df ts2output_delta = df ts2output_current.subtract(df ts2output_previous)

{ [Timestamp[t1 = 0, tO = 0] -> Output[0]] }
{ [Timestamp[t1 = 1, t0 = 0] -> Output[1]] }
{ [Timestamp[t1 = 2, t0 = 0] -> Output[2]] }
{ [Timestamp[t1 = 3, t0 = 0] -> Output[3]] }
{ [Timestamp[t1 = 4, t0 = 0] -> Output[4]] }

March 18, 2026 v Sze and Emer



L13-44

L1 Buffering Recipe

Group sets of timestamp points into tiles

Create map of tiles to corresponding set of timestamp points

Create map of timesteps of previous tiles

Calculate deltas
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Tiling Timestamps

L13-45

March 18, 2026

timestamp2L1timestamp = isl.Map('{ Timestamp[t1,t0] -> L1Timestamp][t1] }')

{ [Timestamp[t1 = 0, tO = 0] -> L1Timestamp][0]] }
{ [Timestamp[t1 = 0, t0 = 1] -> L1Timestamp[0]] }
{ [Timestamp[t1 = 0, tO = 2] -> L1Timestamp][0]] }
{ [Timestamp[t1 = 1, t0 = 0] -> L1Timestamp][1]] }
{ [Timestamp[t1 = 1, t0 = 1] -> L1Timestamp][1]] }
{ [Timestamp[t1 = 1, t0 = 2] -> L1Timestamp][1]] }
{ [Timestamp][t1 = 2, t0 = 0] -> L1Timestamp[2]] }
{ [Timestamp[t1 = 2, t0 = 1] -> L1Timestamp][2]] }
{ [Timestamp[t1 = 2, t0 = 2] -> L1Timestamp[2]] }
{ [Timestamp][t1 = 3, t0 = 0] -> L1Timestamp[3]] }
{ [Timestamp][t1 = 3, t0 = 1] -> L1Timestamp[3]] }
{ [Timestamp[t1 = 3, t0 = 2] -> L1Timestampl3]] }
{ [Timestamp][t1 = 4, t0 = 0] -> L1Timestamp[4]] }
{ [Timestamp[t1 = 4, t0 = 1] -> L1Timestamp[4]] }

{ [Timestamp][t1 = 4, t0 = 2] -> L1Timestamp[4]] } 7

L1Timestamp =0

L1Timestamp = 1

L1Timestamp = 2

L1Timestamp = 3

L1Timestamp =4
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2.00

0.00

L13-46

Tiling Timestamps

timestamp2L 1timestamp = isl.Map('{ Timestamp][t1,t0] -> L1Timestamplt1] }')

Tlmestﬁmp\[tl t0] }

{ L1Timestampl[iO] }

@ \ / \ / \ /
0.02 -

L @ L1 Lo @ 0.00 - \ J

/ -0.02

/ -0.04
o o o o o
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0

t1 i0
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Tiling Timestamps

L13-47

March 18, 2026

L1timestamp2timestamp = timestamp2L1timestamp.reverse()

{ [L1Timestamp[0] -> Timestamp[t1 = 0, t0 = 0]] }
{ [L1Timestamp[0] -> Timestamp[t1 = 0, t0 = 1]] }
{ [L1Timestamp|[0] -> Timestamp[t1 = 0, t0 = 2]] }
{ [L1Timestamp[1] -> Timestamp[t1 = 1,10 = 0]] }
{ [L1Timestamp[1] -> Timestamp[t1 = 1,10 = 1]] }
{ [L1Timestamp[1] -> Timestamp[t1 = 1, 10 = 2]] }
{ [L1Timestamp[2] -> Timestamp[t1 = 2, 10 = 0]] }
{ [L1Timestamp[2] -> Timestamp[t1 = 2,10 = 1]] }
{ [L1Timestamp[2] -> Timestamp[t1 = 2, {0 = 2]] }
{ [L1Timestamp[3] -> Timestamp[t1 = 3, t0 = 0]] }
{ [L1Timestamp[3] -> Timestamp[t1 = 3,10 = 1]] }
{ [L1Timestampl3] -> Timestamp[t1 = 3, t0 = 2]] }
{ [L1Timestamp[4] -> Timestamp[t1 = 4,10 = 0]] }
{ [L1Timestamp[4] -> Timestamp[t1 = 4, t0 = 1]] }

{ [L1Timestamp[4] -> Timestamp[t1 = 4, t0 = 2]] } 7

L1Timestamp =0

L1Timestamp = 1

L1Timestamp = 2

L1Timestamp = 3

L1Timestamp =4
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Tiling Timestamps

L1timestamp2timestamp = timestamp2L 1timestamp.reverse()

0.04

0.02 -

0.00 A

—0.02 A

—0.04 -

March 18, 2026

{ L1Timestamp[iO] }

L13-48

/\ ~ { Timestapap[tl, t0] } ~ N\
2.00 £ & £ L £ )
1.7% 1
S
>
/ 135
2 1904 @ b tH (1 [
T T T T T T T T T 0.00 1\& \o/ \S/ ® e/
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0.'0 0j5 1'.'6 1.'5 25 2.'5 3.'0 3.'5 45
t1l

i0
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L13-49

Calculating Tile Data Movement

L1timestamp_ previous = isl.Map(f"{{ L1 Timestamp][t'] -> L1Timestamplt] : t'=t+1 }}")

{ L1Timestampl[iO] }
0.04
{ [L1Timestamp[1] -> L1Timestamp[0]] }
0.02 -
{ [L1Timestamp[2] -> L1Timestamp([1]] } 0.00 - KWY\
—=0.02 A
{ [L1Timestamp[3] -> L1Timestamp[2]] }
—0.04 A
{ [L1Timestamp[4] -> L1Timestamp[3]] }
O.IO 0:5 1.IO 1.I5 2.[0 215 3.I0 3.l5 4?0

i0
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L1 Weight Accesses

L13-50

March 18, 2026

df_L1ts2weight_current = L1timestampZ2timestamp.apply_range(df_ts2weight_current)

{ [L1Timestamp[0] -> Weight[O]] }
{ [L1Timestamp[0] -> Weight[1]] }
{ [L1Timestamp[0] -> Weight[2]] }
{ [L1Timestamp[1] -> Weight[O]] }
{ [L1Timestamp[1] -> Weight[1]] }
{ [L1Timestamp[1] -> Weight[2]] }
{ [L1Timestamp[2] -> Weight[0]] }
{ [L1Timestamp[2] -> Weight[1]] }
{ [L1Timestampl2] -> Weiahi[2]] }
{ [L1Timestamp[3] -> Weight[0]] }
{ [L1Timestamp[3] -> Weight[1]] }
{ [L1Timestampl3] -> Weighi[2]] }
{ [L1Timestamp[4] -> Weight[0]] }
{ [L1Timestamp[4] -> Weight[1]] }

{ [L1Timestamp[4] -> Weight[2]] V
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L1 Weight Accesses

L13-51

March 18, 2026

df L1ts2weight _current = L1timestamp2timestamp.apply range(df ts2weight current)
df L1ts2weight _previous = L1timestamp_previous.apply range(df L1ts2weight current)

{ [L1Timestamp[1] -> Weight[0]] }
{ [L1Timestamp[1] -> Weight[1]] }
{ [L1Timestamp[1] -> Weight[2]] }
{ [L1Timestamp[2] -> Weight[0]] }
{ [L1Timestamp[2] -> Weight[1]] }
{ [L1Timestamp|2] -> Weight[2]] }
{ [L1Timestamp[3] -> Weight[0]] }
{ [L1Timestamp[3] -> Weight[1]] }
{ [L1Timestamp|3] -> Weight[2]] }
{ [L1Timestamp[4] -> Weight[0]] }
{ [L1Timestamp[4] -> Weight[1]] }

{ [L1Timestamp[4] -> Weight[2]] y

Previous

{ [L1Timestamp[0] -> Weight[O]] }
{ [L1Timestamp[0] -> Weight[1]] }
{ [L1Timestamp[0] -> Weight[2]] }
{ [L1Timestamp[1] -> Weight[0]] }
{ [L1Timestamp[1] -> Weight[1]] }
{ [L1Timestamp[1] -> Weight[2]] }
{ [L1Timestamp[2] -> Weight[0]] }
{ [L1Timestamp[2] -> Weight[1]] }
{ [L1Timestamp|2] -> Weight[2]] }
{ [L1Timestamp[3] -> Weight[0]] }
{ [L1Timestamp[3] -> Weight[1]] }
{ [L1Timestamp|3] -> Weight[2]] }
{ [L1Timestamp[4] -> Weight[0]] }
{ [L1Timestamp[4] -> Weight[1]] }

{ [L1Timestamp[4] - Weighi{2]] }./

Current

Sze and Emer



L13-52

L1 Weight Deltas

df L1ts2weight delta = df L1ts2weight current.subtract(df L1ts2weight previous)

{ [L1Timestamp[0] -> Weight[0]] }
{ [L1Timestamp[0] -> Weight[1]] }
{ [L1Timestamp[0] -> Weight[2]] }

March 18, 2026 v Sze and Emer



L1 Input Accesses

L13-53

March 18, 2026

df L1ts2input_current = L1timestamp2timestamp.apply_range(df ts2input_current)
df L1ts2input_previous = L1timestamp_previous.apply range(df L1ts2input_current)

{ [L1Timestamp[1] -> Input[0]] }
{ [L1Timestamp[1] -> Input[1]] }
{ [L1Timestamp[1] -> Input[2]] }
{ [L1Timestamp[2] -> Input[1]] }
{ [L1Timestamp[2] -> Input[2]] }
{ [L1Timestampl2] -> Inputl31] }
{ [L1Timestamp[3] -> Input[2]] }
{ [L1Timestamp[3] -> Input[3]] }
{ [L1Timestamp[3] -> Input[4]] }
{ [L1Timestamp[4] -> Input[3]] }
{ [L1Timestamp[4] -> Input[4]] }

{ [L1Timestamp[4] -> Input[5]] } 7

Previous

{ [L1Timestamp|[0] -> Input[0]] }
{ [L1Timestamp[0] -> Input[1]] }
{ [L1Timestamp[0] -> Input[2]] }
{ [L1Timestamp[1] -> Input[1]] }
{ [L1Timestamp[1] -> Input[2]] }
{ [L1Timestamp[1] -> Input[3]] }
{ [L1Timestamp[2] -> Input[2]] }
{ [L1Timestamp(2] -> Input[3]] }
{ [L1Timestamp[2] -> Input[4]] }
{ [L1Timestamp[3] -> Input[3]] }
{ [L1Timestamp[3] -> Input[4]] }
{ [L1Timestamp[3] -> Input[5]] }
{ [L1Timestamp[4] -> Input[4]] }
{ [L1Timestamp[4] -> Input[5]] }

{ [L1Timestamp[4] -> Input[6]] } 7

Current

Sze and Emer



L13-54

L1 Input Deltas

df L1ts2input_delta = df L1ts2input current.subtract(df L1ts2input_previous)

{ [L1Timestamp[0] -> Input[0]] }
{ [L1Timestamp[0] -> Input[1]] }
{ [L1Timestamp[0] -> Input[2]] }

It's a sliding

{ [L1Timestamp[2] -> Input[4]] } window!

{ [L1Timestamp[4] -> Input[6]] }
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L1 Output Accesses

L13-55

df_L1ts2output_current = L1timestamp2timestamp.apply_range(df_ts2weight_current)
df L1ts2output previous = L1timestamp_previous.apply_range(df L1ts2output current)

March 18, 2026

{ [L1Timestamp[1] -> Output[0]] }

{ [L1Timestamp[2] -> Output[1]] }

{ [L1Timestamp[3] -> Output[2]] }

{ [L1Timestamp[4] -> Output[3]] }

4

Previous

{ [L1Timestamp[0] -> Output[0]] }

{ [L1Timestamp[1] -> Output[1]] }

{ [L1Timestamp[2] -> Output[2]] }

{ [L1Timestamp[3] -> Output[3]] }

{ [L1Timestamp[4] -> Output[4]] }

4

Current

Sze and Emer



L13-56

L1 Weight Deltas

df L1ts2output delta = df L1ts2output_current.subtract(df L1ts2output previous)

{ [L1Timestamp[0] -> Output[0]] }

{ [L1Timestamp[1] -> Output[1]] }

{ [L1Timestamp[2] -> Output[2]] }

{ [L1Timestamp[3] -> Output[3]] }

{ [L1Timestamp[4] -> Output[4]] }
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L13-57

Shrink Recipe

« Calculate data needed in next cycle

« Take difference from data needed in previous cycle

March 18, 2026 |I|il- Sze and Emer



L13-58

Tiling Timestamps

L1timestamp_next = L1timestamp_previous.reverse()

{ L1Timestampl[iO] }
{ [L1Timestamp[0] -> L1Timestamp([1]] }
0.04 A
{ [L1Timestamp[1] -> L1Timestamp|[2]] }
0.02 -
{ [L1Timestamp[2] -> L1Timestamp[3]] } 0.00 - W
—0.02 A
{ [L1Timestamp[3] -> L1Timestamp[4]] }
—0.04 A
7 O.IO O.IS 1.IO 1.l5 2.IO 2.'5 3.I0 3.l5 4.I0

i0
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L1 Weight Accesses (next)

L13-59

March 18, 2026

df L1ts2weight_current = L1timestamp2timestamp.apply_range(df ts2weight current)
df L1ts2weight next = L1timestamp_next.apply_range(df L1ts2weight_current)

{ [L1Timestamp[0]
{ [L1Timestamp[0]
{ [L1Timestamp[0]
{ [L1Timestamp[1]
{ [L1Timestamp[1]
{ [L1Timestamp[1]
{ [L1Timestamp[2]
{ [L1Timestamp[2]
{ [L1Timestampl2]
{ [L1Timestamp[3]
{ [L1Timestamp[3]
{ [L1Timestamp|3]
{ [L1Timestamp[4]
{ [L1Timestamp[4]
{ [L1Timestamp[4]

-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }

-> Weight[1]] }
> Weight[2]] },/

Current

{ [L1Timestamp[0]
{ [L1Timestamp[0]
{ [L1Timestamp[0]
{ [L1Timestamp[1]
{ [L1Timestamp[1]
{ [L1Timestamp[1]
{ [L1Timestamp[2]
{ [L1Timestamp[2]
{ [L1Timestamp[2]
{ [L1Timestamp[3]
{ [L1Timestamp[3]
{ [L1Timestamp[3]

-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[O]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }
-> Weight[0]] }
-> Weight[1]] }
-> Weight[2]] }

4

Next

Sze and Emer



L13-60

L1 Weight Shrinks

df L1ts2weight_shrink = df L1ts2weight current.subtract(df L1ts2weight next)

{ [L1Timestamp[4] -> Weight[O]] }
{ [L1Timestamp[4] -> Weight[1]] }
{ [L1Timestamp[4] -> Weight[2]] V
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L1 Input Accesses (Next)

L13-61

March 18, 2026

df L1ts2input_current = L1timestamp2timestamp.apply_range(df ts2input_current)
df L1ts2input _next = L1timestamp_next.apply_range(df L1ts2input_current)

{ [L1Timestamp[0] -> Input[0]] }
{ [L1Timestamp[0] -> Input[1]] }
{ [L1Timestamp[0] -> Input[2]] }
{ [L1Timestamp[1] -> Input[1]] }
{ [L1Timestamp[1] -> Input[2]] }
{ [L1Timestamp[1] -> Input[3]] }
{ [L1Timestamp[2] -> Input[2]] }
{ [L1Timestamp[2] -> Input[3]] }
{ [L1Timestamp|2] -> Input[4]] }
{ [L1Timestamp[3] -> Input[3]] }
{ [L1Timestamp[3] -> Input[4]] }
{ [L1Timestamp[3] -> Input[5]] }
{ [L1Timestamp[4] -> Input[4]] }
{ [L1Timestamp[4] -> Input[5]] }

{ [L1Timestamp[4] -> Input[6]] } 7

Current

{ [L1Timestamp[0] -> Input[1]] }
{ [L1Timestamp[0] -> Input[2]] }
{ [L1Timestamp[0] -> Input[3]] }
{ [L1Timestamp[1] -> Input[2]] }
{ [L1Timestamp[1] -> Input[3]] }
{ [L1Timestamp[1] -> Input[4]] }
{ [L1Timestamp[2] -> Input[3]] }
{ [L1Timestamp[2] -> Input[4]] }
{ [L1Timestamp[2] -> Input[5]] }
{ [L1Timestamp[3] -> Input[4]] }
{ [L1Timestamp[3] -> Input[5]] }
{ [L1Timestamp[3] -> Input[6]] }

Next

Sze and Emer



L13-62

L1 Input Shrink

df L1ts2input_shrink = df _L1ts2input_current.subtract(df L1ts2input_next)

{ [L1Timestamp[0] -> Input[0]] }
{ [L1Timestamp[1] -> Input[1]] }
{ [L1Timestamp[2] -> Input[2]] }
{ [L1Timestamp[3] -> Input[3]] }
{ [L1Timestamp[4] -> Input[4]] }

{ [L1Timestamp[4] -> Input[5]] }
{ [L1Timestamp[4] -> Input[6]] } 7
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L13-63

L1 Output Accesses (Next)

df_L1ts2output_current = L1timestamp2timestamp.apply_range(df_ts2weight_current)
df L1ts2output_next = L1timestamp_next.apply_range(df L1ts2output current)

{ [L1Timestamp[0] -> Output[0]] } { [L1Timestamp[0] -> Output[1]] }
{ [L1Timestamp[1] -> Output[1]] } { [L1Timestamp[1] -> Output[2]] }
{ [L1Timestamp[2] -> Output[2]] } { [L1Timestamp[2] -> Output[3]] }
{ [L1Timestamp[3] -> Output[3]] } { [L1Timestamp[3] -> Output[4]] }
{ [L1Timestamp([4] -> Output[4]] }
4 4
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L13-64

L1 Output Shrink

df L1ts2output_shrink = df L1ts2output_current.subtract(df L1ts2output next)

{ [L1Timestamp[0] -> Output[0]] }

{ [L1Timestamp[1] -> Output[1]] }

{ [L1Timestamp[2] -> Output[2]] }

{ [L1Timestamp[3] -> Output[3]] }

{ [L1Timestamp[4] -> Output[4]] }
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L13-65

OS -> WS

os_schedule = isl.Map(f{{ lterationSpace[q,s] -> Timestamp[t1,t0] : t1=q and t0=s }}’)

\ 4

ws_schedule = isl.Map(f{{ IterationSpace|q,s] -> Timestamp[t1,t0] : t1=s and t0=q }}’)
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L13-66

Thank you!
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