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Question: is this a legal schedule?

A = tvm.placeholder((M, N), name='A")

B = tvm.compute((M, N), lambda bi, bj : A[bi, bj] + 1, name='B")
C = tvm.compute((M, N), lambda ci, cj : B[ci, cj] * 3, name='C")
s = tvm.create_schedule(C.op)

# step 1

s[B].compute_at(s[C], s[C].op.axis[@])

# step 2
BL = s.cache read(B, "local", readers=[C])

print(tvm.lower(s, [A, B], simple _mode=True))




lllegal, but why?

A = tvm.placeholder((M, N), name='A")

B = tvm.compute((M, N), lambda bi, bj : A[bi, bj] + 1, name='B")

C = tvm.compute((M, N), lambda ci, cj : B[ci, cj] * 3, name='C") TVMError Check failed:

s = tvm.create_schedule(C.op) found_atta_Ch” Stage_attaCh-SiZ@’
== 0: Invalid Schedule, cannot fingd

# step 1 the producer compute(B,

s[B].compute_at(s[C], s[C].op.axis[@]) 0x2851e60) along the loop nest

% step 2 specified bycompute atof

BL = s.cache read(B, "local", readers=[C]) consumer compute.locaj
0x2b83b00)

print(tvm.lower(s, [A, B], simple _mode=True))




Show the ScheduleTree

A = tvm.placeholder((M, N), name='A")
B = tvm.compute((M, N), lambda bi, bj
C = tvm.compute((M, N), lambda ci, cj
s = tvm.create _schedule(C.op)

# step 1

s[B].compute at(s[C], s[C].op.axis[0])

: A[bi, bj] + 1, name='B")
: B[ci, cj] * 3, name='C")
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Violation of Legality

A = tvm.placeholder((M, N), name='A") =N
B = tvm.compute((M, N), lambda bi, bj : A[bi, bj] + 1, name='B") A ____< B BL c
C = tvm.compute((M, N), lambda ci, cj : B[ci, cj] * 3, name='C") A

wn
I

tvm.create schedule(C.op) M
# step 1

s[B].compute at(s[C], s[C].op.axis[0])

B.local
# step 2 3 -
BL = s.cache_read(B, "local", readers=[C]) : 5 T | =i
[(B.local(ci, cj)*3f)] [B(ax0, ax1)]

lllegal B
0 bi
1 bj
[(A(bi, bj) + 1f)]

Schedule Tree



A Possible Fix

A = tvm.placeholder((M, N), name='A") =N
B = tvm.compute((M, N), lambda bi, bj : A[bi, bj] + 1, name='B") A ____< B BL c
C = tvm.compute((M, N), lambda ci, cj : B[ci, cj] * 3, name='C") A
s = tvm.create _schedule(C.op)
ROOT
# step 1
s[B].compute at(s[C], s[C].op.axis[0])
A(B C
# step 2 0 ci
BL = s.cache_read(B, "local", readers=[C]) A ] o
# step 3 (The above schedule is illegal. This step makes it legal) . [(B-local(ci, ¢))*3D)]
s[BL].compute at(s[C], s[C].op.axis[@©]) Legal }
B B.local
0 bi 0 ax0
1 bj 1 axl
[(A(bi, bj) + 1f)] [B(ax0, ax1)]

Schedule Tree



Motivations

Describe schedule primitives and transformations in a more elaborate way
Provide guidance to new TE users

Help debugging tricky TE programs

Provide a framework to discubsigs (is this a bug or feature?)

Ensure conherent development of new features



Tensor Expression

The Operational Model

io, jo = s[C].op.axis
jlo, jli = s[C].split(je, 2)
s[C].reorder(jli, jlo)

A = tvm.placeholder((m,n))

B = tvm.compute((m, n), lambda i, j:
C = tvm.compute((m, n), lambda i, j:
s = tvm.create_schedule(C.op)
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The Document

An operational model of schedule primitives in Tensor Expression

W Development W RFC

YuanLin 1h

Hi there,

Yongfeng Gu ( @maplegu ) and | are working on an operational model of the schedule primitives in
Tensor Expression. This document aims to make it easier to understand

« the interactions between different schedule primitives,
« the impact of the schedule primitives on the final code generation.

The model is inspired by Chapter 7 of Jonathan Ragan-Kelley's PhD thesis and an early version of the
TVM paper.

The very initial draft (rev 0.1) is available here 1 . We welcome you all to comment on it, correct it,
answer open questions, or help improve it in any form you like.

The document is currently in Google doc. Please let us know if there is a better way to collaborate on
the working document.

We hope it can be included as part of the TVM Design and Developer Guide document when ready.

We will also give a lightning talk about this at the coming TVM conference. Come and ask us questions
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