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al0: n, al: a, a2: *x, a3: *y
[0] [3]

vsplat4 4t2, al 4t0
stripmine

viw4 410, a2 4t1

viw4 4tl, a3

vima4 4t3, 4t2, 4t0, 4t1 4t2

add a2, a2, 4<<?
add a3, a3, 4<<?2
sub a0, a0, 4
bgte a0, 4, stripmine

4t3

| vsw4 4t3, a3 i *
' handle  edge cases |

Packed-SIMD
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a0: n, al: a, a2: *x, a3: *y

i vsplat4 4t2, al i
| stripmine i
i viw4 410, a2 I
I viw4g 4t1, a3 i
| vima4 4t3, 4t2, 4t0, 4t1 i
| vsw4 4t3, a3 I
| add a2, a2, 4<<2 |
i add a3, a3, 4<<2 i
| sub a0, a0, 4 i
i bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]
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al0: n, al: a, a2: *x, a3: *y
[0] [3]

vsplat4 412, al 40
stripmine
viw4 4t0, a2 atl
viw4 4t1, a3
vima4 4t3, 4t2, 4t0, 4t1 412 a 2 a &

add a2, a2, 4<<?
add a3, a3, 4<<?2
sub a0, a0, 4
bgte a0, 4, stripmine

4t3

vsw4 4t3, a3 i *
handle  edge cases i

Packed-SIMD



: y I"#1&E&.47/"&

al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al i
stripmine i
viw4 4t0, a2 I
viw4 4t1, a3 i
vima4 4t3, 4t2, 4t0, 4t1 |
vsw4 4t3, a3 I
add a2, a2, 4<<2 i
add a3, a3, 4<<2 i
sub a0, a0, 4 ;
bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]

X[0] X[1] X[2] X[3]
a a a a
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: y I"#1&F&.47/"&

al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al i
stripmine i
viw4 4t0, a2 I
viw4 4t1, a3 i
vima4 4t3, 4t2, 4t0, 4t1 |
vsw4 4t3, a3 I
add a2, a2, 4<<2 i
add a3, a3, 4<<2 i
sub a0, a0, 4 ;
bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]

X[0] X[1] X[2] X[3]
y[0] y[1] y[2] y[3]
a a a a

12
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al0: n, al: a, a2: *x, a3: *y
[0] [3]

vsplat4 4t2, al 40 | x[0] x[1] x[2] x[3]
stripmine

viw4 4t0, a2 4l | y[O0] y[1] y[2] y[3]

viw4 4t1, a3

vima4d 4t3, 4t2, 410, 4t1 4t2 a a a a

add a2, a2, 4<<?
add a3, a3, 4<<?2
sub a0, a0, 4
bgte a0, 4, stripmine

43 | res[0] res[1] res[2] res[3]

vsw4 4t3, a3 i *
handle  edge cases i

Packed-SIMD
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al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al i
stripmine i
viw4 4t0, a2 I
viw4 4t1, a3 i
vima4 4t3, 4t2, 4t0, 4t1 |
vsw4 4t3, a3 I
add a2, a2, 4<<2 i
add a3, a3, 4<<2 i
sub a0, a0, 4 ;
bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]

X[0] X[1] X[2] X[3]
y[O] y[1] y[2] y[3]
a a a a
res[O] res[1] res[2] res[3]

14



: A *07(4D40/&A11(4%%&6"50/4 (Y&

al0: n, al: a, a2: *x, a3: *y

i vsplat4 4t2, al i
| stripmine i
i viw4 410, a2 I
I viw4g 4t1, a3 i
| vima4 4t3, 4t2, 4t0, 4t1 i
| vsw4 4t3, a3 I
| add a2, a2, 4<<2 |
i add a3, a3, 4<<2 i
| sub a0, a0, 4 i
i bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]

X[0] X[1] X[2] X[3]
y[O] y[1] y[2] y[3]
a a a a
res[O] res[1] res[2] res[3]

15
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al0: n, al: a, a2: *x, a3: *y
[0] [3]

vsplat4 4t2, al 40 | x[0] x[1] x[2] x[3]
stripmine

viw4 4t0, a2 4l | y[O0] y[1] y[2] y[3]

viw4 4t1, a3

vima4 4t3, 4t2, 4t0, 4t1 412 a a a a

add a2, a2, 4<<?

add a3, a3, 4<<?2

sub a0, a0, 4

bgte a0, 4, stripmine

43 | res[0] res[1] res[2] res[3]

vsw4 4t3, a3 i *
handle  edge cases i

Packed-SIMD
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al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al i
stripmine i
viw4 4t0, a2 I
viw4 4t1, a3 i
vima4 4t3, 4t2, 4t0, 4t1 |
vsw4 4t3, a3 I
add a2, a2, 4<<2 i
add a3, a3, 4<<2 i
sub a0, a0, 4 ;
bgte a0, 4, stripmine i

handle edge cases

Packed-SIMD

4t0

4t1

4t2

4t3

[0]

[3]

X[0] X[1] X[2] X[3]
y[O] y[1] y[2] y[3]
a a a a
res[O] res[1] res[2] res[3]

17
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RISC

a0: n, al: a, a2: *x, a3: *y al: n, al: a, a2: *x, a3: *y

vsplat 4 4t2,al vsplat 8 8t2,al

stripmine stripmine

viw 4 4t0, a2 viw 8 810, a2

viw 4 4tl, a3 viw 8 8tl, a3

vima 4 4t3, 4t2, 4t0, 4tl vima 8 8t3, 8t2, 8t0, 8tl

add a2, a2, A<<2?

add a3, a3, A<<2?
sub a0, a0, 4

bgte a0, 4, stripmine

addi a2, a2, 8<<?

addi a3, a3, 8<<2
sub a0, a0, 8

bgte a0, 8, stripmine

handle edge cases handle even more edge cases

vsw 4 413, a3 | vsws  8t3, a3

Packed-SIMD New and Improved Packed-SIMD

18
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al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al i
stripmine i
viw4 4t0, a2 I
viw4 4t1, a3 i
vima4 4t3, 4t2, 410, 4t1 |
vsw4 4t3, a3 I
add a2, a2, 4<<2 i
add a3, a3, 4<<2 i
sub a0, a0, 4 ;
bgte a0, 4, stripmine i

handle edge cases .

Packed-SIMD

stripmine
vsetvl 10, a0
viw vO, a2
viw vl1, a3
vima v1, al, vO, vl
vsw vl, a3
slli t1, t0, 2
add a2, a2, t1
add a3, a3, t1

sub a0, a0, t0

bnez a0, stripmine

Traditional Vectors

19



al0: n, al: a, a2: *x, a3: *y

i vsplat4 4t2, al

| stripmine

i viw4 410, a2

I viw4 4t1, a3

| vfmad 4t3, 4t2, 4t0, 4tl
| vsw4 4t3, a3

i add a2, a2, 4<<2

E add a3, a3, 4<<?2

| sub a0, a0, 4
i bgte a0, 4, stripmine
' handle  edge cases

Packed-SIMD

+4/&.47/"(&140C/G&)4C5%/4&
D50@JJR$40CERH(LN#(ARS$40CKS

————————————————————————————————————

al0: n, al: a, a2: *x, a3: *y

stripmine

vsetvl 10, a0

viw vO, a2

viw vl1, a3

vima v1, al, vO, vl
vsw vl, a3

sl t1, 0,2
add a2, a2, t1

add a3, a3, t1

sub a0, a0, tO

bnez a0, stripmine

20
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a0: n, al: a, a2: *x, a3: *y al: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al | I stripmine :
stripmine i vsetvl 10,a0
viw4 410, a2 11 viw vO0, a2
viw4 4t1, a3 i1 viw vl a3
vfma4 4t3, 4t2, 410, 4t1 i1 vfma vi1, a1, vO, v1
vsw4 4t3, a3 1 vswvl, a3
add a2, a2, 4<<2 Lo sl 1,10, 2
add a3, a3, 4<<2 1 add a2, a2, t1
sub a0, a0, 4 i1 add a3, a3, tl
bgte a0, 4, stripmine ' 1 sub a0, a0, t0
. I bnezaO, stripmine
handle  edge cases | e -
! Traditional Vectors
Packed-SIMD

21



al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al

stripmine

viw4 4t0, a2
viw4 4tl, a3
vima4 4t3, 412, 410, 4t1
vsw4 4t3, a3
add a2, a2, 4<<2
add a3, a3, 4<<?2
sub a0, a0, 4
bgte a0, 4, stripmine
handle edge cases

Packed-SIMD

AT71"(&9<$>I$K-A11&,"DI</48&
Q:47/"(&H#018&% THSH(&"IA(H01% T’

——————————————————————————————————————————

stripmine

vsetvl 10, a0

viw vO, a2

viw vl1, a3

vfma v1, al, vO, vl
vsw vl, a3

sl t1, t0, 2

add a2, a2, t1

add a3, a3, t1

sub a0, a0, t0

bnez a0, stripmine

22
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al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al | I stripmine
stripmine i vsetvl 10,a0
viw4 410, a2 1 viw vO0, a2
viw4 4t1, a3 ‘1 viw vl a3
vfma4 4t3, 4t2, 410, 4t1 i1 vfma vi1, a1, vO, v1
vsw4 4t3, a3 i1 vswvl, a3
add a2, a2, 4<<2 Lo sl 1,10, 2
add a3, a3, 4<<2 1 add a2, a2, t1
sub a0, a0, 4 i1 add a3, a3, tl
bgte a0, 4, stripmine ' 1 sub a0, a0, t0
. I bnezaO, stripmine
handle  edge cases | e -
! Traditional Vectors
Packed-SIMD

23
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al0: n, al: a, a2: *x, a3: *y

bnez a0, stripmine

handle edge cases WS
| Traditional Vectors

Packed-SIMD

vsplat4 4t2, al | I stripmine
stripmine i vsetvl 10,a0
viw4 410, a2 L1 viw v0, a2
viw4 4t1, a3 ‘1 viw vl a3
vfma4 4t3, 4t2, 410, 4t1 i1 vfma vi1, a1, vO, v1
vsw4 4t3, a3 i1 vswvl, a3
add a2, a2, 4<<2 i1 sl tl,t0, 2
add a3, a3, 4<<2 i1 add a2, a2, t1
sub a0, a0, 4 i1 add a3, a3, tl
bgte a0, 4, stripmine i i sub a0, a0, t0

24



al0: n, al: a, a2: *x, a3: *y

vsplat4 4t2, al
stripmine
viw4 4t0, a2
viw4 4t1, a3
vima4 4t3, 412, 410, 4tl
vsw4 413, a3
add a2, a2, 4<<2
add a3, a3, 4<<2
sub a0, a0, 4
bgte a0, 4, stripmine
handle edge cases

Packed-SIMD

+/(5JD50&I"" B

stripmine

Q0"/45&0"&41C4&7#%4%UT&

vsetvl 10, a0

viw vO, a2

viw vl1, a3

vima v1, al, vO, vl
vsw vl, a3

slli t1, t0, 2

add a2, a2, t1

add a3, a3, t1

sub a0, a0, t0

bnez a0, stripmine

Traditional Vectors

25
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RISC
e |11#955$(&*"+0#&109660!
| Kernel (int n, float a, i $%&laZ . F60%! &
ey T 119+08105,13(,31$%N&9!
- vilE] = EnEliel) i 93,":0(,"1$VOT"%UR6#35¢
B - *"10&"%&,"6&,"&N0,&

601P"1*9%(0&

| Kernel <<<(n+31)/32*32>>>
o (na xy);

SPMD
Programming Model

26



N4 23)$575/8=G(4#1&02$4DA0/T&*140>V

Kernel (int n, float a,

float *x, float *y){
if (tid <n){
y[ td J=a*[ tid J+y[ tid ];

)

}
Kernel <<<(n+31)/32*32>>>
(n, a, X, y);

SPMD
Programming Model

27
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Kernel (int n, float a,

float *x, float *y){
if (tid <n) {
y[tid] = a*x[tid]+y][tid];

)

}
Kernel <<<(n+31)/32*32>>>
(n, a, x,y),

SPMD
Programming Model

28
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uToO uTl uT2 uT3

al a a a a

mv tO, tid

t1

bge t0, a0, skip

sl 10, t0, 2
t2

add a3, a3, t0

lw t1, 0(a2)

lw t2, 0(a3)

fma.s tO, al, t1, t2
sw t0, 0(a3)

g
g
9
g

t0

skip:

stop

—————————————————————————————————————

3 i
i add a2, a2, to i



: A G4 78&5'&# >4

T ]
i mv 0, tid i
: bge t0, a0, skip i
i sl t0,t0, 2 ;
i add a2, a2, t0 I
| add a3, a3, t0 i
L lw t1, 0(a2) i
L lw t2, 0(a3) i
: fma.s t0, al, t1, t2 !
| swt0, 0(a3) i
' skip: i
i stop i

al

t1

t2

t0

uTo

uTl

utT2 uT3

“léli‘

“léli‘

"lél’
“léli‘

30
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uTo uTl uT2 uT3

al a a a a

r 1
. mv 10, tid |
' bge t0, a0, skip i
i sli 10,10, 2 ;
i add a2, a2, 10 i

] x[o] x[1] x[2] x[3]

t2

add a3, a3, t0
lw t1, 0(a2)
lw t2, 0(a3)
fma.s tO, al, t1, t2
sw t0, O(a3)
skip:
stop

—————————————————————————————————————

t0

31
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RISC

G

i a0: n,al: a i uTo uT1 uT2 uT3
i az2: *x, a3: *y i a1 ~ - - -
' mv 1o, tid i

| bge 10, a0, skip R X[1] x2] X3]
sl 10,10, 2 :

| add a2, a2, t0 R0 il 2 3]
i add a3, a3, t0 i * * * *
tlw t1, 0(a2) i

i lw t2, 0(a3) i

i fma.s t0, al, t1, t2 !

' swt0, 0(a3) i

| skip: ©

i stop i

—————————————————————————————————————

32



3 I
. mv 10, tid |
| bge t0, a0, skip i
| slli 10,10, 2 i
| add a2,a2,t0 i
| add a3, a3, t0 i
L lw t1, 0(a2) |
L Iw t2, 0(a3) |
i fma.s t0, al, t1, t2 !
| swit0, 0(a3) i
'\ skip: i
| stop i

al

tl

t2

t0

"DJ</4&2$4DA0/&)4%<$/ Y&

uTo uTl uT2 uT3
a a a a

X[0] X[1] X[2] X[3]

y[0] y[1] y[2] y[3]

res[O]

res[1]

res[2]

res[3]

33



] :
i mv 10, tid i
' bge t0, a0, skip i
i sl t0,t0, 2 ;
add a2, a2, 10 I
| add a3, a3, t0 i
L lw t1, 0(a2) i
L lw t2,0(a3) i
: fma.s t0, al, t1, t2 !
I swt0, 0(a3) i
' skip: i
i stop i

al

tl

t2

t0

+/"(48)4%<$/8&2$4DA0/Y&

uTo uTl uT2 uT3
a a a a

X[0] X[1] X[2] X[3]

y[0] y[1] y[2] y[3]

res[O]

res[1]

res[2]

res[3]

34
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al0: n,al: a, a2: *x, a3: *y

mv t0, tid
bge t0, a0, skip
slli  tO, t0, 2
add a2, a2, t0
add a3, a3, t0
lw t1, 0(a2)
lw t2, 0(a3)
fma.s t0, a0, t1, t2
sw t0, 0(a3)

skip:
stop

al0: n, al: a, a2: *x, a3: *y

stripmine

vsetvl 10, a0
viw vr0, a2
viw vrl, a3
vima vrl, al, vrO, vrl
vsw vrl, a3
slli t1, t0, 2
add a2, a2, t1
add a3, a3, t1

sub a0, a0, t0
bnez a0, stripmine

Traditional Vectors
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al0: n,al: a, a2: *x, a3: *y

mv tO0, tid
bge t0, a0, skip
slli  tO, t0, 2
add a2, a2, t0
add a3, a3, t0
lw t1, 0(a2)
lw t2, 0(a3)
fma.s t0, a0, t1, t2
sw t0, 0(a3)

skip:

stop

al0: n, al: a, a2: *x, a3: *y

stripmine

vsetvl 10, a0
viw vr0, a2
viw vrl, a3
vfma vrl, al, vrO, vrl
vsw vrl, a3
slli t1, t0, 2
add a2, a2, t1
add a3, a3, t1

sub a0, a0, t0
bnez a0, stripmine

Traditional Vectors

36



: 4 16?7W+H+*9=&(4I357#/4%&% T#I#(&"I4(#0]

al0: n,al: a, a2: *x, a3: *y

mv t0, tid
bge t0, a0, skip
slli  tO, t0, 2
add a2, a2, t0
add a3, a3, t0
lw t1, 0(a2)
lw t2, 0(a3)
fma.s t0, a0, t1, t2
sw t0, 0(a3)

skip:
stop

al0: n, al: a, a2: *x, a3: *y

stripmine

vsetvl 10, a0
viw vr0, a2
viw vrl, a3
vfma vrl, al, vrO, vrl
vsw vrl, a3
slli t1, t0, 2
add a2, a2, t1
add a3, a3, t1

sub a0, a0, t0
bnez a0, stripmine

Traditional Vectors

37



2/ 16?W+*9=&(41<01#0/&#11(4%%&
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| mv tO, tid | I stripmine i
i bge t0, a0, skip 1 vsetvl 10, a0 i
i slli 10,10, 2 i1 vlw vr0, a2 :
| add a2, a2, t0 i1 viw vrl, a3 i
i add a3, a3, t0 i1 vfma vrl, al, vrO, vrl i
i lw t1, 0(a2) {1 vswvrl, a3 )
| lw t2, 0(a3) L sl t1, 10,2 i
. fmas 10, a0, t1, t2 1 add a2, a2, t1 i
i swt0, 0(a3) i1 add a3, a3, tl i
. SKip: "1 sub a0, a0, t0 :
| stop I bnezaO, stripmine i

SIMT Traditional Vectors
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vvO[1]

vvO[0]

vvl[0]

vvO[1]

vvO([2]

vvl[1]

vv2[0]

vvO[3]

vv2[1]

vvl[O]

vvl[1l]

vv3[0]

vv3[1]

vvl[2]

vvl[3]
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LR = nmg n gy - mg
" 1s# " 1s# n1$# " 1$#
g I"# 1" 1044 " 19# I 10o6#
# 1$# n1&# n &4 - 1&#
ng 1"# g I"# g I"# nrg
g 1$# 4 1$# 4 1$# 4 1$# g 1"
1106 I"# #1064 1#  106# g 1&# | # 100#
1% I$# g 1&# N# 1&# g I'#
\_ AV, _J
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RISC-V = re=emmmecmemmmcecccceccee e e
i vsetcfg #64, #32, #16, #8! -
P!
E stripmine !
vsetvl t0, a0!
# E!
# Code for loop body !
# E!
sub a0, a0, t0'!
bnez a0, stripmine !

vuncfg # Turn  off vector wunit !

————————————————————————————————————————————————————————

1 ICOP"108#"'6&%05,-&:0(,"1&(" %QN310&$%5 13(T"Y
063*/01&10n3$10+&"P&09()&0$+,)&"P&10N$5,01&
11.p01&#"68%03%& % QN 3 BS59/#05&:0(,"1&3%$,&9
0:"$+&59:0R105,"10&9,8("%,0K,&5096-&6",0% T O##

+"0%&
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