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 Looking Back

Cathode ray
tube screen

Display point
(bright dot)

Shutter
Shutter
button

Field of view

Lens
Transistor

preamplifier

Photodiode
Rotate barrel for smaller
field of view to move
diode back  from lens

Power dc coupled/
signal ac coupled wire

Connector
Coaxial cable

Split shell for
removal of pen cap

Ivan Sutherland is shown working with Sketchpad. The lightpen, 
shown below, and the keyboard function control are the precur -
sors for the mouse and right and left mouse-clicks prevalent today.

The Sketchpad system was the first 
graphical computer interface. It made 
it possible for a man and a computer to 
converse rapidly through the medium 
of line drawings. Heretofore, most 
interaction between man and comput-
ers had been slowed down by the need 
to reduce all communication to written 
statements that could be typed; in the 
past, we had been writing letters to, 
rather than conferring with, our com-
puters. For many types of communica-
tion, such as describing the shape of a 
mechanical part or the connections of 
an electrical circuit, typed statements 
can prove cumbersome. The Sketch-
pad system, by eliminating typed 
statements in favor of line drawings, 
opened up a new area of man-machine 
communication. The currently used 
graphical user interface, or GUI, was 
based on Sketchpad.

Sketchpad

a master’s degree from Caltech, my 
engineering skill had never before 
been taken seriously; the memory 
remains vivid. Part of education is 
learning to take one’s place in pro-
fessional life. 

Although enormous both in 
physical size and in capacity for its 
day, TX-2 operated like a personal 
computer. Users sat at the console 
and debugged code or did experi-

I think the bug was that the reset 
worked from the keyboard but not 
when one typed from paper tape. 
I went to my boss of the time, Jack 
Mitchell, and reported the bug. I 
was surprised to hear him ask me to 
propose a fix. I was even more sur-
prised when my proposed fix, which 
involved half a dozen additional 
relays, was adopted and built into 
all Lincoln writers. Although I had 

case and one for lower case. There 
were about a dozen Lincoln writers 
in the Laboratory, each built into a 
small table with casters. The bug, 
as I recall it, had to do with a par-
ticular problem with changing case. 
On the tape a “change to uppercase” 
mark served to herald each string of 
uppercase characters, and a “change 
to lowercase” mark served to herald 
each string of lowercase characters. 

! !HFIG5`&L9(B0+?'>XZ&
! !HFbG5`&@0(,"15&
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Fig. 5. Block diagram of registers. 
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Freon refrigerant is passed through a stainless steel 
tube within the aluminum casing. When modules are 
in place, heat is dissipated through the inner copper 
heat transfer plate in the module to the column walls 
and thence into the cooling bars. The modules are 
mated with the cold bar by using stainless steel pins to 
pinch the copper plate against the aluminum outer 
casing of the bar. 

To assure component reliability, the cooling system 

66 

was designed to provide a maximum case temperature 
of 130¡F (54¡C). To meet this goal, the following 
temperature differentials are observed: 

T e m p e r a t u r e  at center  of  modu le  
T e m p e r a t u r e  at edge of  modu le  
Cold  p la te  t e m p e r a t u r e  at wedge 
Cold  bar  t e m p e r a t u r e  
Ref r ige ran t  tube t e m p e r a t u r e  

130¡F (54¡C) 
l18¡F (48¡C) 
78¡F (25¡C) 
70¡F (21¡C) 
70¡F (21¡C) 

Communications January 1978 
of Volume 21 
the ACM Number 1 
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for (i=0; i<n; i++) { 
  y[i] = a*x[i] + y[i]; 
} 

Autovectorization 
Programming Model 

SAXPY 
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a a a a

FMA ...

[0] [3]

4t0

4t1

4t2

4t3

10 



I"#1&E&.47/"(&

Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

a a a a

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
  
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

res[0] res[1] res[2] res[3]

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

res[0] res[1] res[2] res[3]

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

res[0] res[1] res[2] res[3]

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

res[0] res[1] res[2] res[3]

FMA ...

[0] [3]

4t0

4t1

4t2

4t3

16 
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Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

x[0] x[1] x[2] x[3]

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

a a a a

res[0] res[1] res[2] res[3]

FMA ...

[0] [3]

4t0

4t1

4t2

4t3
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat 8 8t2, a1 
stripmine : 
  vlw 8 8t0, a2 
  vlw 8 8t1, a3 
  vfma 8 8t3, 8t2, 8t0, 8t1 
  vsw8 8t3, a3 
  addi  a2, a2, 8<<2 
  addi  a3, a3, 8<<2 
  sub a0, a0, 8 
  bgte  a0, 8, stripmine  
  . . . 
  handle even more  edge  cases  

Packed-SIMD New and Improved Packed-SIMD 

a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat 4 4t2, a1 
stripmine : 
  vlw 4 4t0, a2 
  vlw 4 4t1, a3 
  vfma 4 4t3, 4t2, 4t0, 4t1 
  vsw 4 4t3, a3 
  add  a2, a2, 4<<2 
  add  a3, a3, 4<<2 
  sub a0, a0, 4 
  bgte  a0, 4, stripmine  
  . . . 
  handle edge  cases  

18 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 

19 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0 , 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 

20 
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a0: n, a1: a, a2: *x, a3: *y 
   
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 

21 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1  
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1 
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 
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a0: n, a1: a, a2: *x, a3: *y 
 
  vsplat4 4t2, a1  
stripmine : 
  vlw4 4t0, a2 
  vlw4 4t1, a3 
  vfma4 4t3, 4t2, 4t0, 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  

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  v0, a2 
  vlw  v1, a3 
  vfma  v1, a1, v0, v1 
  vsw v1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

Packed-SIMD 

Traditional Vectors 
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+69:&6("C(#DD50C&9"14$&

! !!#955$(&*"+0#&109660915&
$%&!aZ.R260%!7&

! !'9*0&105,13(,31$%N&95&
93,":0(,"1$V9T"%-&6#35&
*"10&"%&,"6&,"&N0,&
601P"1*9%(0&

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 
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23J$575/&=G(4#1&Q2$4D40/T&*140>V4(&

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 
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23J$575/&,G478&5'&=G(4#1&A7>;4&

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 
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!6?W+*9=&A(7G5/47/<(4&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

FMA

uT0

a1

t1

t2

t0

a

FMA

uT1

a

FMA

uT2

a

FMA

uT3
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,G478&5'&#7>;4&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

FMA

uT0

a1

t1

t2

t0

a

FMA

uT1

a

FMA

uT2

a

FMA

uT3
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,#$7<$#/4&#11(4%%&#01&$"#1&E&4$4D40/%&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

x[0]

FMA

uT0

a1

t1

t2

t0

a

x[1]

FMA

uT1

a

x[2]

FMA

uT2

a

x[3]

FMA

uT3
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A11(4%%&7#$7&#01&$"#1&F&4$4D40/%&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

x[0]

y[0]

FMA

uT0

a1

t1

t2

t0

a

x[1]

y[1]

FMA

uT1

a

x[2]

y[2]

FMA

uT2

a

x[3]

y[3]

FMA

uT3

32 



,"DJ</4&2$4D40/&)4%<$/%&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

x[0]

y[0]

res[0]

FMA

uT0

a1

t1

t2

t0

a

x[1]

y[1]

res[1]

FMA

uT1

a

x[2]

y[2]

res[2]

FMA

uT2

a

x[3]

y[3]

res[3]

FMA

uT3
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+/"(4&)4%<$/&2$4D40/%&

a0: n, a1: a, 
 a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, t0, 2 
  add  a2, a2, t0 
  add  a3, a3, t0 
  lw  t1, 0(a2) 
  lw  t2, 0(a3) 
  fma.s  t0, a1, t1, t2 
  sw t0, 0(a3) 
skip: 
  stop 

SIMT 

a

x[0]

y[0]

res[0]

FMA

uT0

a1

t1

t2

t0

a

x[1]

y[1]

res[1]

FMA

uT1

a

x[2]

y[2]

res[2]

FMA

uT2

a

x[3]

y[3]

res[3]

FMA

uT3
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!6?W+*9=&;%P&=(#15>"0#$&.47/"(%&

a0: n, a1: a, a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, 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 

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  vr0, a2 
  vlw  vr1, a3 
  vfma  vr1, a1, vr0, vr1 
  vsw vr1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

SIMT Traditional Vectors 
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.47/"(&I40C/G&#;"51%&A7>;5/K&X(#07G&

a0: n, a1: a, a2: *x, a3: *y 
 
  mv t0, tid 
  bge  t0, a0, skip 
  slli  t0, 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 

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  vr0, a2 
  vlw  vr1, a3 
  vfma  vr1, a1, vr0, vr1 
  vsw vr1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

SIMT Traditional Vectors 
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!6?W+*9=&(4J$57#/4%&%7#$#(&"J4(#01%&

a0: n, a1: a, a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, 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 

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  vr0, a2 
  vlw  vr1, a3 
  vfma  vr1, a1, vr0, vr1 
  vsw vr1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

SIMT Traditional Vectors 
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!6?W+*9=&(41<01#0/&#11(4%%&
7#$7<$#>"0%S&1K0#D57&D4D"(K&7"#$4%750C&

a0: n, a1: a, a2: *x, a3: *y 
 
  mv  t0, tid 
  bge  t0, a0, skip 
  slli  t0, 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 

a0: n, a1: a, a2: *x, a3: *y 
 
stripmine : 
  vsetvl  t0, a0 
  vlw  vr0, a2 
  vlw  vr1, a3 
  vfma  vr1, a1, vr0, vr1 
  vsw vr1, a3 
  slli  t1, t0, 2 
  add  a2, a2, t1 
  add  a3, a3, t1 
  sub a0, a0, t0 
  bnez a0, stripmine  

SIMT Traditional Vectors 
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:"0 Y/&0441&+*9=&'"(&+69:&

! !21$N$%9#&!aZ.&*"+0#&+0:0#"60+&P"1&^@>Z>.&'>Xd&
0%N$%05-&/3,&+"%,̀&%00+&'>Xd&)91+O910&,"&13%&'LXZ&
W!aZ.R260%!7Y&61"N19*5&O0##&

- !!)0(B&"3,&43%536`5&X>!=2?<GHg&69601&9%+&36("*$%N&
,)05$5&



6("J"%41&.&23/40%5"0&+/#/4&

KG&
KH&

K\H&

PG&
PH&

P\H&

',9%+91+&=>'!?@&5(9#91&K&
9%+&P&10N$5,015&

6GhGi&
6HhGi&

6bhGi&

6GhHi&
6HhHi&

6bhHi&

6GhX@7?Hi&
6HhX@7?Hi&

6bhX@7?Hi&

j&:0(,"1&610+$(9,0&10N$5,015-&O$,)&
H&/$,&601&0#0*0%,&

:#1&

:(PN&

@0(,"1&
("%QN319T"%&
!'=&

@0(,"1&#0%N,)&
!'=&

:GhGi&
:HhGi&

:\HhGi&

:GhHi&
:HhHi&

:\HhHi&

:GhX@7?Hi&
:HhX@7?Hi&

:\HhX@7?Hi&

a6&,"&\<&:0(,"1&+9,9&10N$5,015-&:G?:\H-&
"P&9,&#095,&g&0#0*0%,5&09()-&O$,)&
:91$9/#0&/$,5R0#0*0%,&Wj-Hk-\<-kg-H<jY&

X@7&$5&*9K$*3*&:0(,"1&#0%N,)-&
$*6#0*0%,9T"%&9%+&("%QN319T"%&+060%+0%,-&
/3,&X@7&el&g&



.&23/40%5"0&H4#/<(4%&

! !=0("%QN319/#0&:0(,"1&10N$5,015&
- !JK()9%N0&3%350+&91()$,0(,319#&10N$5,015&P"1&#"%N01&:0(,"15&

! !X$K0+?610($5$"%&5366"1,&
- ![1"*&j?/$,&,"&X.mWm7J^-[7J^Y&$%&6"O015&"P&<&

! !>%,0N01-&QK0+?6"$%,-&S"9T%N?6"$%,&91$,)*0T(&
- ![#"9T%N?6"$%,&10n3$105&("11056"%+$%N&5(9#91&0K,0%5$"%&
- ![$K0+?6"$%,&,"&$%(#3+0&1"3%+$%N-&59,319T"%-&5(9#$%N&

! !a%$,?5,1$+0-&',1$+0+-&>%+0K0+&7"9+R',"105&
! !L10+$(9T"%&



)47"0VC<(#Z$4&.47/"(&)4C5%/4(&H5$4&

! !L1"N19**$%N&*"+0#&9##"O5&560($PD$%N&%3*/01&"P&
91()$,0(,319#&10N$5,015&WH?\<Y&

! !X9K$*3*&)91+O910&:0(,"1&#0%N,)&93,"*9T(9##D&
0K,0%+5&,"&Q##&(969($,D&"P&10N$5,01&Q#0&

! !JK()9%N0&3%350+&
91()$,0(,319#&10N$5,015&P"1&
#"%N01&)91+O910&:0(,"15&

!"#$%&' ()(
!*#+  = 2 

!"#$%&' (,(
!*#+  = 4 



95341-6(475%5"0&+<JJ"(/&
! !o91+O910&53/+$:$+05&6)D5$(9#&10N$5,01&$%,"&*3#T6#0&

%911"O01&91()$,0(,319#&10N$5,015&95&10n305,0+&
- !'3/O"1+ &69(B$%N&,19%56910%,&,"&5"pO910&
- !>*61":0+&3T#$V9T"%&"P&"6019%+&("**3%$(9T"%&/9%+O$+,)&
- !'69T9#&P3%(T"%9#?3%$,&6919##0#$5*&

! !2%#D&5366"1,&0#0*0%,5&36&,"&X.mWm7J^-[7J^Y&
- !JqNq&=@\<>X&O"3#+&"%#D&5366"1,&j-Hk-\<&
!!" !"#

!!" !$#

!!# !"#

!!# !$#

!!$ !"#

!!$ !$#

!!% !"#

!!% !$#

!!" !"#

!!" !$#

!!" !%#

!!" !&#

!!# !"#

!!# !$#

!!# !%#

!!# !&#

!!" !"#

!!" !$#

!!" !%#

!!" !&#

!!# !"#

!!# !%#

!!# !$#

!!# !&#

!!" !"#

!!" !$#

!!" !%#

!!" !&#

!!# !"#

!!# !%#

!!# !$#

!!# !&#

!!" !'#

!!# !'#

!"#$%&' (-.(-(
!*#+  = 5 



6("C(#DD4(Y%&.54N&"'&)47"0VC<(#Z5$5/K&

! !C0P"10&#""6&%05,-&:0(,"1&("%QN310&$%5,13(T"%&50,5&
%3*/01&10n3$10+&"P&09()&O$+,)&"P&10N$5,01&

! !.p01&#""6&%05,-&3%("%QN310&+$59/#05&:0(,"1&3%$,&9%+&
9:"$+&59:0R105,"10&9,&("%,0K,&5O96-&6",0%T9##D&6"O01&
+"O%&

  vsetcfg  #64, #32, #16, #8!
!
stripmine :!
  vsetvl  t0, a0!
  # É!
  # Code for loop body !
  # É!
  sub a0, a0, t0 !
  bnez  a0, stripmine !
!
  vuncfg  # Turn off  vector  unit !

44 



L5CG4(&64('"(D#074&'("D&6#(#$$4$&I#04%&

!"#$%

&'#()*#"+%,#-.%

/$(.*0%
1$2-3.$03%

4$5*06%7'8363.$5%

J#0*0%,5&
G-&g-&j-&r&

J#0*0%,5&
H-&I-&F-&r&

J#0*0%,5&
<-&k-&HG-&r&

J#0*0%,5&
\-&b-&HH-&r&
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.47/"(&I40C/G&6"(/#Z5$5/K&

! !'9*0&/$%91D&("+0&O"1B5&10N91+#055&"P_&
- !̂ 3*/01&"P&6)D5$(9#&10N$5,01&/$,5&
- !̂ 3*/01&"P&6)D5$(9#&#9%05&

! !.1()$,0(,310&N3919%,005&*$%$*3*&:0(,"1&#0%N,)&"P&
P"31&10N91+#055&"P&("%QN319T"%&,"&9:"$+&5,1$6*$%0&
":01)09+&P"1&5)"1,&:0(,"15&

- !JqNq-&$P&350&\<&s&kg?/$,&:0(,"1&10N$5,015-&
- !%00+&H<j&s&j?/D,0&6)D5$(9#&0#0*0%,&10N$5,015&
- !H8C&'=.X&&



6"$KD"(JG57&*0%/(<7>"0&207"150C&

! !'$%N#0&5$N%0+&$%,0N01&.ZZ&"6("+0 &O"1B5&"%&+$c010%,&
5$V0&$%63,5&9%+&"3,63,5&

- !'$V0&"P&$%63,5&9%+&"3,63,5&$%)010%,&$%&10N$5,01&%3*/01&
- !'$N%?0K,0%+&5*9##01&$%63,&
- !X"+3#"&91$,)*0T(&"%&":01S"O&,"&+05T%9T"%&
- !=05,1$(,&5366"1,0+&("*/$%9T"%5&,"&5$*6#$PD&)91+O910&

! !>%,0N01-&[$K0+?6"$%,-&[#"9T%N?6"$%,&91$,)*0T(&
! !L1"5_&

- !Z0%501&0%("+$%N-&5$V05&$%)010%,&$%&10N$5,01&%3*/01&
- !J#$*$%9,05&*9%D&+$M(3#,&(9505&

! !!"%5_&
- !!9%`,&10350&10N$5,01&P"1&+$c010%,&5$V05&
- !!9%`,&$%$T9#$V0&P1"*&*0*"1D&O$,)&5*9##01&,D60&



.47/"(&I"#1%&#01&+/"(4%&

.++1055$%N&*"+05_&
! !a%$,?5,1$+0&&W5(9#91&/950Y&
! !!"%5,9%,&5,1$+0&W5(9#91&/950-&5(9#91&5,1$+0Y&
! !>%+0K0+&W5(9#91&/950-&:0(,"1&"c50,Y&
&
dD605_&
! !'06919,0&$%,0N01&9%+&S"9T%N?6"$%,&#"9+5&9%+&5,"105&

- !'366"1,&[La&$%,01%9#&10("+$%N&
! !'$V0&$%)010%,&$%&+05T%9T"%&10N$5,01&%3*/01&WP"1&

$%,0N015-&5$N%0+R3%5$N%0+&+0,01*$%0+&/D&350Y&
&
'366"1,&:0(,"1&.X25_&
! !JqN-&@0(,"1&P0,()?9%+?9++&



.47/"(&6(4157#>"0&

! !J$N),&:0(,"1&610+$(9,0&10N$5,015&6G?6b-&"%0&/$,&601&
0#0*0%,&

! !7"N$(9#&"6019T"%5&/0,O00%&610+$(9,0&10N$5,015&
! !.##&:0(,"1&$%5,13(T"%5&910&610+$(9,0+&3%+01&6G&

- !>*6#$($,&610+$(9,0&+30&,"&0%("+$%N&("%5,19$%,5&
! !>%5,13(T"%&,"&5O96&,O"&610+$(9,0&10N$5,015&

- !=0+3(0&":01)09+&"P&5()0+3#$%N&("*6#0K&("%,1"#&S"O&
- !!9%&$*6#0*0%,&t35,&$%&10%9*0&,9/#0&$P&2"2 &("10&

! !L"6("3%,&$%5,13(T"%&10,31%5&%3*/01&"P&9(T:0&/$,5&$%&
610+$(9,0&10N$5,01&,"&5(9#91&$%,0N01&10N$5,01&

- !a50+&P"1&+$:01N0%,&("%,1"#&S"O&"6T*$V9T"%5&
! !2,)01&(1"55?0#0*0%,&S9N&"6019T"%5&,"&5366"1,&

("*6#0K&#""6&"6T*$V9T"%5&



.47/"(&6(4157#>"0&#01&
.47/"(&)4C5%/4(&)40#D50C&

! !dO"&610:$"35&9661"9()05&$%&:0(,"1&91()5_&
HY! Z05T%9T"%&)95&"#+&:9#30&$P&610+$(9,0&P9#50&

- !'$*6#01&560(-&/0f01&P"1&$%?"1+01R%"&10%9*$%N&
- !o9:0&,"&("6D&"#+&:9#30&,"&%0O&+05T%9T"%&O$,)&10%9*$%N&

<Y! Z05T%9T"%&)95&3%+0Q%0+&:9#30&$P&610+$(9,0&P9#50&
- !X"10&("*6#0K&("+0-&/0f01&P"1&"3,?"P?"1+01&O$,)&10%9*$%N&
- !̂ 00+&9++$T"%9#&*01N0W5Y&,"&10/3$#+&("*6#0,0&:0(,"1&

! !A0`10&()""5$%N&HY-&95&5$*6#01&9%+&59P01q&
! !a50&*$(1"91()$,0(,319#&,1$(B5&P"1&2"2 &*9()$%05&,"&

10+3(0&9*"3%,&"P&+9,9&,19%5P01q&



.&;4(%<%&EGN#7G#&

! !@&$5&61"6"59#&P"1&9&5,9%+91+&=>'!?@&:0(,"1&0K,0%5$"%&
! !m)O9()9&$5&9&%"%?5,9%+91+&C01B0#0D&:0(,"1&0K,0%5$"%&

+05$N%0+&,"&635)&5,9,0?"P?,)0?91,&$%?"1+01R+0("36#0+&
:0(,"1&*9()$%05&

- !@&9%+&m)O9()9&#9%0&*$(1"91()$,0(,310&:01D&5$*$#91&
- !X3#T6#0&:015$"%5&"P&m)O9()9&)9:0&/00%&P9/1$(9,0+&

- !&36&,"&\g&U[72L'RA&13%%$%N&ZUJXX&O$,)&>JJJ?<GGj&kg?/$,&P350+&
*3#9++5&

! !!3110%,&C01B0#0D&P"(35&"%&/1$%N$%N&36&260%!7&P"1&
m)O9()9&

! !@&,"&P"##"O&



23#DJ$4&.47/"(&I#04&@(C#05B#>"0&
Q'("D&LN#7G#T&

! ! !"*69(,&10N$5,01&Q#0&"P&P"31&
H=HA&'=.X&/9%B5&

! ! L01?/9%B&$%,0N01&.7a&

! ! dO"&$%+060%+0%,#D&5()0+3#0+&
[X.&(#35,015&

- !d",9#&"P&P"31&+"3/#0?610($5$"%&
/01" &601&(D(#0&

! ! L$60#$%0+&$%,0N01&*3#T6#$01&

! ! @91$9/#0?#9,0%(D&+0("36#0+&
P3%(T"%9#&3%$,5&

- !>%,0N01&+$:$+0&
- ![#"9T%N?6"$%,&+$:$+0&O$,)&

5n3910&1"",&

!"#$
%&"&'(

)*+

!"#$%&

!"#$%'

!"#$%(

!"#$%)

,-.//01-

21*345
,.*+-.6

" ' 7*
89:1*;<-

!<=><*,<-

?<,+.-4)//><

21*34&
,.*+-.6

21*34@
,.*+-.6

21*34A
,.*+-.6

7$#

7B.*?

C$>6

7$#

7BD:

!"#$%&'()

!"#$%&'(*

CE)?

7E)?

.:<-1*;4-<F)/+<-/

?<,+.-
-<F)/+<-/



! ! '35,9$%5&#&"6019%+5R(D(#0&9p01&#?(D(#0&$%$T9#&#9,0%(D&

&
&
&

! ! u[$10&9%+&P"1N0,v&9p01&)9V91+5&910&(#0910+&36"%&50n30%($%N&
! ! !)9$%$%N&P"##"O5&%9,319##D&P1"*&$%,01#09:$%N&w"65&/0#"%N$%N&,"&

+060%+0%,&$%5,13(T"%5&

+K%/"$57&X#08&2347<>"0&

! "

! "

! #

! "

! #

! "

! #

$

! "

#
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! !C9%B&691TT"%0+&$%,"&+$c010%,&50N*0%,5&P"1&09()&
5366"1,0+&+9,9&,D60&O$+,)&

- !!"#$%&' (,.(2.(-.(3( W9:;<%9=><%9?:<%9@Y&F“&:#0%&l&Hk&

doubleword 

word 

halfword 



@+&+<JJ"(/&

! !=05,91,9/#0&69N0&P93#,5&:$9&*$(1"("+0&5,9,0&+3*6-&
"69n30&,"&2'&

- !'$*$#91&,"&ZJ!&@0(,"1&@9K&$*6#0*0%,9T"%&
! !L1$:$#0N0+&560($Q(9T"%&+05(1$/05&m'&55,9,35&Q0#+&350+&

,"&0%("+0&("61"(055"1&5,9,35&W2c-&>%$T9#-&!#09%-&Z$1,DY&
,"&10+3(0&("%,0K,&59:0R105,"10&":01)09+q&
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KG&
KH&

K\H&

PG&
PH&

P\H&

',9%+91+&=>'!?@&5(9#91&K&
9%+&P&10N$5,015&

:(PN&

@0(,"1&
("%QN319T"%&
!'=&

:#1&

@0(,"1&#0%N,)&
!'=&

:GhGi&
:HhGi&

:\HhGi&

:GhHi&
:HhHi&

:\HhHi&

\<&:0(,"1&+9,9&10N$5,015-&:G?:\H-&P"31&0#0*0%,5&
09()-&X.mWm7J^-[7J^Y?/$,5&O$+0&

:Gh<i&
:Hh<i&

:\Hh<i&

:Gh\i&
:Hh\i&

:\Hh\i&

j&:0(,"1&610+$(9,0&10N$5,015-&09()&
P"31&0#0*0%,5-&O$,)&H&/$,&601&
0#0*0%,&

6GhGi&
6HhGi&

6bhGi&

6GhHi&
6HhHi&

6bhHi&

6Gh<i&
6Hh<i&

6bh<i&

6Gh\i&
6Hh\i&

6bh\i&

!"#!$%&'()%

*%&'()%

+,#-,%&'()%
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