= neon-test

TEST CODE
TUTORIAL

In this document, we step through the
test suite “neon-test” in order to learn
about coding for the neon processor.

What is NEON?!

The implementation of the Advanced Single In-
struction Multiple Data (SIMD) extension used
in ARM processors is called NEON. NEON
technology is implemented on all current ARM
Cortex-A series processors.
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SIMD allows a processor to operate on multiple
sets of data in parallel with one instruction. For
the right type of problem, meaning one that can
be divided up into parallel operations, this speeds
up performance.
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NEON instructions are executed as part of the
ARM or Thumb instructions that make up a pro-
gram. ARM or Thumb instructions take care of
program flow and synchronization. NEON in-
structions handle memory accesses, data copying
between NEON and general purpose registers,
data type conversion, and data processing.
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Usually, both Vector Floating Point (VFP) ex-
tension and NEON extension are implemented
together. They have many common features, so
using them together makes sense.

Neon Register Set

The NEON register bank consists of thirty-two 64-
bit registers. If both Advanced SIMD and VFPv3 are
implemented, they share this register bank. The
same register bank can be viewed as sixteen 128-bit
quadword registers [Q0-Q15], or thirty-two 64-bit
doubleword registers [D0-D31]. Each of the Q0-Q15
registers maps onto a pair of D registers. When you
are writing software, you can freely switch between
either view of the registers. The instruction deter-
mines whether a D register or a Q register is being
accessed. Most instructions can operate on different
data types. This is encoded in the instruction.

NEON instructions support 8-bit, 16-bit, 32-
bit, and 64-bit signed and unsigned integers,

as well as 32-bit single-precision floating point
elements, and 8-bit and 16-bit polynomials.
There is an additional extension called half-
precision extension which enables NEON to
convert between single-precision floating point
and half-precision floating point. In other words,
there are extensions to the extension! Knowing
what extensions are implemented on the proces-
sor in use is a necessary early step to successful
code writing.

1 Adapted from “Introducing NEON”
ARM DHT 0002A ID060909



The following test code, complex_mult.c, was part of

neon-test as of mid-October 2009. There may be some N E O N — T E S T

variations in the current test code from this package.

COMPLEX_MULT.C 32 aR0y, (357 \mer

"v1ldl.32 {%P1}, [%6] \n\t" g

"vmul.f£32 %P2, %P0, %P1 \n\t" (=

Font Key for Tutorial :vrev64.32 %P3, %P0 \n\t: 5
. . . . vmul.f32 %P3, %P3, %P1 \n\t

#include <stdio.h> indicates source code "vneg.£32 %2, 32 \n\t" o

, . , p , o " o

directive to include standard ¢ Horarg ml:)ut and vtrn.32 = %P2, %P3 \n\t o

- . . . "vsub.f32 %P2, %P2, %P3 \n\t" -

output header fille indicates tutorial commentary "vstl.64  {%P2}, [%4] \n\t" c

: "=sw" (d0), "=sw"(dl), "=sw"(d2), "=&w"(d3) )

C ety "e'(a), "r'(b) =

: "memory"); -

#include <stdio.h>
directive to include standard ¢ librarg inl:)ut and #else

output header file This #else is related to the Previous #if

statement. p
#include <stdlib.h> =
directive to include standard ¢ librarg header file asm volatile ( =

asm indicates that assemblg instructions a
void Fo”ow, within the Pair of Parentheses. N
complex mult(const float *a, const volatile instructs the compiler to compilc s
float *b, float *r) evergthing as written, and do not attempt >
{ to dele’ceJ move, or combine the instruc- §.
Here is where the function comPlex_mult begins. tions. This is because it’s hand-written to &
It takes three arguments and does not return a Proceed ina Particu!ar way. S
result. The three arguments are three Pointers 3
to float values. The value Pointed to bg *a and "vld1.32 {dO}, [%1] \n\t"

*b are designated as const, which means theg do  Vectorload one element 32 bits wide from
not change within this function. A and B are the our inPut operand [%1] to our NEON reg-
numbers to be multiplied. R is the result. *a deref-  ister {d0}. This moves data from memory to
erences to A, *b dereferences to B, and*rderef- a register. Operands have a single % sign
erences to R. as Preﬁx to istinguish them from regjsters.

double d0, d1, d2, d3; The brackets in [%1] are much like an as-

Four double values are declared. These are auto-  terisk in *Ptr.

matic variables, which means theg exist within the

function. Notice that these are not guaranteed to  When we see [%1], then we intcrprct it as

be initialized. Take the regjster the comPiler assigned
as the Ist oPerand, treat the contents as

Now, how |arge are the things we have declared? an address, and look up that address in

float is 32 bits and double is 64 bits. memory". In this vector Joad instruction,
[%1] Provides a base address.

#if 0

This is a shorthand for a section of code that will ~ There are several vector loads in the in-

never be com ilec], but that one may want to keeP struction set. Each does different things

for either arcEival or future urposes. The #else based on the way the instruction is written.

bllocék that follows the #if 0 block does get com- Here is what dO [‘?DO‘(S like:

piled.
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Note that dO is 64 bits wide. It’s comPosed of
s0 and sl, each being a VFP/NEON register 32
bits wide. It may seem like we’re tr ing to load
32 bits into a 64-bit register and then moving
on, but that’s not what ends up haPPenin . In
order to understand what is going on, we%ave
tojump ahead in the source code.

Look at the end of the block of assern]:>|9
code below - speciﬁca”g, the two instructions
right before the closing Parenthesis. We’”jum[:)
back to this Point after the exPlanation. Hang
in there!

"vid1.32 {dl}, [%2] \n\t"
"vmul.f32 d2,do0, d1 \n\t"
"vrev64.32 d3, dO \n\t"
"vmul.f32 d3,d3,d1 \n\t"
"vneg.f32 s5,s5 \n\t"

"vtrn.32 d2,d3 \n\t"

"vadd.f32 d2,d2,d3 \n\t"
"vstl1.64 {d2},[%0] \n\t"

Skip over the above assembllg instructions for

Nnow ~ wc’” get back to this s ortlg.
"r"(r)’ "r"(a)’ "r"(b)
"do n ’ "dl" ’ "d2 " ’ "d3 " ’

"memory");

"Wot's all this?"

Notice what appears to be a double colon,
followed by some sgmbols, then another co-
lonJ followed bg some more sgmbols? Here is
what this format indicates'.

asm volatile(
lots of assemblg instructions

s=r(b) /* output */

1 referenced from http://www.ibiblio.org/
gferg/ldp/GCC-Inline-Assembly-HOWTO .html

Nostrud dolute facinit iriurero odio do et dit,
commy nisl ea faccum quip enim del eros nim
dolorem zzrit, quatuer alis alisi tio od duis esse-
nit, quate commodo odolore consed magna.

/* inPut */

't (a)
: /* clobbered regjster */

'“%Cax“

);

What looks like a Ieacling double colon in our
test code is actua“g two single colons with
nothing in between them. TE@ Ieading double
colon (::) means that there is no outPut. This
makes sense because our function is type
void. The inPut Parameters follow the second
colonand are "r'("), "r' (@), "r'(b). What do
these mean? Thcg corresponcl to the argu-
ments in the function definition. We are setting
[L'JP a Place for these incoming arguments to
ve.

"r"(a) is the programmer tc”ing the compiler
"this asscmblg code exPects a regjster to
contain a. Please arrange for this to be true
before ca”ing my asscrr%jlg code. You can Pick
any regjster you Prmcer for this purpose, and
Il just Put %1 when | mean that register. “r'(r)
is the Oth oPerand. r"(a) is the 1st oPerancl.
“+(b) is the 2nd oPerancl.

Being able to find the address of these set-

Code Design

"What do you think
about the way colons
are used here?"

"The colons are ok
with me. What bugs
me is that this stuff is
set up is at the end.

It should be at the
beginning so that

the restrictions are in
context. this would
make reading the code

easier."
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aside storage locations is very imPortant, esPeciang when we want to store the result of our
work back to memory. [%0] is the address of the regjster set aside to contain operand 0, [%1]
is the address of the register set aside to contain oPeranci 1 and [%2] is the adjjress of the
register set aside to contain oPerand 2. Angtime we need the addresses of these oPerands, we
use [%n], where nis the number of the oPerancl, starting with O.

In summary, (), "r@), "r" (b) direct the comPiier to generate the code to load the addresses
of the two oPeranch we're going to muitiPiy, as well as the address where we will store the re-
sult.

After the third colon, we indicate what’s "clobbered". This tells the compiler that the value in
registers dO, dl, ciZ, cb and sometl'iing called memory are to be modifie bg the block of assem-
bly code. In other words, we don’t want the compiler to use these registers to store any other
va?ue, because the value will ci'lange. This is a sa ety lockout on the regjsters.

Now, let's skiP back to the toP of the block of assembig code and steP ti'irougl'i it.

"vid1.32 {dl1}, [%2] \n\t"
Vector load one element 32 bits wide from our inPut oPerand [%2] (associated with a register
bg that colon magjc) to register dr.

"vmul.f32 d2,d0, d1 \n\t"
In this instruction set, the flow is from rigi’xt to left. This is a vector multiplication of two §Z~bit
ﬂoating Eoint datatgpes that ha[ifen to be housed in a 64-bit wide set of registers. This means
1

that 32-bit wide lanes of do and di are muitipiied togeti*ier and these results are Piaceci ind2.

DO a[0] ' a[1]

T —
D1 b[0] ' b[1]

T —
D2 a[0] * b[0] ' a[1] * b[1]

T —

"vrev64.32 d3, dO \n\t"

This instruction reverses the order of §Z—bit elements within each double word of the vector.
The source register is dO and the destination register is cb. Hereis a graphic of what is hap-
Penin - The two-element array that had been loaded into do has been loaded into d3, but with
each element swaPPeci. As we will see shortly, his makes the complex multiPIication easler.

|eli0in] apod 3dinos

-
c
2
=
=
m
(X
N
N
=2
(]
<
1)
3
(o
M
-
N
(=]
(=}
O




NEON-TEST

|el401n] 8po) 934nos

"vmul.f32 d3,d3,dl1 \n\t"
Vector multiplication of two 32-bit ﬂoating Point datatgpes that happen to be housed in a 64-
bit wide set of registers. This means that §2~bi’c wide lands of di and d§ are multiplied together
and these results Placed in cb.

r T
r T
(i r
b[0] * a[1] b[1] * a[0]
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"vneg.f32 s5,s5 \n\t"
Next, we negate. This instruction takes s3, negates it, and puts it back in s5. On page 5 we
showed that each 64-bit d rcgistcr is comPosccl of two §Z~bit wide s registers. Here is where s5

(2 r

s5 L:»C{Tc latter half of d2, andis (@[11 * b[11). We need - (a1l * b1 later on, so this oPeration is
usetul.

"vtrn.32 d2,d3 \n\t"
This is a vector transpose, where the elements are 22-bits wide. Here is what's haPPening.
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4 b[0] * a[1] 4 b[1] * a[0]
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And here are the values of d§ and d2 after the transPose.

D3 4 b[0] * a[1] 4 a[0] * b[0]

D2 b biil*aio] [P S(ali] * bi1)

The second half of d5 is swaPPing Places with the first half of d2. Both registers are modified.
The §2~bit wide lanes of each register are treated like elements of a2 by 2 matrix.

"vadd.f32 d2,d2,d3 \n\t"
Takini d2 and d3, we add them element-wise. Each 32-bit wide lane is added, and the result
Place ind2.

D2 %[O] *a[1] + b[1] * a[0] 'a[O] *b[O] - a[1] * b[1]
T—

"vstl.64 {d2}, [%0] \n\t"
Store the contents of d2, a 64-bit regjster which contains our result, into memory. We Previ~
ouslg set aside memory with compiler directives. %0 is a regjster, which ha pens to contain an
address. [%0] is the value found at that address. The braiets are much like an asterisk in

*Ptr.

When we see [%0], then we interPret it as "Take the register the compi]er assigned as the oth
oPerand, treat the contents as an adclress, and look up that address (and as many subsequent
consecutive addresses as you need to fill up the rig]'lt size vector) in memory". In this vector
store instruction, [%0] Provides a base address, and we move data from d2 into memory until
we've moved all of it.
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#endif

This marks the end of the #if 0, #else thingie that had us choose between two blocks of as-
semblg code. As mentioned above, there isn't a test I’:ere, to choose between them. The second
blockis comPiled and the first one is not.
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This closing curlg bracket marks the end of the com[:)lex_mult function. There is no return value
because it is a void function.

int main()

Here is where the function main begins. The int indicates that main returns an integer result.
It appears to take no a(rﬁ;iments, but interestin lg enough, mainis a sPecial case because its
arguments are Provicle Y the runtime assemb Y language that comes with the comPiler (This
wir?not be on the exam!).

volatile float a[2], b[2], r[2];
Volatile instructs the comPiler to comPile evergthing as written, and do not attemPt to clelete,
move, or combine the instructions. This is because it's hand-written to Proceecl ina Particular
way. a[2] and b[2] are the muitiplicancls. r[2] is the result. a[2], b[2]1, and r[2] are each two-
element-wide arrays of tHPC float.

int i;
We set upa variable i as an integer.

a[o] =
al[l] =
b[0] =
b[1] ;

Here is where we initialize the elements of the array.a[0] = 1; is a bit terse. It should be

a[0] = 1.0;

or

a[0] = (float)1;

crﬂrgouaﬁ:ﬁanHknAmanggouwodduse

a[f0] = 1.;

~e

o e

14
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for (i=0; i<le8; i++) {
Thisis a IooP. iis set to zero and is Post—incremente& once per looP. When i reaches le8, then
execution continues past the closing curlg brace.

Thereis a Possible Portabilitg roblem here that's worth a word or two. i<le8 might be too large
if the code was Ported to another processor where 1e8 was too Iarge for an integer to hold.
However, we're alwags rurming on an ARM with NEON code, so this is Per?ectlg%’ne. The pur-
pose of the numberie8 as the |ooP limit is to cause the calculations to run enough times in order
to show any sPeeduP from the optimization.

In order to make this Particular tﬂPC of statement as Portabie as Possible, it's a goocl idea to
use tgpes, like INT32, when declaring integers.



#ifdef NEON
if the macro NEON is deﬁncd, then execute the
io”owing conditional block.

complex mult(a, b, r);
Call the complex_mult function with the argu-~
ments a, b, and r.

#else
if NEON is not defined, then do this conditional
block.

r[0] =
r[(l]

(a[0]*b[0] - a[l]*b[1]);
(a[1]*b[0] + a[0]*b[1]);

The elements of the array are multiPliecl together
asa complcx multiplication, using the definition of
complcx multiPlicationz. The arrags aand b stand
for COITIPICX riumbcrsJ where the first element of
each array is the real comPoncnt, and the second
element o% each array is the imaginarg compo-
nent.

#endif

}
End the test as to whether or not NEON is de-
fined.

printf ("Result = (%f,
r(0], r[1]);
Present the result.

$f)\n",

return 0;
}
We return a value of 0 and the function main
ends. It is traditional to return O if the program
oPerated correctlg.

2 http://en.wikipedia.org/wiki/Complex_
number#Operations
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The following test code, dotproduct.c, was part of
neon-test as of mid-October 2009. There may be some
variations in the current test code from this packag@s

DOTPRODUCT.C
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#include <stdio.h>
directive to include standard c Iibrarg in-
Put and outl:)ut hcader iqle

>

#include <stdlib.h>
directive to include standard ¢ Iibrarg

hcader ﬁIC

#ifdef UO
if the macro UO is deﬁned, then execute
the Fo”owing conditional block.

float
dotprod ffif cortex a8 (const float
*a, const float *b, size t n)
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Here is where the function dotPro&_iq:ic_
cortex_a8 begins. It takes three arguments
and returns a result of tHPC float. The
three argumerits are two Pointcrs to float
values and size_tn, which is an integer
large enough to hold the SIZE of any data
tgl:)c. The "t stands for tgl:)c.

The value Pointed to bg *a and *b are des-
ignated as const, which means theg do not
c%-iarige within this function. A and B are
the numbers to be "dot productized". *a
dereferences to A, *b dereferences to B.
We set Uf a looP to iterate over the n ele-
ments of the inPut vector. nis used in that
loop. The value for nis passed in from
main as the constant vaﬁie 256 when main

calls dotProd_iCiCF_cortex_aS (a, b, 256).

float sum = 0;
Afloat is declared and initialized to zero.
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size t 1i;
An inte§er "large enough to hold the sizZE
of any ata tgpe“ is declared.

for (i = 0; i < n; i++){
We setup a looP to iterate over the n ele-
ments of the input vector. i starts at zero
and is Post~incremented after each time
t!’:rough the looP. When it reaches the
value 256, we exit the IooP.

sum += a[i] * b[i];
Within the loop, for each iteration, we
multiplg what E)oks like the ith element of
a times the i" element of b. We accumu-
late the result in the float variable called
sum. Thisis C Pointers at work. They are
Passin%‘around a Pointer to a float, which
throug the magic of Pointer arithmetic can
be used to address any number of floats
contiguous in memory (thatis, an array of
floats).

}

return sum;
}
We return "sum", which is the result of the
accumulation.

#endif
The conditional block started 139 #itdef
U0 is concluded.

#ifdef Ul
if the macro UO is defined, then execute
the Fo”owing conditional block.

float

dotprod fff cortex a8 (const float
*a, const float *b, size t n)

{

Here is where the function dotProd_FFF_
cortex_a8 begins. It takes three arguments
and returns a result of tyPe float. The

three arguments are two Pointers to float values
and size_t n, which is an integer large enough to
hold the SIZE of any data tHPC The "t" stands
for type.

The value Pointed to by *a and *b are clesignatecl
as const, which means theg do not change within
this function. A and B are the numbers to be "dot

roductized". *a dereferences to A, *b derefer-
ences to B. Here, n is used in a branch instruc-
tion. The value fornis Passccl in from main as the
constant value 256 when main calls dotprocl_ﬁc]c_
cortex_a8(a, b, 256)

float s = 0;
Afloat is declared and initialized to zero. We use
this on|9 inside the function.
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asm volatile (
asm indicates that assemblg instructions Fo”ow, within the Pair of Parenthcses. volatile instructs
the comPiler to coml:Jile evergthing as written, and do not atteml:)t to c{elete, move, or combine
the instructions. This is because it's hand-written to Procee& ina Particular way.

Now, even though we have assemb|9 code to look at, let's skip ahead to the com[:)iler con-
straints section to make sure we know what to do with the oPerancIs.

"vmov.£f32 g8, #0.0 \n\t"
"vmov.£f32 g9, #0.0 \n\t"
"1 \n\t"
"subs %3, %3, #8 \n\t"
"v1ldl.32  {d0,d1,d2,d3}, [%1]! \n\t"
"v1d1l.32  {d4,d5,d6,d7}, [%2]! \n\t"
"vmla.f32 g8, g0, g2 \n\t"
"vmla.f32 g9, gl, g3 \n\t"
"bgt 1b \n\t"
"vadd.f32 g8, g8, g9 \n\t"
"vpadd.f32 d0, dle6, d17 \n\t"
"vadd.f32 %0, s0, sl \n\t"

"=W"(S)’ "+r"(a)’ "+r"(b)’ "+r"(n)
: "qol" "qll" "q2"’ "q3"’ "q8"’ "q9");

As a reminder, the comPiler constraint format is as follows.

asm volatile(
kﬁso?assembkﬂnsﬁucﬁons
r=r(b) output */

r" (@) /*inPut*/

"%eax" /* clobbered regjster 5/
);

So, Fo”owing the first colon are four out[:)ut constraints. Let's look at the first one, "=w"(s). The
wgmedhdejsacommamtkﬁd4br&%emHykg;cﬂmtmdkmﬁsﬂknegdﬁﬂsaVFPﬂom}
kgpohhegdﬁnTHsbsed&ﬁoARMfﬂm"="mamswﬂﬁodgamﬁsamﬁwﬂﬁﬂbﬂ%e
<wtuhmdbnT%emmH:meamﬁmmmama”Wﬂfme+mam5hmdwﬁmﬁ&gﬁmmmﬁs
Lm&kpwamhwtMﬂﬁmn%mxH%%eam%mmmammHmo%gﬁ%dbmﬂmgmyad
as both inPut and outPut. The r inficates that a regjster in memory is set aside for the oPerand.
T%ecodedeoemeMsn,&J%SLﬁedasa\@ﬁaHlesdeaememﬁginPbcefﬂ%ﬁnpdsaﬁ:
ﬂoata,ﬂoatb,andhﬂfg@rn.T%enaaﬁinoinpuhahﬁe&.
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Now that we know what registers have been set aside in memory, let's go back and steP t]ﬁroug]ﬁ

the assemblg code block.

"vmov.f32 g8, #0.0 \n\t"
Takin 32 ﬂoating Point bits at a time, load zeros into q8. The constant sPeciﬁ'ed 139 #is rePli—
cated to fill the NEON register.

"vmov.£f32 g9, #0.0 \n\t"
Taking 2 ﬂoating Point bits at a time, load zeros into q9.Tr|e constant sPeciﬁed bg #is rePli~
cated to fill the NEON regjster.

n 1 : \n\t n
A label is written as a sgmbol followed bg a colon. This will be used tojump back to this loca-
tion, when we getto the branch instruction.

"subs %3, %3, #8 \n\t"
This is a subtraction instruction. The s added to sub is an oPtional suffix. It indicates that con-
dition code ﬂags are uP&a’ced upon the result of the subtraction. The first %3 is the destination
regjster, where the result will be placed. The second %3 is the first operand of the subtraction.
The #8 is an immediate value, and is allowed to be in the range ofo- 4095. This instruction
decrements n by 8. N is the number of floatin Point words in each vector, and was input initiall
as 256 (tr;at haPPens when this function is called bg main, so skiP ahead to the main Eunction i?
you want to see where that occurs).

We decrement by 8 because we can do 8 looPs at a time, instead omcfzust one. This gives a hint
of the power of SIMD architecture in terms of being able to Para”e instructions to a greater
degree trnan "regular" processors.

We use %% instead of [%3] because we are working with the contents of the register, and not
using the register to store an address.

"v1dl.32  {d0,d1,d2,d3}, [%1]! \n\t"
So what does this do? Vector load multiple n-element structures. Here, n=1. [%I1] Points toa
|-element structure that is 32 bits wide. We Put the contents Pointecﬂ to by the base address of
[%1] into each of the NEON regjsters listed. We start with [%1] as if it was the first address of
an array of 32-bit wide elements. We ratchet t]ﬁrough, ﬁ”ing up do, di, d2 and then d3 with the
contents at the addresses Fo”owing [%1].

The! means that [%1] is uPdated to (Rn Plus the number OF bgtes transrerred bg the instruc-
tions) arter a” t]ﬂe loads and stores.

do is 64 bits wide. There are two sPots for §Z~bit wide elements in each d register. Hereis a
diagram of the relationsrnip between the 32-bit s regjsters, the 64-bit d regjsters, and the 128-
bit q registers.
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[%1] is the base address of the array of 256 elements that we are going to dot Procluct with a
second 256~c|emen’c array. After we accomplish the vector load, we uPclatc [%1] 139 the number
of bgtes transferred bg the instruction. Each element is 32 bits wide. We are using 8-bit bgtes,
so each 32-bit load is 4 bgtcs. We loaded 8 registers. 8 regjsters x 4 bgtes =an uPdate to [%1]
of 32. This means that [%1] is now Pointing at 516 9’ch element in the 256 element array.

Here is what the rcgistcrs look like after the load. The "a" corresponds to the “a" in the second
oPerand listed in the compiler constraints after the first colon. “a [O]"is the first element of the
array. "all]"is the second element of the array, and so on.

"v1dl.32  {d4,d5,d6,d7}, [%2]! \n\t"
Here we do the same tg e of vector load for cH, dﬁ, dé, and d7. We're using the base address
sPcciﬁed bg [%2]. This is a second 256~e|ement array that will be dot—Proaguctized with the first
256-element array.
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Here is what the rcgisters look like after the load. The "b- corresPonds to the "b" in the third
operand listed in the conzfiler constraints after the first colon. “b[O] " is the first element of the
array. b[]] is the second element of the array, and so on.

|erioin] apo) adinos

"vmla.f32 g8, g0, g2 \n\t"
q8 and q9 were zeroed out earlier bg a "vmov.£f32 g9, #0.0" and "vmov. £32 q9,
#0.0" instructions. This instruction does a multiplg and accumulate. q8 is the destination. qO
is the 1st oPcrand and c]Z. is the second operand qO*qZ += q3.

Quick quiz: Whg is VLD1.32 not have a float datatyl:)e and VLMA.BZ have a float &atatgpe? (a
quick reminder: in general) the datatgl:)e is the part of the instruction Fo"owing the oPcode)

)
=
=
=
>
(1]
Q.
N
N
P
o
<
m
3
o
(1]
-
N
(=}
(=}
Lo}

Answer: loads don't care about the datatgl:)e. It's just bits when you load. Multiply, howcver,
needs to know what kind of number it's &ealing with.

Here is wha’c the q8 register looks like aFtcr the ﬁrst multiplg and accumulate.

' a[0] * b[0] 4 a[1] * b[1]
4 a[2] * b[2] 4 a[3] * b[3]

"vmla.f32 g9, gl, g3 \n\t"
We do another multiplg and accumulate. q]*cp += q9.

4 a[4] * b[4] 4 a[5] * b[5]
4 a[6] * b[6] 4 a[7] * b[7]

"bgt 1b \n\t"
This instruction is a branch if greater than. What are we comParing? OK, remember those con-
dition code flags from "subs %3 , %3, #8" ?Welook at those condition codes here in order
to decide whether or not tojump back to label 1 and load more elements of the 256~elcment
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arrags.

The 1b means to look back for label 1. We're looking backwards, up the code, for a label eclual
to 1. That's where wcjump if the result of the subtraction is still Positive. In essence, this test
asks wlﬂether or not we I‘xave run out of our 256 elements yet. So, when thc subtraction reaches
zaqdeﬁthﬁmﬁmemkﬁhmwe%”%ngﬂnten@dhﬁmdbnanﬁq9bd<
someﬂﬂnghketh%:

D16 'a[O]*b[O] + a[8]b[8] + a[16]*b[16] + ... + a[252]*b[252] 4 a[11*b[1] + a[9]*b[9] + a[17]*b[17] + .. + a[253]*b[253]

—_— — e —_—e
D17 2[2]*b[2] + a[10]*b[10] + a[18]*b[18] + ... + a[254]*b[254] [ &8]*b[3] + a[11]*b[11] + a[19]*b[19] + ... + a[255]*b[255]

D18 2[4]*b[4] + a[12]*b[12] + a[20]b[20] + ... + a[248]*b[248] 'a[5]*b[5] + a[13]*b[13] + a[21]*b[21] + .. + a[249]*b[249]
— - e B — .
D19 'a[6]*b[6] + a[14]*b[14] + a[22]*b[22] + ... + a[250]*b[250] 'a[7]*b[7] + a[15]*b[15] + a[23]b[23] + ... + a[251]*b[251]

"vadd.f32 g8, g8, g9 \n\t"
Vector Add adds corresPonding elements in two vectors, and Places the result in the destina-
tion vector. 1C§Z (§Z-bit wide ﬂoating J:)Oint "lane is our datatyl:)e. The first argument (qS) Is our
destination. The second argument (in this case also q8) is our first oPerand. q9 is our second
operand. Thisis a quac{worcl oPeration) where corresPon&in 32-bit lanes of g8 and q9 are
added together and then the result is Placecl in q8. Here is what c]8 looks like after the add.

' al0]*b[0] + a[4]*b[4] + a[8]"b[8] + a[12]*b[16] + ... 4 a[1]*b[1] + a[5]*b[5] + a[9]*b[9] + a[13]*b[13] + ...

— - e

D17 | a[2]*b[2] + a[6]*b[6] + a[10]*b[10] + a[14]*b[14] + ... 4 a[3]*b[3] + a[7]*b[7] + a[11]*b[11] + a[19]*b[19] + ...

"vpadd.f32 d0, d16, dl7 \n\t"
This is a pairwise add. It takes two vectors and adds the adjacent
pairs of elements. d0 is the destination and dl6 and dl7 are the
source. f£32 is the datatype. It tells us that the elements to be added
together are 32-bit floating point. d registers are 64-bit registers,
so each d register has two lanes of data to be added together. Here is
a diagram of what's going on.

|e1i0ln] apo) 334nos
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This fills do with the a[olb[0] + a[11b[1] + a[41b[4] + a[5]1b[5] + ... series and fills di with the
al21b[2] + a[31b[3] + alé1b[6] + a[71b[7] + ... series of data.

"vadd.f32 %0, s0, sl \n\t"
dois comPosed of s0 and s1. Add s0 and sl to bring the two series of data together in one con-
tinuous sum. The destination is the %0 regjster, which was setup with the compiler constraints
in the colon section. The source regjsters are sO and sl. Our datatgpe is 32-bit wide ﬂoating
Point lanes.
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II=WII(S), Il+rll(a), Il+rll(b), Il+rll(n)
: . IlqOII, Ilq1||, Ilq2 Il, Ilq3||, Ilq8||, Ilqgll ) ;
Here is the end of our assemb|9 code block, where the compi|er constraints live.

return s;
We return our result. s is the name of the register associated with oPerancl %0. It's where we
Put our result in the final asscmblg code instruction.

}
#endif

The conditional block started bg #itdef Unis concluded.
int main()

Here is where the function main begins. The int indicates that main returns an in‘ceger result.
It appears to take no agﬁ;xments, but interestin |9 enough, mainis a special case because its
arguments are Provicle y the runtime assemb y Ianguage that comes with the compiler.

volatile float a[256];

volatile float b[256];
Volatile instructs the comPiler to compile evergthing as written, and do not attempt to delete,
move, or combine the instructions. Here we have two arrays, named a and b. Thcg cach have
256 elements of type float.

float dp;
We set up variable clP as tyPe float.

size t i;
we set up variable i as tgpe size_t, which is an integer |arge enough to hold the SIZE of any
data tyPe. The "t" stands for tﬂPC-

for (i=0; i < 256; it++) {
Thisis a looP. iis set to zero and is Post~incrcmcntccl once per |oop. When i reaches 256, then
execution continues past the Closing Curlg brace.

a[i] = (rand() - RAND MAX/2.0);
b[i] (rand() - RAND MAX/2.0); }
These two instructions Put random numbers into each of the elements of the arrays a and b

for (i=0; i<le6; i++) {
Thisis a looP. iis set to zero and is Post~incrcmcntccl once per |oop. When i reaches ie6, then
execution continues past the C!osing Curlg brace.

dp = dotprod fff cortex a8(a, b, 256); }
The function dotprod_ff cortex_a8 is called. The addresses of the arrays a and b and the
integer 256 are Passecl in as arguments. The result, when returned, is assigned to the variable
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dp. a,n, 256, and dp all corresPoncl to the oPerands in the comPiler constraint section that is
indicated bg the colon Formattmg immediatelg Fo”owing the block of assemblg code we looked
at earlier.

printf("Result = %f\n", a[0]);
Present the result.

return 0;

}

We return a value of 0 and the function main ends. It is traditional to return O if the program
oPeratec] correctlg. This concludes the code tutorial of the neon-test test suite.
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DISCUSSION

Here is where a short discussion needs to
be Placed Some sort of summary about
the broader aPPIication of the tcclﬁnic]ues,
the Place for NEON in signal Proccssing,
and the next steP of our Particular Pro'cct,
which is to add NEON suPPor‘c to FFW%\/‘

|er40in] 3po) 3dunos

In gcncral, does neon-test have techniques
that are commonlg aPPIic& in SIMD cod-
ing? What are the commonlg encountered
SIMD coding techniqucs’?

Whg is NEON intercsting’?

The next steP in our Particular Prcy’ect is to

add NEON suPPort to a software cocling
roject called Fastest Fourier Transform

in the West. This library of routines allows

one to imPlement fast fourier transform.

(&escription) website, title of next docu-

ment in the series. )
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