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2.2 Viterbi
Viterbi 3

(31 [4D)
Viterbi 3

1)
Dist(j,1) = Pi(j) + bProb(j,k(1))

2)

Dist(j t+1) =, :j”f}’]L -2 [Dist(i,t) + aProby(,i)] +bProb(j k(t+1))

3)

‘v —  Mmin f ot (i
Dist'= 1Sj§NDISI(J,T)

DistY = -log(P")
Dist(j,t) =-log(5,())
aProb(j,i) = -log(g;)
bProb(j k(t)) =-log(b;(Oy)
Pi(j) = -log(m)
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Viterbi

5

Dist(j,t+1) = min [{ Dist(j,t) + aProb( j)} , { Dist(j-1,t) + aProb(j j-1)} , { Dist(j-2t) + aProb(j.j-2)} ]

+ bProb(j k(t+1)) 1<t<T U
<j<N
4 SIMD
5 SIMD (8 )
Dist(j t+1) Dist(j-1,t+1) mes Dist(j-6,t+1) Dist(j-7,t+1)
EENE

bProb(j k(t+1))

bProb(j-1,k(t+1))

bProb(j-6,k(t+1))

bProb(j-7,k(t+1))

Min{ Min{ Min{ Min{
Dist(j,t)+a(,j), Dist(j-1,t)+a(j-1,j-1) Dist(j-6,t)+a(j-6,j-6) | Dist(j-7,t)+a(j-7,j-7)
Dist(-1t)+a(j,j-1), | Dist(-2)+a(-1j-2), | wmm | Dist(j-7,)+&(-6,-7), | Dist(j-8,t)+a(j-7,j-8),
Dist(-2,t)+a(j,j-2) | Dist(-3,)+a(-1,-3) Dist(j-8,t)+a(j-6,j-8) | Dist(j-9,t)+a(j-7,j-9)
} } } }
4: SIMD 5
aProb aProb(x,y) ax,y)
7
5 SIMD i (=N,N-1,...,1)
® C++ SIMD (SIMD )
5 SIMD SSE2
for(...)
{
/11 oad variables dist8 1 and dist8 2
sunD = sat_add(dist8[j],a8[j]);
suml = sat_add(dist8 1,a8 1[j]);
sunm? = sat_add(dist8 2,a8 2[j]);
m n0 = sinmd_mn(sun®, si nd_m n(sumt, sunD));
dist8[j] = sat_add(b8[j], m n0);
}
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Viterbi 2
1 3 SIMD C++ SIMD
(SIMD ) Viterbi
6
5 9 Viterbi
1 ObsVect
2. ObsLen (T)
345 aala?z? 3 (aProb)
aProb 1 3 0
(Cvh2 ) 3 0 i 3
aProb(j,j) aProb(j,j-1) aProb(j,j-2) “a
aProb(j j) “al” aProb(j,j-1)
‘a2 aProb(j,j-2)
6. bprob
M
nStates ( 5 )
7. Pi
8. nstates HMM
9. DistBuffer
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obsVect[] ={0,,0,, ... ,O:}

aProb

8

bProb[obsVect[t]][j] = j Vi
(k=0)
5: (bProb)
aProb(j,j) aProb(j,j-1) aProb(j j-2) 3
aProb

a a [J={a}J), &-1j-1), &j-2j-2), ... ;al-nj-n)}; //apProb(,j)
a1 a1f] ={a(jj-1), aj-1j-2), &j-2,j-3), ... ,aj-nj-n-1)}; //aProb(j j-1)
a2 a 2] ={a(j-2), aj-1j-3), &j-2,j-4), ... Aj-nj-n-2)}; //aProb(j j-2)

3
/

SIMD HMM 6
8 SIMD distBuffer Pi aProb bProb
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221
5 SIMD

nmovdga xmm0,
novdqu xmmil,
movdqu xmme,

paddsw xmm0,
paddsw xmmil,
paddsw xm,

pm nsw xm0,
pm nsw xnmmD,

paddsw xmmD,

[ edi +eax]
[ edi +eax+2]
[ edi +teax+4]

[ ebx+eax]
[ ecx+eax]

[ edx+eax]

xnmil
xmm

[ esi +eax]

novdga [ edi +eax], xmmD

16
(movdga ) 8
3 novdqu

//Dist(j-7,t)...Dist(j,t)
[IDist(j-8,t)...Dist(j-1,t), unaligned | oad
[IDist(j-9,t)...Dist(j-2,t), unaligned | oad

/1 Dist8 += aProb8
/IDist8 1 += aProb8 1
/I Dist8 2 += aProb8 2

/1 Dist8=Mn(Di st8,Dist8 1,Dist8 2)

//Dist8 = Dist8 + bProb

HMM
( )
1
1 2 OR
ASM ® C/C++
C/C++ (SIMD )
1.
C++ Viterbi
2. ® Pentium® 11l SIMD (PIVEC GEN)
PIVEC_GEN C/C++ (SIMD ) SIMD
(IVEC) Viterbi
Pentium Il | sl6vec4(4 16
) 64 MMX
MMX SSE
2 2 1
OR (HMM )
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3. ® Pentium® Il SIMD (PIVEQ)
PIVEC | sl6vec4 Viterbi
HMM
(7))
4, ® Pentium® 4 SIMD (WIVEC GEN)
WIVEC GEN CIC++ (SIMD ) Isl6vec8
(8 16 )
Pentium 4 | sl6vec8 XMM
(128 ) SSE2 PIVEC GEN
2
2 1 OR
5. ® Pentium® 4 SIMD (WIVEQ)
WIVEC | sl6vec8
HMM
( 9)
5
Pentium 4 IVEC Pentium
1l IVEC
3
3.1 /
Viterbi AP-569 AP-
811 SSE2
SSE2 SIMD ( 4 8 ) SIMD
SSE2 pmi nsw
pni nsw AP-811 SSE
(2.3.1 )
3
HMM
(7 9 )
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4

SSE2 Viterbi
SSE2

5

C++
Viterb

short const

/1 Si gned 16-
/| OX7TFFF

inline short

{

HMM
SIMD

HMM

Max Shor t = Ox7FFF

bit integers are used. Thus positive nunbers are saturated to

add_with_saturate(short x,

pm nsw

return(((int)x+(int)y > MaxShort) ? MaxShort

inline short

{

m nx(short a, short b)

return((a<b)?a:b);

//functiona

short hmm kernel :: functional (unsi gned int

code

short *a,short *a 1,short *a_ 2, short
short *di stBuffer)

short
short
short
short
short
short
short
short
short

i nt

m nDi st ;

*b = bProb[obsVect[0]];
*di st = distBuffer;
*dist_1 = &distBuffer[1];
*dist 2 = &distBuffer[2];
sum 0O;

sum_1;

sum 2;

m noO;

i = 0;

if (nStates == 0)

01/12/06
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return(0);

[lstep 1: Initialization
for( i =0; i < nStates; i++)
{dist[i] = add_ with_saturate(pi[i],b[i]);}

/1Step 2: Recursion
/ Loop for each observation or obsCount
for(i = 1; i < obsLen; i++)
{
b = bProb[obsVect[i]];

/I OneSt at eLoop
for(int j = 0; j < nStates; |++)

{
sum 0 = add_with_saturate(dist[j+0],a[j]);
sum 1l = add with_saturate(dist_1[j+0],a _1[j]);
sum 2 = add_w th_saturate(dist_2[j+0],a 2[j]);
m n0 = mnx(sum 2, m nx(sum 1, sumO0));
dist[j+0] = add with_saturate(b[]j+0], m n0);

}

/[/Step 3: Termnation

/1 Get M ninmum Di stance

m nDi st = distBuffer[0];
for (i = 1; i<nStates; i++)
{

m nDi st = m nx(m nDist,distBuffer[i]);

return(mnDist);

01/12/06
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6 e Pentiume Il|
SIMD
PIVEC GEN C/IC++ (SIMD ) SIMD
(IVEC) Viterbi Pentium Il
I sl6vec4(4 16 )
64 MM X MM X
SSE 2
2 1 OR (HMM
)
[/ Pentium{R) Il processor - lvec inplenentation - Uses the Stream ng

/1 SI MD Extensions (Generic Optim zation-avoids the store-forwardi ng penalty)
short hmm pi vec_gen: : TheCode(unsi gned i nt *obsVect, int obsLen, short *a,
short *a_ 1,short *a_ 2, short **bProb, short *pi
int nStates, short *distBuffer)

short m nDi st ;
int i =0;

| slévecd *b4 = (1sl6vecd *)(bProb[obsVect[0]]);

| sl6évecd *dist4 = (lsl6vecd4 *) distBuffer;
| slévecd d4, d4next, d4_1, d4_2;
| slévecd *a4d = (lsl6vecd *) a;

| slévecd4 *a4 1 = (lsl6vecd *) a_l1;

| slévecd *a4 2 = (lsl6vecd *) a_ 2;

| slévecd4 sunD, suml, sun®, min0, mnl
| slévecd *pi4 = (lsl6vecd *) pi;

if (nStates == 0)
return(0);

int Pack4States = nStates >> 2;

////ERROR | F LESS THAN 4 STATES OR | F STATES ARE NOT A MULTIPLE OF 4////

01/12/06 18



AP-946 SSE2 Viterbi

/lassert(Pack4States == 0 || (nStates % 4) > 1)
if (Pack4States == 0 || (nStates %4) > 1)
return(-1);

FEETEEEEE bbb bbb e r i

[/Step 1 of Viterbi Algorithm Initialization
for( i =0; i < Pack4States; i++)
{dist4[i] = sat_add(pi4[i],b4[i]);}

/I Loop for each observation or obsCount
for(i = 1; i < obsLen; i++)
{
b4 = (lslévecd4 *)(bProb[obsVect[i]]);

/[IStep 2 of Viterbi Algorithm Recursion
/I Four St at eLoop
for(int j = 0; j < Pack4States; | ++)
{
d4 = dist4[j];
ddnext = dist4[j+1];

d4_1 = ((164vecl)d4 >> 16);

d4 1 | = ((164vecl)ddnext << 48);

d4_2 = ((164vecl)dd >> 32);

d4 2 | = ((164vecl)ddnext << 32);

sumD = sat_add(d4, a4[j]);

suml = sat_add(d4_1,a4 1[j]);

sum? = sat_add(d4_2,a4_2[j]);

m n0 = sinmd_m n(sun®, si nd_m n(suml, sunD) ) ;

dist4[j] = sat_add(b4[j], m n0);

}
[/Step 3 of Viterbi Algorithm Term nation

/1 Get 4 M ninmum Di stances
m n0 = dist4[0];
for(i = 1; i < Pack4States; i++)
{
mMnO = simd_ mn(mnO, dist4[i]);

01/12/06
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/1l Get M ninmum D stance

mnl = (I1sl6vecd4) m pshuf w(m nO, OxOE);
m n0 = sinmd_m n(m n0, mnl);

mnl = (I1sl6vecd4) m pshuf w(m nO, 0x01);
m n0 = sinmd_m n(m n0, mnl);

mnDi st = _mpextrw(mn0, 0);
_menpty();

return(m nDist);

01/12/06
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7 ® Pentiume Il
SIMD
PIVEC | sl6vec4 Viterbi
HMM
[IPentium{R) Il processor - Ivec inplenentation - Uses the Stream ng

/1 SI MD Ext ensi ons (State-Specific Optimzations)
[/ For conparison with the WVEC i npl enentation, this inplenentation is
/lonly optimzed for states that are a nultiple of 8

short hmm pi vec:: TheCode(unsi gned int *obsVect, int obslLen, short *a,
short *a_1,short *a 2, short **bProb, short *pi,
int nStates, short *distBuffer)

short m nDi st ;
int i = 0;

if (nStates == 0)
return(0);

int Pack4States = nStates >> 2;

/111 ERROR | F LESS THAN 4 STATES OR | F STATES ARE NOT A MULTIPLE OF 4////
/lassert(Pack4States == 0 || (nStates % 4) > 1)
if (Pack4States == 0 || (nStates %4) > 1)
return(-1);
[HETEET bbb bbbt rrirrriirnr

| slévecd *b4 = (I1sl6vecd *)(bProb[obsVect[0]]);

| sl6vecd *dist4 = (lslévecd *) distBuffer;

| slévecd d4, d4next, d4_1, d4_2;

| slévecd4 d4 _1st, d4_ 1 1st, d4_2 1st;

| slévecd4 d4_2nd, d4_1 2nd, d4_2 2nd;

| sl6vecd *ad = (lslévecd *) a;

| slévecd *a4 1 = (lsl6vecd *) a_l1;

| slévecd4 *a4 2 = (lsl6vecd *) a_2;

| slévec4 sunD, sunil, sun?, min0, mnl

| slévecd4 sunD _1st, sunil_1st, sunR_1st, minO_1st, mnl 1st;
| slévecd4 sunD_2nd, sunil_2nd, sun_2nd, m nO_2nd, mnl_2nd;

01/12/06

21



AP-946 SSE2 Viterbi

| sl6vecd *pi4 = (lsl6vecd *) pi;

/] For conparison with the WVEC inpl enentation, this inplenentation is
/lonly optimzed for states that are a nultiple of 8
swi tch (Pack4St at es)

{

case 2: //8 States

{

[/stepl: Initialization of 8 states

[/ Optimzation: Do two stores instead of a | oop
d4_1st sat _add(pi 4[0], b4[0]);

d4_2nd sat _add(pi 4[ 1], b4[1]);

[lstep2: Loop

[/ Optimzation: Try to keep the data in the registers by:

/1 Optimzationl: Use only one |loop instead of outer & inner |oop.
/] Optimzation2: There are only 8 states, thus conbining the data

/1 with the third load is unnecessary and has been
/1 comrent ed out .

for( i=1; i < obsLen; i++ )

{

b4 = (1s16vecd *)(bProb[obsVect[i]]);

11111l bo the 1st Packed 4 Distance /111111711
d4_1 1st = ((l64vecl)d4_1st >> 16);

d4 1 1st |= ((l64vecl)d4_2nd << 48);
d4_2 1st = ((l164vecl)d4_1st >> 32);
d4 2 1st |= ((l64vecl)d4_2nd << 32);

sunD_1st = sat_add(d4_1st, a4[0]);
suml_1st = sat_add(d4_1 1st,ad4_1[0]);
sun?_1st = sat_add(d4_2 1st,ad4 2[0]);

m n0_1st simd_mn(sun_1st,sinmd_m n(suml_1st, sunD_1st));
/lstore result of first packed 4 distance
d4_1st = sat_add(b4[ 0], m n0O_1st);

HHrrrrrrrrll bo the 2nd Packed 4 Distance ////11111]

d4 1 2nd = ((!64vecl)d4_2nd >> 16);
/1d4_1 2nd |= ((164vecl)d4 3rd << 48); - not needed in this case
d4 2 2nd = ((164vecl)d4_2nd >> 32);

/1d4 2 2nd | = ((164vecl)dd4 3rd << 32); - not needed in this case

01/12/06 22
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case

sumD_2nd = sat_add(d4_2nd, a4[1]);
suml_2nd = sat_add(d4_1 2nd,ad4_1[1]);
sum?_2nd = sat_add(d4_2 2nd, ad4_2[1]);

m n0_2nd = sind_m n(sun?_2nd, si nd_m n(suml_2nd, sunD_2nd) ) ;
/lstore result of second packed 4 distance
d4_2nd = sat_add(b4[ 1], m n0_2nd);

[/optimzation: No need to use a |oop
[IStep 3 of Viterbi Algorithm Term nation
/1l Get 4 M nimm Di stances

mn0 = sinmd_mn(d4_1st, d4_2nd);

br eak;

4: |//16 States

| sl6vecd4 sunmD _3rd, sunil_3rd, sun2 3rd, minO_3rd, mnl 3rd;
| slévecd sunD_4th, sunl_4th, sunR_4th, mnO_4th, mnl _4th;
| slévecd4 d4 _3rd, d4_ 1 3rd, d4_2 3rd;

| slévecd d4_4th, d4_1 4th, d4_2 4th;

/lstepl: Initialization of 16 states

[/optimzation: No need to use a |oop

d4 _1st = sat_add(pi 4[0], b4[O0]);
d4_2nd = sat_add(pi4[1], b4[1]);
d4 3rd = sat_add(pi4[2], b4[2]);
d4_4th = sat_add(pi4[3], b4[3]);

[lstep2: Loop
/] Optimzationl: Use only one |loop instead of outer & inner |oop.
/1 Optimzation2: There are only 16 states, thus conbining the data

/1 with the fifth load is unnecessary and has been
/1 coment ed out.

for( i=1; i < obsLen; i++)

{

b4 = (l1sl6vecd *)(bProb[obsVect[i]]);

01/12/06 23
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FHrrrrrrrrill bo the 1st Packed 4 Distance ///11111]

d4_1 1st = ((l64vecl)d4_1st >> 16);

d4 1 1st |= ((l64vecl)dd4_2nd << 48);

d4_2 1st = ((l164vecl)d4_1st >> 32);

d4 2 1st |= ((l64vecl)d4_2nd << 32);

sunD_1st = sat_add(d4_1st, a4[0]);

suml_1st = sat_add(d4_1 1st,ad4_1[0]);

sun?_1st = sat_add(d4_2 1st,ad4 2[0]);

m n0_1st = sind_mn(sun®_1st,sind_m n(suml_1st, sunD_1st));

/lstore result of first packed 4 distance
d4_1st = sat_add(b4[ 0], m n0O_1st);

HHrrrrrrrrll bo the 2nd Packed 4 Distance ////11111]

d4_ 1 2nd = ((l64vecl)d4_2nd >> 16);

d4 1 2nd |= ((l64vecl)dd4 _3rd << 48);

d4_ 2 2nd = ((164vecl)d4_2nd >> 32);

d4 2 2nd | = ((164vecl)d4 3rd << 32);

sunD_2nd = sat_add(d4_2nd, a4[1]);

suml_2nd = sat_add(d4_1 2nd,ad4_1[1]);

sun2_2nd = sat_add(d4_2 2nd,ad4_2[1]);

m n0_2nd = sind_m n(sun?_2nd, si nd_m n(suml_2nd, sunD_2nd) ) ;

/lstore result of second packed 4 distance
d4_2nd = sat _add(b4[ 1], mi n0_2nd);

Frrrrrrrrrill bo the 3rd Packed 4 Distance ///11111]

d4_1 3rd = ((l64vecl)d4_3rd >> 16);

d4 1 3rd |= ((164vecl)dd_4th << 48);

d4_ 2 3rd = ((l64vecl)d4_3rd >> 32);

d4 2 3rd |= ((l64vecl)dd_4th << 32);

sunD_3rd = sat_add(d4_3rd, a4[2]);

suml_3rd = sat_add(d4_1 3rd,ad4_1[2]);

sun2_3rd = sat_add(d4_2 3rd,ad4_2[2]);

mn0 _3rd = sind_mn(sun?2_3rd, sind_m n(suml_3rd, sunD_3rd));

/lstore result of first packed 4 distance
d4 3rd = sat_add(b4[ 2], m n0_3rd);

HHrrrrrrrrll bo the 4th Packed 4 Distance ////11111]
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d4_1_4th = ((164vecl)d4_4th >> 16);

/1d4_1 4th |= ((164vecl)d4 5th << 48); - not needed in this case
d4_2_4th = ((164vecl)d4_4th >> 32);

/[1d4_2 4th | = ((I64vecl)d4 _5th << 32); - not needed in this case
sumD_4th = sat_add(d4_4th, a4[3]);

suml_4th = sat_add(d4_1 4th,ad4 _1[3]);

sum?_4th = sat_add(d4_2 4th,ad4_2[3]);

m n0_4th = sind_m n(sun?_4t h, si nd_m n(suml_4t h, sunD_4t h));
/lstore result of second packed 4 distance
d4_4th = sat_add(b4[ 3], m n0_4th);

[/Step 3 of Viterbi Algorithm Term nation
/1 Get 4 M ninmum Di stances

[/optim zation: No need to use a |oop

mn0 = sinmd_mn(d4_1st, d4_2nd);

mn0 = simd_m n(m n0, d4_3rd);

m n0 = sinmd_mn(m n0, d4_4th);

br eak;

}

defaul t:

{

/[IStep 1 of Viterbi Algorithm Initialization
for( i =0; i < Pack4States; i++)
{dist4[i] = sat_add(pi4[i],b4[i]);}

/1 Loop for each observation or obsCount
for(i = 1; i < obsLen; i++)
{
b4 = (lslévecd *)(bProb[obsVect[i]]);

[IStep 2 of Viterbi Al gorithm Recursion
/I Four St at eLoop

for(int j =0; j < Pack4States; j++)
{

d4 = dist4[j];

d4next = dist4[j+1];
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d4 1 = ((I64vecl)dd >> 16);
d4 1 | = ((164vecl)ddnext << 48);
d4 2 = ((I64vecl)dd >> 32);
d4 2 | = ((164vecl)ddnext << 32);

sunD = sat_add(d4, a4[j]);
suml = sat_add(d4_1,a4_1[j]);
sun? = sat_add(d4_2,a4 2[j]);

m n0 = sinmd_m n(sun®, si nd_m n(suml, sunD) ) ;
dist4[j] = sat_add(b4[j], m n0);

}
[/Step 3 of Viterbi Algorithm Term nation

/1 Get 4 M ninmum Di stances
m n0 = dist4[0];

for(i = 1; i < Pack4States; i++)
{
mMnO = simd_ mn(mnO, dist4[i]);
}
br eak;
}
}
/1 Get M ninmum Di stance
[/mn0 =nB nm2 mL nD

mnl = (1sl6vecd4)_m pshufw(m nO, OxO0E); [/mnl = xx xx m8 nP
mnO0 = sinmd_mn(mn0, mnl); [/mn0 = xx xx mL nD
mnl = (1sl6vecd4)_m pshufw(m nO, 0x01); [/Tmnl = xx xx xx ml
mn0 = sinmd_mn(mn0, mnl); [Imn0 = XX XX XX mn
m nDi st = _m pextrw(m n0, 0); [/mnDist = mn
_menmpty();

return(mnDist);
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8 ® Pentiume 4
SIMD
WIVEC_GEN C/C++ (SIMD ) Isl6vec8 (8
16 ) Pentium 4
| sl6vec8 XMM (128
) SSE2 PIVEC GEN
2 2
1 OR
/1 Streami ng SIMD Extensions 2 (SSE2) - Ivec inplenentation (Generic
Qpt i m zati on)
short hmm w vec_gen: : TheCode(unsi gned int *obsVect, int obsLen, short *a,
short *a_1,short *a 2, short **bProb, short *pi
int nStates, short *distBufferl)
{
short m nDi st ;

int i = 0;

| sl6vec8 *b8
| sl6vec8 *dist8
| slévec8 d8, d8next, d8 1, d8 2;

/ltransition probability:

(I'sl6vec8 *)(bProb[obsVect[0]]);
= (lslévec8 *) distBuffer;

to the same state

of nmoving to the next state (to state j-1)

/]l a8 - the prob. of noving back
/1 a8 1 - the prob.
/[l a8 2 - the prob. of noving to state j-2
| sl6vec8 *a8 = (lsl6vec8 *) a;
| sl6vec8 *a8 1 = (Isl6vec8 *) a_l1;
| slévec8 *a8 2 = (lsl6vec8 *) a_ 2;
| slévec8 sunD, sunl, sun?, min0, mnl
| sl6vec8 *pi 8 = (lsl6vec8 *) pi;
if (nStates == 0)
return(0);

int Pack8St at es nStates >> 3;

01/12/06
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/111 ERROR | F LESS THAN 8 STATES OR | F STATES ARE NOT A MULTIPLE OF 8////
/lassert(Pack8States == 0 || (nStates %8) > 1)
if (Pack8States == 0 || (nStates %8) > 1)
return(-1);
FHETEEL PR rriirriirnr

/[IStep 1 of Viterbi Algorithm Initialization
for( i =0; i < Pack8States; i++)
{dist8[i] = sat_add(pi8[i],b8[i]);}

/[IStep 2 of Viterbi Algorithm Recursion
/I Loop for each observation or obsCount
for(i = 1; i < obsLen; i++)
{
b8 = (1s16vec8 *)(bProb[obsVect[i]]);

/I Ei ght St at eLoop
for(int j = 0; j < Pack8States; j++)
{

d8 = dist8[j];

d8next = dist8[j+1];

/I Renove the unaligned | oads by conbining two aligned | oads together
d8_ 1 = (I1sl6vec8) _mmsrli_si128((1128vecl)d8, 2);

d8 1 | = (Isl6vec8) mmslli_si128((1128vecl)d8next, 14);

d8 2 = (Ilsl6vec8) _mmsrli_si128((1128vecl)ds8 ,4);

d8 2 | = (Isl6vec8) mmslli_si128((1128vecl)d8next, 12);

sunD = sat_add(d8, a8[j]);
suml = sat_add(d8_1,a8 1[j]);
sun? = sat_add(d8_2,a8 2[j]);

m n0 = sinmd_mn(sun®, si nd_m n(sumt, sunD) ) ;
dist8[j] = sat_add(b8[j], m n0);

[/Step 3 of Viterbi Algorithm Term nation
/1 Get 8 M ninmum Di stances
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m n0 = dist8[0];

for(i =1; i < Pack8States; i++)
{

mnO = sind_mn(mn0, dist8[i]);
}

/1 Get M ninmum Di stance

/[/mnO =n n6 nb M} nB n2 mL nD

[/mnl = XX XX XX xx n¥ n6 nb mid

/ImMn0 = xx XX XX xx nB m2 nl D

mnl = (1sl6vec8) _mmshuffle_epi 32(m n0, OxE);
m n0 = sinmd_m n(m n0, mnl);

[Imn0 = xx XX xx xx nB n2 mL nD

/Imnl = XX XX XX XX XX XX nB ne

[1mn0 = XX XX XX XX XX XX mlL nD

mnl = (1sl16vec8) _nm shuffl el o_epi 16(m n0O, OXE);
mnO0 = sinmd_mn(mn0, mnl);

/Imn0 = XX XX XX XX XX xx nil nmD

[1mnl = XX XX XX XX XX XX XX ml

/ImMn0 = XX XX XX XX XX XX XX mn

mnl = (1sl6vec8) mm shufflel o _epi 16(m n0, 0x1);
m n0 = sinmd_m n(m n0, mnl);

[/mnDist = mn

m nDi st = _mm extract_epi 16(m n0, 0);

return(m nDist);
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9 ® Pentiume 4
SIMD
WIVEC |sl16vecS8
HMM
5 Pentium 4
IVEC Pentium I IVEC

/1 Stream ng SIMD Extensions 2 (SSE2) - Ivec inplenentation (State-Specific
/1 Optimzations)

short hmm wi vec: : TheCode(unsi gned int *obsVect, int obsLen, short *a,
short *a_ 1,short *a_ 2, short **bProb, short *pi
int nStates, short *distBufferl)

short m nDi st ;
int i =0;

| sl6vec8 *b8 = (I1sl6vec8 *)(bProb[obsVect[0]]);
| sl6vec8 *dist8 = (lsl6vec8 *) distBuffer;
| sl6vec8 d8, d8next, d8 1, d8 2;

| sl6vec8 d8 1st, d8 1 1st, d8 2 1st;
| sl6vec8 sunD_1st, sunl_1st, sunR_1st, mnO_1st, minl_1st;
| slévec8 d8_2nd, d8_1_2nd, d8_2_2nd;
| sl6vec8 sunD_2nd, sunl_2nd, sun_2nd, m nO_2nd, mnl_2nd;
| sl6vec8 d8 3rd, d8 1 3rd, d8 2 3rd;
| sl6vec8 sunD_3rd, sunl _3rd, sunR 3rd, mnO 3rd, mnl 3rd;

//transition probability:

/1l a8 - the prob. of noving back to the sane state

/[l a8 1 - the prob. of nobving to the next state (to state j-1)
/[l a8 2 - the prob. of nobving to state j-2

| sl6vec8 *a8 = (lslévec8 *) a;

| sl6évec8 *a8 1 (Isl6vec8 *) a_1;

| sl6vec8 *a8 2 (I'sl6vec8 *) a 2;

| sl6vec8 sunD, sunil, sun?, mnO, mnl
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Viterbi

| sl6vec8 *pi 8 = (lsl6vec8

if (nStates == 0)
return(0);

int Pack8States = nStates

*) pi;

>> 3

/111 ERROR | F LESS THAN 8 STATES OR | F STATES ARE NOT A MULTIPLE OF 8////

/] assert (Pack8States == 0
if (Pack8States == 0 ||
return(-1);

|| (nStates %8) > 1)

(nStates %8) > 1)

NNy

swi tch (Pack8St at es)
{

case 1:

{
/]stepl:

Initialization of 8 states

[/ Optimzation - renoved | oop

d8_1st = sat_add(pi 8[0],

[lstep2: Loop

/] Optimzation CGoal :
/1 Optimzation 1)
[l Optimzation 2)

b8[ 0]);

Keep all data in registers by:

Use only one | oop instead of inner & outer

No need to conbine data with 2nd | oad.

for( i=1;

{

i < obsLen; i++)

b8 = (1s16vec8 *)(bProb[obsVect[i]]);

11111l bo the 1st Packed 8 Distance /11111111
= (Isl6vec8)_mmsrli_si128((1128vecl)d8 1st, 2);

ds_1_1st

//d8_1_1st

ds_2_1st

/1d8_2_1st

sunD_1st
suml_1st
sun_1st

m n0_1st

| = (Isl6vec8) _mmslli _si128((1128vecl)d8 2nd, 14);

= (Isl6vec8)_mmsrli_si128((1128vecl)d8 1st ,4);

sat _add(d8 _1st, a8[0]);
sat _add(d8_1 1st,a8 1[0]);
= sat _add(d8_2 1st,a8 2[0]);

01/12/06

| = (Isl6vec8) _mmslli _si128((1128vecl)d8 2nd, 12);

simd_mn(sun_1st,sinmd_m n(suml_1st, sunD_1st));

| oop
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case

/lstore result of first packed 8 distance
d8_1st = sat_add(b8[ 0], m n0O_1st);

/[IStep 3 of Viterbi Algorithm Term nation
/1 Get 8 M nimm Di stances

/1 Optimzation: No |oop needed

mn0 = d8_1st;

br eak;

[lstepl: Initialization of 8 states
[/optimzation: renoved | oop

d8_1st sat _add(pi 8[0], b8[0]);
d8_2nd sat _add(pi 8[1], b8[1]);

[lstep2: Loop

[/ Optimzation Goal: Keep all data in registers by:

/1 Optimzation 1) Use only one |loop instead of inner & outer |oop
/1 Optimzation 2) No need to conmbine data with 3rd | oad.

for( i=1; i < obsLen; i++)
{
b8 = (Isl6vec8 *)(bProb[obsVect[i]]);

1110117l bo the 1st Packed 8 Distance /71111111

d8 1 1st = (lsl6vec8) _mmsrli_si128((1128vecl)d8 1st, 2);
d8 1 1st |= (Isl6vec8)_mmslli_si128((1128vecl)d8_2nd, 14);
d8 2 1st = (lsl6vec8) mmsrli_si128((1128vecl)d8 1st ,4);
d8 2 1st |= (Isl6vec8)_mmslli_si128((1128vecl)d8 2nd, 12);
sumD_1st = sat_add(d8_1st, a8[0]);

suml_1st = sat_add(d8_ 1 1st,a8 1[0]);

sunm?_1st = sat_add(d8_2_ 1st, a8 2[0]);

m n0_1st = sind_m n(sun?_1st, sind_m n(suml_1st, sunmD_1st));
/lstore result of first packed 8 distance
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d8 1st = sat_add(b8[ 0], m n0_1st);

[11111111771 Do the 2nd Packed 8 Distance ////11111/

d8_ 1 2nd = (Isl6vec8) _mmsrli_si128((1128vecl)d8_2nd, 2);
/1d8_ 1 2nd | = (lIsl6vec8) mmslli_si128((1128vecl)d8 3rd, 14);
d8 2 2nd = (Ilsl6vec8) _mmsrli_si128((1128vecl)d8_2nd ,4);
/1d8 2 2nd | = (lIsl6vec8) mmslli_si128((1128vecl)d8 3rd, 12);

sunD_2nd sat _add(d8 _2nd, a8[1]);
suml_2nd sat _add(d8_1 2nd, a8 _1[1]);
sun2_2nd = sat_add(d8_2 2nd, a8 2[1]);

m n0_2nd = sind_m n(sun?_2nd, si nd_m n(suml_2nd, sunD_2nd) ) ;
/lstore result of first packed 8 distance
d8 2nd = sat _add(b8[ 1], mi n0_2nd);

[/Step 3 of Viterbi Algorithm Term nation
/1 Get 8 M ninmum Di stances

mn0 = simd_m n(d8_1st, d8_2nd);

br eak;

case 3:

{
[/stepl: Initialization of 8 states
[loptimzation: renoved | oop
d8_1st = sat_add(pi 8[0], b8[0]);
d8_2nd sat _add(pi 8[ 1], b8[1]);
d8_3rd sat _add(pi 8[2], b8[2]);

[lstep2: Loop
/] Optimzation Goal: Attenpt to keep nost data in registers by:
/1 Optimzation 1) Use only one |loop instead of inner & outer | oop
/1 Optimzation 2) No need to conmbine data with 4th | oad.
for( i=1; i < obsLen; i++ )
{
b8 = (Isl6vec8 *)(bProb[obsVect[i]]);

Frrrrrrrrrill bo the 1st Packed 8 Distance ////11111]

d8_1 1st = (lsl6vec8)_mmsrli_si128((1128vecl)d8 1st, 2);
d8 1 1st | = (lsl6vec8) mmslli_si128((1128vecl)d8 2nd, 14);
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d8 2 1st = (lsl6vec8) mmsrli_si128((1128vecl)d8 1st ,4);
d8 2 1st |= (Isl6vec8)_mmslli_si128((1128vecl)d8 _2nd, 12);
sumD_1st = sat_add(d8_1st, a8[0]);

suml_1st = sat_add(d8_1 1st,a8 1[0]);

sunm@_1st = sat_add(d8_2 1st, a8 2[0]);

m n0_1st = sind_m n(sun?_1st, sind_m n(suml_1st, sunD_1st));

/lstore result of first packed 8 distance
d8_1st = sat_add(b8[ 0], m n0O_1st);

[1111111111] Do the 2nd Packed 8 Distance ////11/1]/
d8 1 2nd = (lsl6vec8) _mmsrli_si128((1128vecl)d8 2nd, 2);
d8 1 2nd | = (lsl6vec8) _mmslli_si128((1128vecl)d8_3rd, 14);

d8 2 2nd = (lsl6vec8) mmsrli_si128((1128vecl)d8 2nd , 4);
d8 2 2nd | = (Isl6vec8)_mmslli_si128((1128vecl)d8 3rd, 12);
sumD_2nd = sat_add(d8_2nd, a8[1]);

suml_2nd = sat_add(d8_1 2nd, a8 1[1]);

sum?_2nd = sat_add(d8_2_ 2nd, a8 2[1]);

m n0_2nd = sind_m n(sun?_2nd, si nd_m n(suml_2nd, sunD_2nd) ) ;
/lstore result of first packed 8 distance
d8_2nd = sat_add(b8[ 1], m n0_2nd);

[111111117111 Do the 3rd Packed 8 Distance ///////1]
d8 1 3rd = (lsl6vec8) mmsrli_si128((1128vecl)d8 3rd, 2);
//d8_1 3rd |= (Isl6vec8) _mmslli_si1l28((1128vecl)d8 4th, 14);
d8 2 3rd = (lsl6vec8) mmsrli_si128((1128vecl)d8 3rd ,4);
//d8_2 3rd | = (Isl1l6vec8) _mmslli_si128((1128vecl)d8 4th, 12);

sumD_3rd = sat_add(d8_3rd, a8[2]);
suml_3rd = sat_add(d8_ 1 3rd,a8 1[2]);
sum?_3rd = sat_add(d8_2 3rd, a8 _2[2]);

m n0_3rd = sind_m n(sun?2_3rd, sind_m n(suml_3rd, sunD_3rd));
/lstore result of first packed 8 distance
d8 _3rd = sat_add(b8[ 2], m n0_3rd);

/[IStep 3 of Viterbi Algorithm Term nation
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/1 Get 8 M ninmum Di stances
[/optimzation: renoved | oop
mnO0 = sinmd_mn(d8 1st, d8 2nd);
m n0 = sinmd_mn(nm n0, d8_3rd);

br eak;
}
defaul t:
{
/[IStep 1 of Viterbi Algorithm Initialization
for( i =0; i < Pack8States; i++)

{dist8[i] = sat_add(pi8[i],b8[i]);}

/[I1Step 2 of Viterbi Algorithm Recursion
/I Loop for each observation or obsCount
for(i = 1; i < obsLen; i++)
{
b8 = (1s16vec8 *)(bProb[obsVect[i]]);

/I Ei ght St at eLoop
for(int j = 0; j < Pack8States; j++)
{

d8 = dist8[j];

d8next = dist8[j+1];

/I Renove unal i gned | oads by conbining 2 aligned | oads together

d8 1 = (Isl6vec8)_mmsrli_si128((1128vecl)d8, 2);
d8 1 | = (Isl6vec8) mmslli_si128((1128vecl)d8next, 14);
d8 2 = (Isl6vec8)_mmsrli_si128((1128vecl)d8 ,4);
d8 2 | = (Isl6vec8) mmslli_si128((1128vecl)d8next, 12);
sunD = sat _add(d8, a8[j]);

suml = sat_add(d8_1,a8 1[j]);

sun? = sat_add(d8 2,a8 2[j]);

m n0 = sinmd_m n(sun®, si nd_m n(sumt, sunD));
dist8[j] = sat_add(b8[j], m n0);
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Viterbi

[/Step 3 of Viterbi A gorithm
/1 Get 8 M ninmum Di stances

m n0 = dist8[0];

Term nati on

for(i =1; i < Pack8States; i++)
{

mnO = sind_mn(mn0, dist8[i]);
}
br eak;

/|l Get M ni mum Di st ance

[/mnO =n7 nm6 mb Mt nB n2 mL nD
//mnl = XX XX XX XX nZ m6 nb mi
[Imn0 = xx XX xx xx nB n2 mL nD
mnl = (1sl6vec8) _mmshuffle_epi 32(m n0, OxE);

mnO0 = sinmd_mn(mn0, mnl);

//mn0 = xx xXx XX xx nMB n2 mL nD
//mnl = xx XX XX XX XX xX n8 nR
//mn0 = XX XX XX XX XX XX mL nD

mnl
m n0 = sinmd_m n(m n0, mnl);

[/mn0 = XX XX XX XX XX XX ml nD
/Imnl = XX XX XX XX XX XX XX ml
[1Tmn0 = XX XX XX XX XX XX XX mn
mnl = (1sl16vec8) _nm shufflel o_epi 16(m n0O, 0x1);

mnO0 = sinmd_mn(mn0, mnl);
[/mnDist = mn

m nDi st = mmextract_epi 16(m n0, 0);

return(mnDist);
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A -
2.0 ® Pentium® 4 1.20 GHz 2000 7
1.0 1999 9
1: HMM
(
Pentium Il Pentium 4
(733 MHz) (1.20 GHz)
SSE IVEC(
8 1.09 0.91
16 2.80 2.30
24 6.59 471
32 10.31 8.02
SSEIVEC I I
8 0.63 0.52
16 241 1.69
24 5.99 4.45
32 9.99 7.74
SSE2IVEC I I
8 - 0.68
16 - 1.59
24 - 2.61
32 - 4.40
SSE2IVEC I
8 - 0.41
16 - 1.16
24 - 2.07
32 - 4.41
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2: 1
Pentium 4 SSEIVEC  Pentium Il 1.21-1.42
SSE IVEC
Pentium 4 ( SSE2 IVEC SSE IVEC) 1.26- 215
Pentium 4 SSE2 IVEC  Pentium il 1.53-2.80
SSE IVEC
Pentium 11| 733MHz  Pentium 4 1.20 GHz
A-3
3 4 1 2
Viterbi 4 (
) IVEC C/C++
(SIMD ) SIMD (IVEC) PIVEC
PIVEC GEN SSE WIVEC WIVEC GEN SSE2
4
PIVEC GEN
WIVEC GEN
PIVEC WIVEC HMM HMM
2 1 2 Pentium 111 SSE
IVEC Pentium 4 1.21 142
Pentium 4 SSE SSE2 HMM
1.26 215 SIMD
SSE2 1 2
Pentium Il SSE IVEC Pentium 4
SSE2 IVEC 153 280
SSE2
SSE2 Viterbi
SIMD
pm nsw
HMM
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3: Pentium 1l
Pentium Il 733 MHz
® Desktop Board VC820
BIOS V C82010A.86A.0028.P10
2 256 KB
128 MB RDRAM PC800-45
UltraATA 6.00.012
IBM DINA-371800 ATA-66
Creative Labs 3D Blaster™ Annihilator™ Pro AGP
nVidia GeForce256" DDR —32MB
NVidia 5.22
Windows' 2000 2195
4: Pentium 4
Pentium 4 1.20 GHz
Desktop Board D850GB
BIOS GB85010A.86A.0014.D.0007201756
2 256 KB
128 MB RDRAM PC800-45
UltraATA 6.00.012

IBM DINA-371800 ATA-66

Creative Labs 3D Blaster Annihilator Pro AGP
nVidia GeForce256 DDR -32MB

NVidia 5.22

Windows 2000 2195
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