AP-939 SSE2? 3D

SIMD 2(SSE2)
3D

2.0

2000 7

248604J-001

01/12/06 1



AP-939 SSE2?

305-8603
Fax: 0120-47-8832

115

*

Copyright © Intel Corporation 1999, 2000

01/12/06




AP-939 SSE2? 3D

© 00 N o o1 b

21 3D
2.2 3D
2.3 3D
231
232

01/12/06 3



AP-939 SSE2? 3D

2.0 ® pPentium® 4 2000 7

1.0 1999 9

Alan Watt, 3D Computer Graphics 2" Edition, Addison Wes ey, 1993.

James Foley, Andries van Dam, Steven Feiner, John Hughes, Computer Graphics. Principles and
Practice, 2™ Edition, Addison Wesley, 1990.

C++ SMD
693500J 1999

®C/C++ 7419013 1999

SMD 2(SSE2) SAXPY/DAXPY
AP-935 Copyright 2000

01/12/06 4



AP-939 SSE2 3D
1
SIMD 2(SSE2 Streaming SIMD Extensions 2) SIMD(Single
Instruction Multiple Data) IA-32 ®
SIMD
SIMD (SSE) SIMD 128
SIMD 64 SIMD
3D
(3D) /
3D SSE2
128 XMM
SSE2
3D
3D
2 3D
3D 3D
3D
( )
( 3D
4x 1
4x 1 1 )[Watt, 45-49]

01/12/06



AP-939 SSE2? 3D

1. 3D 4x 1

4% 4
2.1 3D
3D 3D

3D

3D
3D
3D CAD (Computer
Aided Design)
2.2 3D
3D
3D 3
17 3D
1960 1970

Computer Graphics: Principles and Practice, 2™ Edition  James Foley, et al [Foley]

01/12/06



AP-939 SSE2 3D
2.3 3D
2
1 (A0S) Xy
n ( 2
)
struct AQOS
{
double x, vy, z, w;
};
AOS Vertex[n];
Xo Yo Zo Wo | X1 Y1 Z1 Wi | X2 Y2
2: (A0S)
2 ( (SoA)
4 2 1 (n X
2 n Y 3 n Z 4 n w
( 3
(Ao0S)
(SoA)
2 SSE2

01/12/06



AP-939 SSE2 3D
struct SOA
{
double x[n], vI[nl, z[n], w[n];
¥
SOA Vertex;
Xo | X1 X2 X3 | Xa | Xs | X6 | X7 | Xg | Xo
Yo Y1 Y2 Y3 Y4 Ys Ys Y7 Ys Yo
Zo | Z1 Z2 Z3 | Za | Zs | Ze Z7 | Zs | Zo
Wo W1 | Wo | W3 | W4 | W5 | We | W7 | Wg | Wy
3 (SoA)
2.3.1
3D XY Z w
W 1.0
XY Z
4 1.0
3D 128 1
2 (SoA) movapd
2 Xo X3
1 (AoS)
movhpd mov lpd 2
Xo Xy
SoA A0S
A0S
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2.3.2
3D XY z 4
Xy z w'
1
4

movapd  xmmoO, [ebx+eax] ; load x+1|x
movapd  xmml, [esi+0] ; load m00|mO0
mulpd xmml, xmmO
movapd  xmm2, [ecx+eax] ; load y+1ly
movapd  Xxmmg3, [esi+16] ; load m01|mO1
mulpd Xxmm3, xmm?2
movapd  xmmd4, [edx+eax] ; load z+1jz
movapd  xmmb, [esi+32] ; load m02|m02
mulpd Xxmm>5, xmmé4
addpd xmm3, xmml
movapd  xmm7, [esi+48] ; load mO3|m03
addpd Xxmm>5, xmm3
addpd Xxmm7, xmmb5
movapd  [ebx+eax], xmm? ; store (x+1)'|x'

/¥ X,y, and z values are still availablein their original registers*/

movapd  xmml, [esi+64] ; load m10jm10
mulpd xmml, xmmO
movapd  xmmg3, [esi+80] ; load m11jm11l
mulpd Xxmm3, xmm?2

XY z
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address-of (&)

address-of

(5 )

AOS vertex[n];
for (i = 0; 1 < nj; I++)

{
~ ml128d tx, mOO;
t@ = _mm_load pd(tx, &(vertex[i]-x));
mo00 = mm_load_pd(m00, &(Matrix->m00));
mo0 = _mm_mul_pd(m00, tx);
};
5. address-of (&)

double _ ml28d

A0S A0S

address-of
address-of

SoA

AOS vertex[n];
_m128d *V = vertex;
_ . ml1l28d *M = Matrix;
for (i = 0; 1 < nj; I++)
{
_m128d mOO0;
mO00 = _mm_mul_pd(M[O0], VLi]);
};

6: _ ml28d
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C\C++
C\C++

SSE2

3.1

SoA

SoA

7SSE2

C++
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3D
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SIMD

C++
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SIMD
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C++
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%

3.2
SoA

SoA

SoA

struct Hybrid_SOA

{
double x[2]., vI[21., z[2]1., w[2];

Hybrid_SOA Vertex[n/2];

7: SoA
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(A0S) (SoA) SSE2
3D
SoA SSE2 A0S
SSE2 (

SSE2
SSE2

SSE2
SIMD C++ C++
3D

01/12/06



AP-939 SSE2?

3D

5 C/C++

struct Matrix

{

DBL nDO, nD1,
DBL mlO, i1,
DBL n20, n21,
DBL nB80, nB1,

} M4,

struct Soa

{
DBL *x,

nd2,
nm2,
ne2,
n82,

Y, *z, *w

void Initialize()

{

S N < X
I

}

nD3;
m.3;
n23;
nB3;

_mm rmal | oc( NUM ELEMENTS* si zeof (DBL) ,
_mm mal | oc( NUM_ELEMENTS* si zeof ( DBL) ,
_mm rmal | oc( NUM ELEMENTS* si zeof (DBL) ,
_mm mal | oc( NUM_ELEMENTS* si zeof ( DBL) ,

} SOA Vertex;

__decl spec(align(32))

struct Aos

{
DBL X,

yy Zy

W,

} AGCS_Vert ex| NUM ELEMENTS] ;

int ACS _Transform ()

< |l engt h;

i ++)

32);
32);
32);
32);

tx = MA4->nmD0*vertex[i].x + Mi4->nDl*vertex[i].y + Mi4->nmD2*vertex[i].z

ty = MA4->mlO*vertex[i].x + Mid->nll*vertex[i].y + Mi4->nll2*vertex[i].z

tz = MA4->nmR0*vertex[i].x + Mi4->nRl*vertex[i].y + Mi4->mR2*vertex[i].z

{
Aos *vertex = AOS Vert ex;
for (int i=0; i
{
DBL tx, ty, tz, tw
+ Md4->n03;
+ M44->ml3;
+ Md4->n23;

01/12/06
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tw = MA4->nmBO0*vertex[i].x + Mi4->nBl*vertex[i].y + MI4->nB2*vertex[i].z

+ M44->nB3;

vertex[i].x = tx; vertex[i].y = ty; vertex[i].z = tz; vertex[i].w=1tw

}
}
int SOA Transform))
{
for (int i=0; i < length; i++)
{
DBL tx, ty, tz, tw
tx = MA4->nD0*SOA Vertex.x[i] + MA4->nD1*SOA Vertex.y[i] +
M44- >nD2* SOA Vertex. z[i] + Mi4->n03;
ty = MA4->ml0*SOA Vertex.x[i] + MA4->nmll1*SOA Vertex.y[i] +
Ma4- >ml2* SOA Vertex.z[i] + Mi4->ml3;
tz = MA4->nR0*SOA Vertex.x[i] + Mi4->nR1*SOA Vertex.y[i] +
Ma4- >nR2* SOA Vertex. z[i] + Mi4->nR3;
tw = MA4->nB0*SOA Vertex.x[i] + Mi4->nB1*SOA Vertex.y[i] +
Ma4- >nB82* SOA Vertex.z[i] + Mi4->n83;
SOA Vertex.x[i] = tx; SOA Vertex.y[i] = ty; SOA Vertex.z[i] = tz;
SOA Vertex.wWi] =tw
}
}

01/12/06
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6 SSE2 C++

struct Wvatri x
{

uni on

{

struct

{
DBL n0D0, n0Op, nD1, nDlp, n02, nD2p, nO3, nO3p;
DBL nl0, nmlOp, nil, nmilp, nl2, nmi2p, i3, nmi3p;
DBL n20, n20p, n2l, nRlp, n22, n22p, nR3, ne3p;
DBL n80, n80p, n81, nBlp, nB82, n82p, nB3, nB3p;

b
struct
{
_ml28d dnDO, dnD1, dnD2, dnD3;
_ ml28d dml0, dmll, dml2, dml3;
__ml28d dnR0, dn2l, dn22, dn23;
__mi28d dnBO, dnB1, dnB2, dnB3;
I
b
} W4,

int Vectord ass_SOA()

{

F64vec2 *x = SOA Vertex.Xx; F64vec2 *y = SOA Vertex.y, F64vec2 *z =
SOA Vertex. z;

F64vec2 *w = SCA Vertex.w, F64vec2 *W = W44,

for (int i=0; i < length/2; i++)

{
F64vec2 tx, ty, tz, tw
tx = x[i] * WMO] + y[i] * W1] + z[i] * WM2] + W[3];
ty = x[i] * WM4] + y[i] * W5] + z[i] * W6] + W[7];
tz = x[i] * WM8] +y[i] * W[9] + z[i] * W[10] + WM 11];
tw = x[i] * W12] + y[i] * W[13] + z[i] * WM 14] + WM 15];
x[1] =tx; y[i] =ty; z[i] =tz; Wi] =tw

}

return EXI T_SUCCESS;
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7 SSE2

int ACS Intrinsics()

{
DBL *vertex = AOS Vertex;

for (int i=0; i < length; i+=2)
{

_ nml28dtx, ty, tz, tw

_ m28dnx0, nx1, nmx2, nx3;

/1 Conmpute (x) and (x+1)

t x _mm | oadl _pd(tx, vertex+i *4+0);
tx _mm | oadh_pd(tx, vertex+i *4+4);
nkO = mmnmul _pd(tx, W« >dn00);

ty _mm | oadl _pd(ty, vertex+i *4+1);
ty _mm | oadh_pd(ty, vertex+i *4+5);
nkl = mmnmul _pd(ty, W« >dn01);

tz = _mmloadl pd(tz, vertex+i *4+2);
tz = _mml oadh_pd(tz, vertex+i *4+6);
nk2 = _mmnmul_pd(tz, W >dn02);

nkO = _mm add_pd(nmx0, _nm add_pd(nmx1, _nm add_pd(nx2, W >dn03)));
_mm storel _pd(vertex+i *4+0, nxO0);
_mm storeh_pd(vertex+i *4+4, nxO0);

/1 Conpute (y) and (y+1)
nkO = mmnmul _pd(tx, W« >dnilO);

nkl = mmnmul _pd(ty, WV >dnill);
nk2 = _mmnmul _pd(tz, W >dnl2);
nkO = _mm add_pd(nmx0, _nm add_pd(nx1, _nm add_pd(nx2, W >dnl3)));

_mmstorel _pd(vertex+i *4+1, nx0);
_mm storeh_pd(vertex+i *4+5, nx0);

/] Conpute (z) and (z+1)

nkO = mmnmul _pd(tx, W« >dnR0);
nkl = mmnmul _pd(ty, WV >dnRl);
nk2 = _mmnmul_pd(tz, W >dnR2);
nkO = _mm add_pd(nmx0, _nm add_pd(nx1, _nm add_pd(nx2, W >dnR3)));

_mm storel _pd(vertex+i *4+2, nxO0);
_mm storeh_pd(vertex+i *4+6, nxO0);
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/1 Conmpute (w) and (w+l)

nkO = mmnul _pd(tx, W« >dnB0);

nkl = mmnmul _pd(ty, WV >dnB1);

nk2 = _mmnmul _pd(tz, W >dnB2);

mkO= _mm add_pd(nmx0, _mm add_pd(mnmx1l, _mm add_pd(mx2, Wv>dnB3)));
_mm storel _pd(vertex+i *4+3, nx0);

_mm storeh_pd(vertex+i *4+7, nx0);

int SOA Intrinsics()

{
Soa vertex = SOA Vertex;

for (int i=0; i < length; i+=2)
{

_ nml28dtx, ty, tz, tw

_ m28dnx0, nx1, nmx2, nx3;

/1 Conmpute (x) and (x+1)

tx = _nmml oad_pd(vertex.x+i);
nmkO = _mmnul _pd(tx, W« >dn00);
ty = _nmml oad _pd(vertex.y+i);
nkl = mmnmul_pd(ty, W >dn01);
tz = _mmload _pd(vertex.z+i);
nk2 = _mmnmul _pd(tz, W >dn02);

nkO0 = mm add_pd(mx0, _nm add pd(nx1, _nm add pd(nx2, W« >dn03)));
_mm store_pd(vertex. x+i, nmx0);

/1 Conpute (y) and (y+1)

nkO = mmnnul _pd(tx, W« >dnilO);
nkl = mmnmul _pd(ty, WV >dnill);
nk2 = _mmnmul_pd(tz, W >dnl2);
nkO = _mm add_pd(nmx0, _nm add_pd(nx1, _nm add_pd(nx2, W >dnl3)));

_mm store_pd(vertex.y+i, nmxO0);

/1 Conpute (z) and (z+1)

nkO = _mm nul _pd(tx, W« >dnR0);
nkl = mmnmul _pd(ty, WV >dnRl);
nk2 = _mmnmul _pd(tz, W >dnR2);
nkO0 = mm add_pd(mx0, _nm add pd(nx1, _nm add pd(nx2, W« >dnR3)));

01/12/06 18
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_mm store_pd(vertex.z+i, nmxO0);

/1 Conpute (w) and (w+l)

nkO = _mmnul _pd(tx, W« >dnBO0);

nkl = mmnmul _pd(ty, WV >dnB1l);

nk2 = _mmnmul _pd(tz, W >dnB2);

nk0= _mm add_pd(nmx0, _mm add_pd(mx1l, _mm add_pd(nm2, Ww>dnB83)));
_mm store_pd(vertex.wti, nxO0);

01/12/06
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8 SSE2
int ACS_Asm()
{
int len = Ilength;

LOOP:

Aos *vertex = AOS Vertex;
Wvatrix *VWM = W44,

__asm
{
xor eax, eax
nov edi, len
i mul edi, 32
sub edi, 8
nov ecx, vertex
nov edx, W
cnp eax, edi
j ge END LOOP

/1 Conmpute (x) and (x+1)
novl pd xmD, [ ecx+eax+0]
movhpd xmD, [ecx+eax+32]
novapd xmml, [ edx+0]

mul pd xmml,  xnmD

nmovl pd xm2, [ ecx+eax+8]
novhpd xmm2, [ecx+eax+40]
novapd xmB, [ edx+16]
nmul pd xmB,  xmR

nmovl pd xmmd, [ ecx+eax+16]
novhpd xmmi, [ecx+eax+48]
nmovapd xmb, [ edx+32]

nmul pd xmb,  xnmd

addpd xmmB,  xmml

novapd xm/, [ edx+48]
addpd xmrb,  xmmB

addpd xmv/,  xnmmb

nmovl pd [ ecx+eax+0], xmv

novhpd [ecx+eax+32], xmv

; load x+1|x

; 1 oad nDO| nDO

; load y+l|y

; load n0l1| nD1

; load z+1|z

; load nmD2| nD2

; load nD3| nD3

; store X
; store (X+1)'

01/12/06
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/*x, y, and z values are still available in their origina
elimnate increased | oad port usage */

/1 Conpute (y) and (y+1)

novapd xmml, [ edx+64] ; load mlO| nil0O
nmul pd xmml, xmmD

novapd xmB, [ edx+80] ; load mll| nll
nmul pd xmB, xmR

novapd xmb, [ edx+96] ; load ml2| nl2
nmul pd xmb, xnmd

addpd xmB,  xnml

novapd xmv/, [edx+112] ; load ml3| m3
addpd xmb,  xmmB

addpd xmv,  xmmb

nmovl pd [ ecx+eax+8], xmv ; Sstore Y
novhpd [ecx+eax+40], xmv ; store (Y+1)'

/*x, y, and z values are still available in their origina

elimnate increased | oad port usage */
/1 Conpute (z) and (z+1)

novapd xmml, [ edx+128] ; 1 oad nR0| n20
mul pd xmml,  xnmD

novapd xmB, [ edx+144] ; load nRl| n2l
mul pd xmB, xR

novapd xmb, [ edx+160] ; load nR2| n22
mul pd xmb,  xnmd

addpd xmB,  xmml

novapd xm/, [ edx+176] ; load nmR23| n23
addpd xmb, xmmB

addpd xmm/,  xnmb

novl pd [ ecx+eax+16], xmv ; store Z
movhpd [ecx+eax+48], xmv ; Store (Z+1)'

/*x, y, and z values are still available in their origina

elimnate increased | oad port usage */
/1 Conpute (w) and (w+l)

novapd xmml, [edx+192] ; 1 oad n80| nB80
nmul pd xmil, xmmD
novapd xmB, [ edx+208] ; load nB81| n81
nmul pd xmB, xR
novapd xmb, [ edx+224] ; | oad nB2| n82
nmul pd xmb,  xnmd
addpd xmB,  xmml
novapd xm/, [ edx+240] ; load nB83| nB3
addpd xmb, xmmB

01/12/06
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addpd

xmv,

xnmb

nmovl pd [ ecx+eax+24], xmv
novhpd [ecx+eax+56], xmv

; store W
; store (W1)'

add eax,
jm LOOP
END_LQOOP:
}
}
int SOA Asm()
{
int len = 1ength*8§;
Soa vertex = SOA Vertex;
Wvatrix *WM = W44,
asm
xor eax, eax
nov ebx, vertex.x
nov ecx, vertex.y
nov edx, vertex.z
nov edi, vertex.w
nov esi, W
LOOP
cnp eax, len

j ge END_LOOP

/1 Conpute (x) and (x+1)

novapd xmD, [ ebx+eax]
nmovapd xmml, [ esi+0]
nmul pd xmml,  xnmmD
nmovapd xmR, [ ecx+eax]
novapd xmB, [esi+16]
mul pd xmB, xR
novapd xmmd, [ edx+eax]
nmovapd xmb,  [esi +32]
mul pd xmb,  xnmd
addpd xmB,  xnmml
novapd xmv/, [ esi +48]
addpd xmb, xmmB

01/12/06

| oad
| oad

| oad
| oad

| oad
| oad

| oad

X+1| x
n00| D0

y+1l|y
no1| mo1

z+1| z
n02| nD2

n03| n03
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addpd
novapd

/*x, y, and z values are still
elimnate increased | oad port usage */

xmv, xnmb

[ ebx+eax],

xnmmv

/1 Conpute (y) and (y+1)
xmrl, [ esi +64]

novapd
mul pd
novapd
mul pd
novapd
mul pd
addpd
novapd
addpd
addpd
novapd

/*x, y, and z values are still
elimnate increased | oad port usage */

xmil,  xmmD
xmB, [esi +80]
XmrB, xmm2
xmb, [ esi +96]
Xmrb, xmmi
xmmB, xmil
xmv, [esi+112]
xmb, xmmB
xmv, xmb

[ ecx+eax],

xmmv

/1 Conpute (z) and (z+1)
xmml, [ esi+128]

novapd
mul pd
novapd
mul pd
novapd
mul pd
addpd
novapd
addpd
addpd
novapd

[*x, y, and z values are still
elimnate increased | oad port usage */

xmmv

xml,  xmmD
xmB, [ esi +144]
xmB, xm2
xmb, [ esi +160]
xmb, xmd
xmB,  xnmi
xm/, [ esi +176]
xmb,  xnmmB
xmv, xmmb

[ edx+eax],

/1 Conpute (w) and (w+l)
xml, [esi+192]

novapd
nmul pd
novapd
nmul pd
novapd
nmul pd
addpd
novapd

xml, xmmD
xmB, [esi +208]
xmB,  xmmR
Xmb, [ esi+224]
xmb, xmmd
xmrB, xmmil

xm/, [ esi +240]

avai | abl

avai | abl

store (x+1)'|x'

; load mlO| mO

; load mil] m1

; load ml2| m2

; load ml3| nl3

; store (y+1)']y'

; 1 oad nR0| n20

; load nRl| n2l

; load nR2| n22

| oad n23| m23

; store (z+1)']|z'

; 1 oad nB0| nBO

; load nB81l| nB1

; load nB2| nB2

; | oad nB3| nB83

01/12/06
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addpd
addpd
novapd

add

jmp
END_LOOP:

Xmb, xm®B
Xxmv/, xnmmb
[ edi +eax], xmmv

eax, 16
LOOP

; store (w+l)'|w

01/12/06
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int VecACS ()

{

Aos *vertex = AOS Vertex;
int loc_length = |ength;
doubl e MO0 = M44->n00, nD1 = M44->nD1, nD2 = M44->nD2, nD3 = Md4->nD3,

ml0 = M44->ml0, nll = MA4->mll, nl2 = MA4->ml2, nl3 = MA4->ml3,
n20 = Mi4->nR0, nRl = MA4->nmRl, nR2 = MA4->nmR2, nR3 = Mi4->nR3,
nB0 = Mi4->nB0, nB1 = MA4->nBl, nB2 = MA4->nB2, nB3 = Mi4->nB3;

#pragnma i vdep

#pragma vector aligned

for (int i=0; i < loc_length; i++)

{
DBL tx, ty, tz, tw
tx = nDO*vertex[i].x + nOl*vertex[i].y + nD2*vertex[i].z + nD3;
ty = mlO*vertex[i].x + mll*vertex[i].y + ml2*vertex[i].z + ml3;
tz = nRO*vertex[i].x + nmRl*vertex[i].y + nR2*vertex[i].z + nR3;
tw = nBO*vertex[i].x + mBl*vertex[i].y + nmB2*vertex[i].z + nBS3;

vertex[i].x = tx; vertex[i].y =ty; vertex[i].z = tz;
vertex[i].w=tw

return EXI T_SUCCESS;

01/12/06

25



AP-939 SSE2? 3D

int VecSQA ()

{

int loc_length = |ength;

doubl e M0 = M44->n00, nD1l = MA4->nD1, nD2 = MA4->nD2, nD3 = Mi4->n03,
ml0 = MA4->ml0, nill = MA4->nmll, nml2 = MA4->nl2, ml3 = Mi4->nl3,
n20 = Md4->nR0, nRl1 = Md4->nRl, nR2 = Md4->nP2, nR3 M44- >nP3,
n80 = M44->nB0, nBl = M44->nB1, nB2 = Mi4->nB2, nB3 M44- >nB3;

double *x = SOA Vertex.x, *y = SOA Vertex.y, *z = SOA Vertex. z,

*w = SOA Vertex.w,

#pragma i vdep
#pragm vector aligned

for (int i=0; i < loc_length; i++)

{
DBL tx, ty, tz, tw
tx = nDO*x[i] + nmD1l*y[i] + nD2*z[i] + nD3;
ty = nlO*x[i] + nmll*y[i] + ml2*z[i] + ml3;
tz = nRO*x[i] + nmR1l*y[i] + nR2*z[i] + nR3;
tw = nBO*x[i] + nBl*y[i] + nmB2*z[i] + nB3;
x[i] = tx;
yli] =ty;
z[i] = tz;
Wil =tw

return EXI T_SUCCESS;
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A -
2.0 Pentium® 4 1.20 GHz 2000 7
1.0 1999 9
1: 3D
(nsec )
Pentium® 11| Pentium 4
(733 MHz) (1.2 GHz)
60.1 29.9
63.3 324
SSE2 AOS 18.5
SSE2 SOA 14.6
SSE2 SOA 15.4
SSE2 AOS 194
SSE2 SOA 16.1
SSE2 AOS 194
SSE2 SOA 13.7
2: 1
Pentium 4 ( SSE2SOA C AQS) 2.18
Pentium 4 C AOS  Pentium Il Cc | 201
AOS
Pentium 111 733MHz  Pentium4 1.20 GHz
A-3
1 ( )
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3: Pentium 1l
Pentium Il 733MHz
® Desktop Board VC820
BIOS V C82010A.86A.0028.P10
2 256K B
128 MB RDRAM PC800-45
UltraATA 6.00.012
IBM DJNA-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 256K B
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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