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Core
• 40-132 MHz Power Architecture™ ISA e200z6 Core

• Integer binary user mode compatible with RCPU (MPC500)
• New SIMD module for DSP and floating point features

Memory
• 2 MB RWW Flash with ECC
• 115K Total SRAM (including cache and eTPU memory)

• 64K Data RAM (including 32K with standby) with ECC
• 32K unified-cache (with line locking)
• 19K for eTPU (16k code & 3k parameters)

I/O
• 88 Timed I/O Channels

• 2 x 32 channel eTPU
• 24 channel eMIOS with unified channels

• 3 x FlexCAN —compatible with TouCAN, 64 buffers each
• 2 x eSCI
• 4 x DSPI 16 bits wide up to 6 chip selects each

• Standard SPI with continuous mode and DMA support
• Pin serialization (similar to PPM)

• 40-Channel Dual ADC —up to 12 bit and up to 1.25ms 
conversions

• 6 queues with triggering and DMA support

System
• FM-PLL
• 64 Channel DMA Controller
• 308 Source Interrupt Controller
• Nexus IEEE-ISTO 5001-2003 Class 3+
• MPC500 Compatible External Bus Interface supporting 

‘classic’ and burst external flash
• 5/3.3V IO, 5V ADC, 3.3V/1.8V bus, 1.5V core (from internal 

regulator controller)
• 416 PBGA package

Boot 
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reg D
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0 31 32 63

rA
2-way 
Parallelism
Only!

rA 0 2

high low

015 47 6316 31 48

31
0 32

1 3 0 2

Half Word Even Half Word Odd

Word



rA

rB

rD
op op

0 31 32 63

evfs*

r3

r4

0 31 32 63

85 46
13 21

77 34

Register File

rA

rB

rD

op op

0 31 32 63

evfs*

r3

r4

r5

add

0 31 32 63

85 46
13 21

77 67

add r5, r3, r4

Classic PowerPC ®: add r5, r3, r4

rA
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rD

op op

0 31 32 63

evfs*
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r4

r5

add

0 31 32 63

85 56
13 21

98 67

evadd r5, r3, r4

add

SPE: evadd r5, r3, r4
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7

Memory

evldw[x]

Big Endian
0 31 32 63

Destination Register

a b c d e f g hevldh[x]

Big Endian
0 31 32 63

Destination Register

a b c d e f g h

evldd[x] Big Endian
0 31 32 63

Destination Register

a b c d e f g h

Double word aligned!!
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as 1 double word, 2 words, or 4 half words
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Destination Register
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Destination Register

Big Endian
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Destination Register
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0 31 32 63

Destination Register

evlwwsplat[x]

evlwhsplat[x]

Word aligned!!

=����;�
���,���
as Word or Half Word



a
b
c
d
e
f
g
h

0
1
2
3

5
4

6
7

Memory

Big Endian0 0 e f 0 0 e f
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Destination Register
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-215 214 213 1. . . 21

MSB LSB

-1 2-1 2-2 2-15. . . 2-14

LSBMSB

16-bit signed integer

data values in range [-215,215)

16-bit fractional

data values in range [-1,1)
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15 31 630 47

Half Word Even (he)

* *

rA

rB

Result

15 31 630 47

Half Word Even Guarded (heg)

*

rA

rB

Result

15 31 630 47

Half Word Odd (ho)

* *

rA

rB

Result

15 31 630 47

Half Word Odd Guarded (hog)

*

rA

rB

Result
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31 630

Word Low (wl)

rA

rB

Temp
*

bits 32-63 bits 32-63 Result

31 630

Word High (wh)

*

rA

rB

Temp
*

bits 0-31 bits 0-31 Result

31 630

Word (w)

*

rA

rB

Result

*0 0 63 6363 00 63

32 32

0 63
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31 630

Update Accumulator (a)

Result from multiply

Destination & 
Accumulator

31 630

Accumulate as Words (aaw/anw)

Result from multiply

Accumulator

Destination & 
Accumulator

± ±

31 630

Accumulate (aa/an)

Result from multiply

Accumulator

Destination & 
Accumulator

±
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15 31 630 47

Half Word Odd (ho)

*

rA

rB

Result

31 630

Accumulate (aaw)

Result from multiply

Accumulator

Destination & 
Accumulator

+

00000020         10000000

0002 4000

0010 4000

15 31 630 47

*

rA

rB

Result

evmhosmiaaw rD, rA, rB

0000000F         F0000000 Accumulator

0000002F        00000000
Destination & 
Accumulator

+

*

+

+

*
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evmergehilo rD,rA, rB

rA

rB

rD

31 630

evmergehi rD,rA, rB

rA

rB

rD

31 630

evmergelo rD,rA, rB

rA

rB

rD

31 630

evmergelohi rD,rA, rB

rA

rB

rD

Useful for moving non-double-word aligned elements into upper half of register.
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op op

0 31 32 63

evfs*

rA

rB

rD

op

0 31 32 63

efs*

rA
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rD

op op

0 31 32 63

evfs*

rA

rB

rD

op op

0 31 32 63

evfs *
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" __ev64_opaque__ o; // can not be initialized

" __ev64_u16__ x = { 32, 65, 2, 2};

" __ev64_s16__ y = { -32, 5, 7, -3 };

" __ev64_u32__ z = { 12, 0x2341 };

" __ev64_s32__ a = { -23, 01024 };

" __ev64_u64__ b = { 234123 };

" __ev64_s64__ c = { -2512341 };

" __ev64_fs__  d = { -2.65, 6.2 };
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_Bool __ev_any_gts (__ev64_opaque__ a, __ev64_opaqu e__ b);

__ev64_opaque__ __ev_select_ltu (a, b, c, d); // (a  < b ? c : d)

__ev64_opaque__ *x;
uint64_t y;
x = &y;

__ev64_opaque__ __ev_lddx (__ev64_opaque__ *p, int3 2_t index);

evaddw rD, rA, rB maps:
__ev64_opaque__ __ev_addw(__ev64_opaque__ a, __ev64 _opaque__ b);

Arithmetic has one-to-one mapping:

Compares handled by predicates:

Load/Store handled by compiler and intrinsics:
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uint16_t a = 3, b = 4;
__ev64_opaque__ x = __ev_create_u16(a, b, 13, 2);

uint32_t x = 4, y;
__ev64_u32__ z = { 3, 1 };

y = __ev_get_upper_u32 (z); // y = 3
z = __ev_set_lower_u32(z, x); // z = {3, 4}

__ev64_u32__ z = {0x01020304, 0x05060708};
uint64_t x = __ev_convert_u64(z); // x = 0x01020304 05060708

Create:

Get/Set:

Convert:
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int main(void) {
volatile uint8_t i,j,k = 0;
uint32_t starttime,endtime,ticdelay,loop_time,unrol led_code_time,asm_code_time[2];

initTBM();

starttime = tic();
endtime = tic();
ticdelay = endtime - starttime;

starttime = tic();

for(i = 0; i < M ; i++){
for(k = 0; k < N ; k++){

for(j = 0; j < P ; j++){
C[i][k] = A[i][j]*B[j][k] + C[i][k];

}
}

}

endtime = tic();
loop_time = endtime - starttime - ticdelay;

. . .
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. . .

starttime = tic();

C[0][0] = A[0][0]*B[0][0] + A[0][1]*B[1][0];
C[0][1] = A[0][0]*B[0][1] + A[0][1]*B[1][1]; 
C[1][0] = A[1][0]*B[0][0] + A[1][1]*B[1][0];
C[1][1] = A[1][0]*B[0][1] + A[1][1]*B[1][1];

endtime = tic();
unrolled_code_time = endtime - starttime - ticdelay;

starttime = tic();
matrix_mult(*A,*B,*C);
endtime = tic();
asm_code_time[0] = endtime - starttime - ticdelay;

}
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void matrix_mult(int16_t * A, int16_t * B, int32_t *C){

asm(evlwwsplat r8,  0(r3));   // load r8  = A[0][0] | A[0][1] | A[0][0] | A[0][1]
asm(evlwhe r9,  0(r4));   // load r9  = B[0][0] | 0x 0000  | B[0][1] | 0x0000
asm(evlwhou r10, 4(r4));   // load r10 = 0x0000  | B [1][0] | 0x0000  | B[1][1]
asm(evor r9, r9, r10);  // load r9  = B[0][0] | B[1] [0] | B[0][1] | B[1][1]

asm(evmhesmia r10, r8,r9);   // A[0][0]*B[0][0] ||A[ 0][0]*B[0][1] 
asm(evmhosmiaaw r10, r8,r9);   // ACCH_HI + A[0][1]* B[1][0] || ACCH_LO + A[0][1]*B[1][1] 
asm(evstdw r10, 0(r5));   // store to C[0][0] and C[ 0][1]

asm(evlwwsplat r11,  4(r3));  // load r11 = A[1][0] | A[1][1] | A[1][0] | A[1][1]
asm(evmhesmia r12, r11,r9);  // A[1][0]*B[0][0] ||A[ 1][0]*B[0][1] 
asm(evmhosmiaaw r12, r11,r9);  // ACCH_HI + A[1][1]* B[1][0] || ACCH_LO + A[1][1]*B[1][1] 
asm(evstdw r12, 8(r5));   // store to C[1][0] and C[ 1][1]

}
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void fir(uint32_t *y, uint32_t n, uint32_t *x, uint 32_t *h)
{

uint32_t i, j;

for(i = 19; i < n+19; i++) {
for (j = 0; j < 20; j++) {

y[i] += h[j] * x[i-j];  
}

}
}

Assumptions:
Pointers are aligned to double word addresses. 
Value n is a multiple of 2.
Initial conditions followed by input sequence in memory. 
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void fir(int16_t *y, uint32_t n, int16_t *x, int16_ t *h)
{   

uint32_t i, j;   
uint64_t zero =0;
__ev64_opaque__ y0, z;
__ev64_opaque__ tap[20];

for(i = 0; i < 20; i++ ) 
tap[i] = __ev_create_s32 ((int32_t) h[i], (int32_t)  h[i]);

for(i = 19; i < n+19; i+=2 ){
__ev_set_acc_u64( zero );  //clear accumulator
for(j = 0; j < 20; j++) 
{

z  = __ev_create_s32((int32_t) x[i-j],(int32_t) x[i +1-j]);
y0  = __ev_mhossiaaw(tap[j], z);         

}
y[i] = __ev_get_upper_u32(y0);
y[i+1] = __ev_get_lower_u32(y0);    

}
}
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Loop code: // 3 cycle load latency 

evlwhou x_01, 0(xptr)       // x(0) | x(1) 

evlwhou x_23, 4(xptr)       // x(2) | x(3) 

evlwhou x_45, 8(xptr)       // x(4) | x(5) 

evlwhou x_67, 12(xptr)      // x(6) | x(7) 

evmhossfa y_N, x_01, h0       // x(0)h(0) | x(1)h(0)

evmergelohi x_12, x_01, x_23    // x(1) | x(2) 
evhossfaaw y_N, x_23, h2       // x(2)h(2)+x(0)h(0) | x(3)h(2)+x(1)h(0)

evmergelohi x_34, x_23, x_45    // x(2) | x(3)
evmhossfaaw y_N, x_12, h1       // x(1)h(1) + x(2)h( 2) + x(0)h(0) | ...

evlwhou x_89, 16(xptr) 
evmhossfaaw y_N, x_45, h4

...

evstwhe y_N, 0(yptr)        // store y(0) and y(1)
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The basic state-dependent Kalman filter equation is:

In the equation above, K is the filter gain and is calculated by:

In this equation, R is the covariance of the measurement noise:

P is the solution of the Riccati equation and will be calculated off-line:

The other variables come from the state-space model of the system (see diagram below):



C�����1����
������


6 ������,
�������
��)-+2����
�+*
J +9K2H&9E+9%C9E'9

6 �����
���
��,
�������
�)�+2�
���
�+*

J .9K2H�9E+9K2�
6 ��#�
��
���,
�������
�)-+-�

���
�+*
J �9K2H&9E�9E&9L%M

6 �����������#�
��
���)�+��
���
�+*

J �9K2H�9E�9K2E�9L%�
6 �����
���
�����������)�+2�

���
�+*
J �9K�H.94.9K2

6 1����
�B��
�)�+-����
�+*
J 19K� H�9K2E�9L E�
#)�9K2*

6 ��������������
J +9K�H+9K2% 19K�E �9K�

6 �,�������������#�
��
���)-+-�
���
�+*

J �9K�H�9K2419K�E�9K2 E19K�L

"  
�����< (�����
	�,��
��
#�
��������
��
�,�
����
��

"  
��
�
	�< 
������
��
#�
�������(�����

Basic Kalman Filter Implementation
Test
Rolled Loop in C * 36068
Unrolled Loop in C * 7120
SPE-optimized assembler 1540
Ratio
C loop vs asm 23.421
C Unrolled vs asm 4.6
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Implementation 2*2 3*3 4*4 5*5 6*6 7*7 8*8 9*9 10*10
Rolled Loop in C * 1984 4092 7011 11109 16634 22786 30409 4 0163 52584
SPE-optimized assembler 81 171 380 590 961 1383 1915 2548 33 04
Ratio
C loop vs. asm 24.49 23.93 18.45 18.83 17.31 16.48 15.88 15 .76 15.92
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Floating Point Implementation 2*2 4*4 6*6 8*8
Test

1 Rolled Loop in C * 1059 7693 26575 59193
2 Unrolled Loop in C * 170 1219 3976 9303
3 SPE-optimized assembler 41 202 651 2100

16 bit Integers Implementation 2*2 4*4 6*6 8*8
Test

1 Rolled Loop in C * 1043 7565 26143 58169
2 Unrolled Loop in C * 161 1185 3913 9185
3 SPE-optimized assembler 37 130 323 633
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