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Embedded System Design Dilemma

COMPUTE
PERFORMANCE

SYSTEM TIME-TO-MARKET
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Solving Compute Intensive Problems

Processor with embedded
programmable logic
Lots of compute resources

Utilize fabric by extending the ISA
Design your own FU

32-BIT RISC PROCESSOR Add processor state

Ly | Simple programming model

Issue instructions to perform
computation

: : b E N

CONTROL ey 1 :

Tailored for high-throughput
applications
Compute intensive
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Compute Intensive Markets & Applications

» Sonar/Radar » Broadcast Equipment
+ Biometrics e&ca‘ EleCtro . “etworking° Audio Studio

e Ultrasound

* Encryption/Decryption
* Network Security

¢ Printers
« Scanners
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RGB — YC,C,

Color Conversion Function:

SE_FUNC I* Tells Stretch C-Compiler to reduce this function to an instruction */
Void RGB2YCBCR (WR A, WR *B) {

char Y[4], Cb[4], Cr[4];

char R[4], G[4], B[4];

R[0] = A(23,16); G[O] = A(15,8); B[0] = A(7,0);
/* and so on. . . */

for (i = 0; i < 4; i++) {

Y[i] = (77*R[i] + 150*G[i] + 29*B[i]) >> 8;
Cb[i] = (32768 - 43*R[i] - 85*G[i] + (B[i] << 7)) >> 9;
Cr[i] = (32768 + (R[i] << 7) - 107*G[i] - 21*B[i]) >> 9;

}
*B = (Y[3],Cr[3]+Cr[2],Y[2],Cb[3]+Cb[2],Y[1],Cr[1]+Cr[0],Y[0],Cb[1]+CbL[O]) ;

}

Program Loop:

for (..) {
WRGETO (&A, 12); /* Load 12 bytes (4 RGB pixels) */
RGB2YCBCR (A, &B); /* Convert 4 pixels *x/
WRPUTO (B, 8); /* Store 8 bytes (4 YCbCr pixels */

}
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Programming Flow

APPLICATION ANNOTATED
CACE+ C/CH+
T
e A
"H

Designer R ~ Stretch '\
C-Compiler,

EXECUTABLE
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evelopment & Debug

tretch IDE - helloworld-xtensa.exe [break] - P:\tmp\testihellowor!
File Edt Yiew Debug Preferences Window Help
Programmers develop & e a s
g » [ ] = (=
. arn void ~ R |
debug using familiar tools it ol i —
o Sl SRt [4) unsigned
chezibadie lo 0] 0412348678 unsigned nt
Ghar *bada0’ = &bad: [1] 0x30abedef unsigned int
char good = 'b'; [2] Oxdeadbeef unsigned int
char *gooda = &good: [3] Oxfeedbabe unsigned int
float badb = a; aval  Dsfeedbabedeadb... WR
void xbadp = &badb: ®-heyyou {..} struct hey
F St r I I u I printf("Hello World! (%d)\n", a):
g y void
}Eellustageﬂ(lnt a. int b) Tocas. achn
hellostagel (a+b); x||
hellostagel(a+h):
hellostagel(a+b): Address: v Update
; ea
OxD7FFFEA0 00 00 00 00 00 00 00 ~
int OxD7FFFEA7 12 34 45 34 53 53 45
O acce era e a p pS ° ’{“a“‘() OXD7FFFEAE 00 00 00 00 00 00 00
unsigned int _ attribute  ((aligned (16))) abuff[4] = { 0x12345678, Ox90abedef. UADZERTEDS: 00 Diigddy, 3L aubi00
. . UR aval: 0xD?FFFEEC 00 00 00 00 Ob 00 00
struct hey heyyou: OxD7FFFEC3 00 00 &2 21
WI I n re C 0xDFFFFECA 00 00 00 00 00 00 00
heyyou.one = 1: 0xD7FFFED1 00 00 00 00 00 00 00
heyyou.two = 2.0; . 0xD7FFFEDS 00 00 00 00 00 00 00
Kgéixﬁgéﬁyzozhg;x &(abuff[0]). 0): 0xD7FFFEDF 00 00 00 00 00 00 00
WRAL1281(aval, &(abuff[0]). 0): 0xD7FFFEE6 00 00 00 00 00 00 00 3
D  hellostaged(5, 6): ¥1| Memory 1
< >
H helloworld.c: 14 hellostageT int &) Frame | Name Address File
O a r Wa re e S I n helonorkd.o:30: helostagelasb © 0 helostagelfa=11) 04000074 helloworld.c:16
helloworld.c:31: hellostage1 (a+b):
helloworld. 32 hellostage(a+bl: 1 hellostageQ{a=5,b=6) 0:d0000cd4  helloworld.:30
. . B 2 manl 0xd0000d38  helloworld.c:47
experience required!
- LS — >
Find Results | Output | Debugger | CallStack | Breakpoints | Watchpaints
Line 47 Col 1
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S5 Datapath and Key Parameters

Wide Register File
32 128-bit entries

D-Cache Load/store unit

128-bit load/store

Auto increment/decrement
Immediate, indirect,
circular

Variable-byte load/store
Variable-bit load/store

lﬁs‘rlou §E1'
ExTension Fasric \
*  ISEF

3 inputs and 2 outputs
0000000000000 00000000000 X Plpellned, Interlocked

RISC Processor 3? 1§-bit MACs gnd 25§ AI__Us
Tensilica — Xtensa V Bit-sliced for arbitrary bit-width

32 KB | & D Cache Allow pontrol logic
On-Chip Memory, MMU Allow internal processor state

24 Channels of DMA, FPU
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S5 Pipeline

Standard 5-stage RISC pipeline
Extension instruction may be
much longer

Fully pipelined
Compiler schedules all
instructions

Hardware interlocks ensure
correctness

Instruction groups subdivided by
use/def requirements

Interlocks driven by config table
in Instruction Unit
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Pipeline Schedule

LD 1

LD n+2

OP n

STn-4

LD n+3

OP n+1

Initiation
Interval | =

STn-3

Steady
state

Extension Instructions may have
different latencies
Initiation interval of El a function of:
ISEF clock ratio
WR and state use/def
Statically scheduled
Pipeline behavior is completely
known at compile time
Optimal schedule typically has
initiation interval > 1
No performance penalty for lower
clock rate!

© 2005 Stretch Inc. All rights reserved.

Stretch



ISEF Architecture

Array of 64-bit ALUs
May be broken at 4-bit or 1-bit boundaries
Conditional ALU operation: ¥ = C ? (A op, B) : (A op, B)
Registers to implement state, pipelining

Array of 4x8 multipliers, cascadable to 32x32
Programmable pipelining
Programmable routing fabric
Execution clock divided from processor clock: 1:1, 1:2, 1:3, 1:4
Up to 16 instructions per ISEF configuration
Many configurations per executable
Reconfiguration
User directed or on demand
<100 usec for complete reconfiguration

e

Routing Fabric Routing Fabric Routing Fabric
ISEF Block ISEF Block ISEF Block
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Dynamic ISEF Configuration

Two ISEFs
Wide Register File Each holds up to 16 instructions

Configured via system bus
Managed by DMA
Independently configurable

(=) (=)

g K —

< [SEF-A < |SEF-B On-Demand Configuration

21 , L. Auto managed by HW and OS
T T Handled like cache miss
Config|Port Configuration Preloading

Managed by application
Handled like instruction pre-fetch

System Bus

Task ; m
Config | |

On-Demand Configuration Configuration Preloading

Y
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RGB2YCbCr: SCP Instruction Efficiency
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Flexibility in FIR Implementations

.=

16-MACs/Cycle

ceees’/

X
Flexibility to trade-off ISEF usage

vs. compute speed
Wide Load & Stores feed the

Up to 32-MAC/Cycle
compute array
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Summary

C/C++ Programmers can tailor the processor for their application
Continue to develop & debug in a familiar environment (IDE/gdb)

Application-specific instruction provide 10-100X speedup
Modest porting effort

C/C++ programmers can easily design high-performance systems
Enabling a new system design methodology
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