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TIE does not stand alone
Part of the Xtensa Configurable Processor Concept

Complete Hardware Design
- I B?Sﬁ P:oce?ior - Pre-verified
xample controller templates :
g g lterate in EDART'—_ :
_verifi - minutes! SCripts
Pre-verified Options - > Tast slite
Off-the-shelf DSPs, Interfaces,
Peripherals, Debug, etc.

orocossor Every Tensilica processor
Generator shares the same base
Xtensa instruction set

Application Based d
Choose a processor template Advanced Software Tools
. IDE
Optional Customization

C/C++ compiler
With pre-verified options and/or

Debuggers
create your own Simulators

RTOSes
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Tensilica Scalable Product Portfolio

Providing the Most Efficient Processors in Multiple Markets
loT, Mobile Phones, Storage/SSD, Networking, Video, Security, Cameras, Watches, Printers...

Control Processor

Energy & area efficient — the foundation of all Tensilica processors

Wide range of DSPs Custom
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Fusion Custom ISA
loT/Multi Purpose Audio/Voice/Speech Communications Application Specific

» Scalable DSP * Encode & Decode * Narrow to wide * High Performance
* Always-alert » Voice trigger band Wireless * Energy efficient
* Sensor * Noise Reduction * LTE/LTE-A, WiFi, » Application
processing » Post-Processing Smart Grid specific data
* Audio/Video/Spee + 150+ Codecs * Infrastructure & types
ch Terminals
» Comm’s/Security

Tensilica Optimization Platform
of designs Common Development Tools and 3 Party Ecosystem per Year
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What affects the efficiency of Software ?

« Cycle counts — the higher the longer it takes to complete
— Targeting the right instructions crucially important

« Sufficient local storage
— Access to registers very low energy cost. Insufficient registers can be a major efficiency loss
- Efficient Memory System

— This varies greatly from system to system

— With large software sets, a sophisticated cache based system may be appropriate
— Support for Prefetch of Instructions and/or Data may be beneficial

— With self-contained very small, low power systems the complete opposite may apply.
— Local tightly coupled memory may be appropriate

- Efficient Architecture must span all these
— (and more, of course — debug, trace ..)
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Important Concepts about Xtensa + TIE
Adapting the Core to the need, not the need to the core ..

* Abstract
— Don’t need detailed knowledge of how processors work
— Many choices can be made using a mouse (pick from menus)
— High level language (called TIE) used to express processor functionality
— Available to end users
» Automated
— Processor build is completely automated

— Hardware (RTL) and software tools/models all created at the same time
— Ensures consistency, eliminates need for user to verify e.g. ISS vs RTL

— Extremely rich set of tools, libraries etc

« Powerful
— Very wide range of architectural features can be added/modified
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What can be customised ?

* The Instruction set .. Huge range of options
— Use a pre-defined one, or write your own. Could be 100’s of new instructions

* The Register File infrastructure

— Many DSP cores have different data types — Audio samples, vectors of complex numbers —
each needs different local storage.

— Choices are (almost) unlimited in regfile width and depth

* Memory System

— Access width to memory (up to 512 bits per load/store unit)
— Caches, scratchpad memory, Prefetch, Multiple LoadStore units

* Interfaces — Create new “HW” interfaces

— Different styles (FIFO, “lookup”, simple registered Wires)
— Can be WIDE (up to 1024 bits each)
— Can be PLENTIFUL (up to 1024 interfaces)
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Many Different Architectures Possible

Engineers come up with different solutions to similar problems
Deeply integrated Task

Engines
(Xtensa performs specific Small, programmable
task, HW developer creates DSP (customer
FW to operate) customized)
Hardware Logic (RTL) ) with RTL accelerators
LXx LX
Lx HiFi Family
RTL Xtensa Lookp .
LX Ix LX Audio DSPs
Xtensa
o~ s, xense [ 154 DsP Ext | ConnX BBE DSPs
Focused | m
Solution @0 o — \
Offload | élls,q DsPExt |
lerators o e A
Accelera | 1sa DSPExt | Connx ConnX
— Ba;;t’;and Baseband
» Only Xtensa offers this range of T — DsP

options and flexibility in choices

[5¢ [5]

» Customers can further extend,
customize to their specific cost, e ——
performance requirements Fully Softwar

« One single unified tool set for all Programmaple
Solution
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Xtensa LX6 Block Diagram
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Xtensa LX6 Block Diagram
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Xtensa LX6 Block Diagram
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Building Hardware and Architectures
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TIE Is a very abstract language

» Don’t need to worry about too many low level details
— How does my new instruction get encoded ?
— How does my new instruction get interfaced to the pipeline ?
— Will my new multi-cycle instruction work if it is interrupted half way through calculation ?

* Answer to all these is ... “Don’t worry, the tools handle it for you” !

— (Well, technically it might be “It's done by a combination of the Xtensa architecture and the TIE
compiler” but that is not so snappy © )

 In TIE you describe things at a pretty high level

— You have the option of specifying things more explicitly

— E.g. encoding, specifying fields in the instruction word, you can describe your clever 11x17 multiplier at a very low
level ..

— Normally handled much better by the TIE compiler.
— There are a number of “pre-built” parameterisable datapath modules available
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Useful constructs for building Hardware

* “Functions” — create hardware templates that increase readability, and re-use

* Function to zeroc pad 5 to 16 bits

function [15:8] fn_zpad 5 16 ([4:8] a)
{
;

assign fn_zpad 5 16 = {11'b®, a[4:@]} ;

« Semantics — create hardware shared between different operations
— E.g. “expensive” hardware like multipliers and large adders/shifters
— Common in complex DSPs to have many 10’s of flavours of multiplies
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Hardware Construction in TIE
Suggested flow

» Create atomic operations first

Decide if we need additional local storage (register files, state)
— May be able to re-use existing register files

Decide which operations should share hardware

Decide whether we want a single issue machine or multi-issue
— Increase software performance by issuing multiple instructions at the same time (“VLIW?)

Create the multi-issue machine
— This uses FLIX —"Flexible Length Instruction eXtensions”

» Create new interfaces if you need them

« Some examples follow
— As an example we add some “population count” instructions to the Fusion core
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Operations

* Note use of functions to aid readability

— In this case the input operands come from an existing register file “AD_DR” that is defined in
the Fusion ISA

f******************************************************************************
.

* This operaticn performs popcounts across 32bit fields
S

******************************************************************************H

operation POP_COUNTE4 32  {out AE DR res, in AE DR src}

1}
1
wire[31:8] w32 8, w32 1, res32 8, res32 1 ;
assign {w32 1, w32 @} = src ;
assign res32 1 = Tn_zpad 6 32(fn_popcount32{w32 1)) ;
assign res32 @ = Tn_zpad & 32(fn_popcount32(w32 8)) ;
assign res = qres32 1, res32 @} ;
¥
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Semantic

* Simple way to share hardware required for several instructions
— Can also be multi-cycle

1
wire[7:8] w8 @, wB 1, w8 2, wd 3, wd 4, w8 5, wB 6, wB 7 ;
assign {wB 7, w3 6, wB 5, wd 4, w8 3, wB 2, wB 1, w3 B8} = src ;
wire[3:8] p8 @ = fn_popcount3(wd @) ; wire[3:8] p8 1 = fn _popcount3(wd 1) ;
wire[3:8] p8 2 = fn_popcount3(wd 2) ; wire[3:8] p8 3 = fn_popcount3(wd 3) ;
wire[3:8] p8 4 = fn_popcountd3(wd 4) ; wire[3:8] p8 5 = fn_popcountd(wd 5) ;
wire[3:8] p8 6 = fn_popcount3(wd 6) ; wire[3:8] p8 7 = fn_popcount3(wd 7) ;
wire[4:8] plé @ = TIEadd(p3 @, p8 1, 1'b@) ;
wire[4:8] pl6 1 = TIEadd(pd8 2, p38 3, 1'b8) ;
wire[4:8] ple 2 = TIEadd(p3 4, p8 5, 1'b@) ;
wire[4:8] pl6 3 = TIEadd(p3 6, p8 7, 1'b8) ;

wire[5:8] p32_@

TIEadd(pl6 @, pl6 1, 1'b@) ;
wire[5:8] p32_1 >

TIEadd(pl6 2, pl6 3, 1'h@)
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Creating multi-issue machines

- Example of simple “VLIW” machine creation

* In reality things are much more complex
— Can have multiple “format” declarations - very flexible machines

* TIE Compiler “wires up” all the hardware for you

64-bit FLIX instruction Each slot is given a
format with three slots unigue name
myflix.tie P =

format(myflixl 64>{slot a, slot bfL slot c} =

slot opcodes slot a {L32I, S32T1}

slot opcodes slot b {ADDI} / List of operations
slot opcodes slot c {ADD, SRAT} that can execute in
“slot_c”
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Xtensa Processors
...as RTL or Finite State Machine (FSM) Replacement

« Use optimized Xtensa processors instead of RTL for new blocks
— Reduce the verification effort and time
— Replace the hardware control FSM with software on the processor
— Get automatic RTL generation with fine-grained clock gating
— Reprogram processor to adapt to upgrades and bugs in algorithms

DataPath «DH DataPath H«» DataPath <» DataPath

Xtensa LX

‘ Control, Status, Data ‘ ‘ Control, Status, Data ‘ ‘ Control, Status, Data ‘

Bus I/F Bus I/F Bus I/F Bus I/F
A \ A A
/ y System Busy

 Create data paths similar to hardwired RTL data paths — really!
— Multi-cycle, complex functional units

In RTL designs more than 90%
of the bugs that cause re-spins
are in the 10% of logic found in
hard-wired control FSMs.
Use programmable Xtensa
processors to reduce re-spins!

— Custom, high bandwidth data/control connections to other blocks with predictable latencies

— Automatic generation of pre-verified RTL
— Verify only the input-output relationship on the interfaces
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SW Aspects of TIE extremely important

The domain of the “proto”

 Create the programming model for the user
* We recommend using ‘C’ (or C++ if you prefer) for target code (no asm!)

* New types defined to represent “real world” data
— Vectors of complex numbers, vectors of audio data

« Compiler can be “taught” how to handle these new types
— How to load/store/exchange them in the regfile
— How to do pointer casting, and pointer arithmetic
— How to do type conversions
— How to do operator overloading * + - << >>> < >=etC

« Sometimes you need to use “intrinsics”
— Direct calling of individual operations or sequences — to simplify things

- Example follows — using BBE32EP as the processor
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Source Code
#ifdefs are folded by Xplorer for clarity

= #if XCHAL HAVE BBEN_EP DUAL_PEAK_SEARCH
—wvoid bbe_dualpeak mag 32b{intl6e_t * data_in, uint32_t * _ restrict peaks,
intle t * restrict indices, int32 t size, int * ratioNorm)
1

xb wvecNx1l6 *  restrict data_ptr = (xb_wveclxls *)}data in;
int32_t j, size_16 = (size/SIMD_N) ;
BBE_SETDUALMAX(®);
xb_wechNx48 normAccum=9;
xb_wechx48 normAccumhi=8;
xb_wecNx16 normAccumle=8;

// Add loop count pragmas - this means that the number of peaks to be found
// should be a multiple of 2 - a reasonable assumption - this is anyway wvmax2
xb_wvecHx1l6 seqInd=BBE_SEQNX16();
#pragma loop_count min=2, factor=2
for(j=8; j<size_ 16; j++)
1
xb_wechx1ls wec®,vecl, wvec2;
xb wvechx48 wvecd;

/* process two complex vectors */

vec@ = data_ptr[2¥]] ; wvecl = data_ptr[2%j+1] ;
= #if PREC_48 // 4B bit

wvec® = BBE_MAGINX16C (vecl,wvec®} ; // find norm

J{ Accumulate norm and weighted norm

NormACCuUm = normAccum + wvecd;

normAccumi += seqInd * BBE_PACKSNX4@(wvec@®) ;

seqInd=seqInd + (xb wvechx16)SIMD N;

// Dual max state updates
BEE_DUALMAXUWNX32 (wvech, @);

# ftelse // 16 bit[]
¥

// Weighted index average
int numNorm=BBE_RADDNX48(normaccumid) ;

- #if PREC_40

int denomMorm=BEE_RADDNX48 (normAccum);

+ #elsel]

*ratioNorm=numiNorm/denomiorm;

// Peaks and indexes
uint32_t maxpeak, secondpeak;
vboolN selector, selector?;

BBE_RBDUALMAXUR (maxpeak,selector); // get the maximum and lane flag for max
int32 t maxindex = BBE_SELMAXIDX(selector,1); // get corresponding index

BBE_MOVDUALMAXT (selector); // replace max with max2 for that lane

EBE_RBDUALMAXUR(secondpeak,selector2);

[/ get the maximum and lane flag for max2

int32_t secondindex = BBE_SELMAXIDX(selector2,l); // get corresponding index

peaks[@] = maxpeak ;
peaks[1l] = secondpeak ;
indices[@] = maxindex ;
indices[1] = secondindex ;
BBE_SETDUALMAX(@);

¥

#endif
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Source Code - Explained (part 1)

= #if XCHAL HAVE BBEN_EP_DUAL PEAK SEARCH <—

—wvoid bbe_dualpeak mag 32b{intl6e_t * data_in, uint32_t * _ restrict peaks,
intle t * restrict indices, int32 t size, int * ratioNorm)
1

xb wvecNx1l6 *  restrict data_ptr = (xb_wveclxls *)}data in;
int32_t j, size_16 = (size/SIMD_N) ;

BBE_SETDUALMAX(®);
xb_wechNx48 normAccum=9;
xb_wechx48 normAccumhi=8;
xb_wecNx16 normAccumle=8;

// Add loop count pragmas - this mean>™hat the number of peaks to be found
/! should be a multiple of 2 - a reasonab ssumption - this is anyway wmax2

xb_wvecHx1l6 seqInd=BBE_SEQNX16();
#pragma loop_count min=2, factor=2
for(j=8; j<size_ 16; j++)
1
xb_wechx1ls wec®,vecl, wvec2;
xb wvechx48 wvecd;

/* process two complex vectors */

vec@ = data_ptr[2¥]] ; wvecl = data_ptr[2%j+1] ;
= #if PREC_48 // 4B bit

wvec® = BBE_MAGINX16C (vecl,wvec®} ; // find norm

J{ Accumulate norm and weighted norm

NormACCuUm = normAccum + wvecd;

normAccumi += seqInd * BBE_PACKSNX4@(wvec@®) ;

seqInd=seqInd + (xb wvechx16)SIMD N;

// Dual max state updates
BEE_DUALMAXUWNX32 (wvech, @);

# #else f/ 16 bit[]

h

Compile time constant indicates certain features are
available
> In this case there are specific peak search instructions which speed
up the algorithm
Declaration uses standard 'C' types

» Makes it easy to test with pure 'C' implementations - any cast to
machine specific types done inside function

» Use of __ restrict same as normal 'C' (== no pointer aliasing)

New vector types specific to BBE32EP
» Type xb_vecNx16 is a vector of 16bit quantities
»> In this machine 'N' == 16 so data_ptr is a pointer to 32B items

Compiler is 'taught' through TIE how to do pointer
casting, arithmetic etc

Declare some local variables
» Scope rules exactly the same as 'C'
» Type xb_vecNx40 is a 16-way vector of 40bit "accumulator" values

Variable initialised to zero across all lanes

» What is not explicitly shown is the type conversion from "int" (a
constant, in this case '0" is always a 32-bit value in the Xtensa
architecture) to xb_vecNx16. This has been defined in TIE to
replicate the value across all lanes.

» Clearer would be "xb_vecNx40 normAccum = (xb_vecNx40) 0 ;"
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Source Code - Explained (part 2)

= #if XCHAL HAVE BBEN_EP DUAL_PEAK_SEARCH
—wvoid bbe_dualpeak mag 32b{intl6e_t * data_in, uint32_t * _ restrict peaks,
intle t * restrict indices, int32 t size, int * ratioNorm)
1

xb wvecNx1l6 *  restrict data_ptr = (xb_wveclxls *)}data in;
int32_t j, size_16 = (size/SIMD_N) ;

BBE_SETDUALMAX(®);
xb_wechNx48 normAccum=9;
xb_wechx48 normAccumhi=8;
xb_wecNx16 normAccumle=8;

// Add loop count pragmas - this means %

xb_wvecHx1l6 seqInd=BBE_SEQNX16();
#pragma loop_count min=2, factor=2

for(j=8; j<size_ 16; j++)

1

xb_wechx1ls wec®,vecl, wvec2;

xb_wechx48 wvech; /
/* process two complex vectors */

vec@ = data_ptr[2¥]] ; wvecl = data_ptr[2%j+1] ;
—#if PREC_4@8 // 48 bit

er of peaks to be found
// should be a multiple of 2 - a re - this is anyway

wvec® = BBE_MAGINX16C(vecl,vec@) ; // find norme—
J{ Accumulate norm and weighted norm

NormACCuUm = normAccum + wvecd;

normAccumi += seqInd * BBE_PACKSNX4@
seqInd=seqInd + (xb wvechx16)SIMD N;

// Dual max state updates
BEE_DUALMAXUWNX32 (wvech, @);

# #else f/ 16 bit[]

h

Use of an intrinsic
» BBE_SEQNX16() is an atomic operation that initialises a vector to
0,1,2,3 ... 15 across it's lanes - very handy sometimes
This pragma helps the compiler with code generation

» If we know something about the loop iterations, then we can let the
compiler know, in this case we don't bother with odd numbers or 0,1
so the loop preamble/cleanup code will be smaller

Start of a loop

» The compiler will decide whether it can infer a xero overhead loop
(in this and most cases, "yes"). No need for user to consider
whether it can or not.

We don't explicitly use loads

» Compiler knows how to compute array offsets for data_ptr which
IS a pointer to xb_vecNx16[]. It will automatically schedule loads
according to use in the loop, number of unrolls, register pressure etc

This is a specific intrinsic which maps to one operation
that calculates magnitude? of a vector of N complex

» N complex requires 2N real values

» Compiler will actually decide which registers are used

The '+' operator is overloaded (through TIE) to be a
vector add of xb_vecNx40 elements in this case

» Could have been written as "normAccum += wvecO0 ;"

» Same thing to the compiler
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Source Code - Explained (part 3)

= #if XCHAL_HAVE_BBEN_EP_DUAL_PEAK_SEARCH

—void bbe_dualpeak mag 32b(intl6_t * data_in, uint32_t * _ restrict peaks,
intle_t *_ restrict indices, int32_t size, int * ratioNorm)

1

xb_wechxle * _ restrict data_ptr = (xb_wvecNxl6 *)data_in;
3

int32 t j, size 16 = (size/SIMD _N)
BEE_SETDUALMAX(@);

xb_wvecHx48 normAccum=8;

xb_wvecNx48 normAccumbd=8;
xb_wecNx1l6 normAccumlbc=8;

/{ Add loop count pragmas - this means that the number of peak
// should be & multiple of 2 - a reasonable assumption - thi

xb_wvecHx16 seqInd=BBE_SEQNX16();
#pragma loop count min=2, factor=2
for(j=8; j<size_l16; jH+)
1
xb_wechx16 wecd,vecl, wvec2;
xb_wechx4® wvecd;

/* process two complex vectors */

vec@ = data_ptr[2*]] ; wvecl = data
—#if PREC_4@8 // 48 bit

wvec® = BBE_MAGINX16C(vecl,ve

J/ Accumulate norm and weig

normaccum = normAccum + v

norm&ccumk += seqlnd * BBE_PACKSNXA8(wye€d) ;
seqlnd=seqInd + (xb wecNx16)SIMD N;

S/ Dual max state updates
BBE_DUALMAXUWNX32{wvec@d, @);

##telse [/ 16 bit[]

h

tr[2*j+1] ;

3 [/ find norm

7to be found
is anyway wmax2

« Two atomic operations here
» The multiply "' is on xb_vecNx16 types
» BBE_PACK* does a shift-round of 40-bit values to produce 16-bit

> The add '+' is on xb_vecNx40 types (multiply using *' generates
full-precision 40-bit results)

» The compiler 'knows' that a multiply followed by and add can be
represented by an appropriate "MAC" instruction

» The compiler is taught through TIE how to handle ALL of the above
scenario and infers BBE_MULA* (MAC) instructions
« Each lane of seqind is incremented by SIMD N

> As before, specific type conversion from int - xb_vecNx16 is
done with a cast

» SIMD_N is constant 16 in this case. seqlnd is therefore a running
index of the current 16 complex vectors being processed in the loop

» normAccumW is a weighted normalised value
» This is a specific operation that computes the highest
two peaks, lane-by-lane
» It has it's own private storage not visible to the compiler

» Reduction processing is done after the loop
» Shown in next slide
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Source Code - Explained (part 4)

// Weighted index average /
int numNorm=BBE_RADDNX48(normaccumid) ;

—#if PREC 48

int denomMorm=BEE_RADDNX48 (normAccum);
+ #elsel]
*ratioNorm=numiNorm/denomiorm;

// Peaks and indexes
uint32_t maxpeak, secondpeak;
vboolN selector, selector?;

BBE_RBDUALMAXUR(maxpeak,selector); // get the maximum and lane flag for max <4—

int32 t maxindex = BBE_SELMAXIDX(selector,1); // get corresponding index

BBE_MOVDUALMAXT (selector); // replace max with ma’2 for that lane

EBE_RBDUALMAXUR(secondpeak,selector2); // get the maximum and lane flag for max2

int32_t secondindex = BBE_SELMAXIDX(selector2,l); // get corresponding index

peaks[@] = maxpeak ;
peaks[1l] = secondpeak ;
indices[@] = maxindex ;

indices[1] = secondindex ;
BBE_SETDUALMAX(@);

}
#endif

This is a "reduction" operator

» i.e. it works across the vector - adding up all 16 40bit values and
placing the result in the LS Lane

This is simple integer division

This is a Boolean type
» Type vboolN is a vector of 16 Boolean values
» Used for all sorts of comparison, and predicated operations

Computes the final max value and index

This special intrinsic moves data between the "private”
DUAL PEAK SEARCH registers

» The "T" suffix means "Move the 'true' lanes" where the Boolean
variable provides the predicate values

» There are also predicated versions of MOST basic operations - ALU,
MAC, MOV etc

BBE_SEL* operations are "select" operations

» Wide range of data shuffling available on both special regsiters and
the general purpose registers. This is on the private registers
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Notes

« Source code is quite "boring" ©
— Few hints of the complexity of the underlying machine

— No need to annotate the source code to indicate what the programmer thinks may be
opportunities for Instruction Level Parallelism (ILP), loop unrolling etc
— Yes, we can control the compiler with switches, but we don't need to put a lot of annotations in the source code

* No need to explicitly use instructions / intrinsics everywhere

— In actual fact, most of the time you can let the compiler do all loads/stores, and many "simple"
operations like +-*/>><<>< & | M ...
— They are all "overloaded" for many types through the TIE language

— The source code is still pretty readable, and if we compile for Debug (no optimisation) we can
easily step through and do source level debugging

« Use of "N-way" types and intrinsics means code is basically portable to other
members of the BBE*EP family with different "N" (e.g. BBE64EP has N==32)

« When compiling with higher optimisation, the compiler will effectively software
pipeline according to the architecture (next couple of slides)
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Body of the Loop after compilation - Notes (i)

* In the next slides you will see the actual assembly code generated by the compiler

* Note that there are many lines of the form:
—{opl ; op2 ; op3 ; opd }
« These are called "FLIX bundles” (or "FLIX packets") and represent a single cycle
Issue of multiple atomic operations (opl .. op4 in this case)

* The operations can have different total latencies
* They all enter the various pipelines together

* They do not interact with each other except through architectural state
— This means it's possible to trace loop iterations as no "hidden data paths" exist from intra-stage
flops
— This is a central concept of Xtensa

— Provides "safe" operation

— The hardware may insert a bubble if there is a data hazard - but the compiler will try to avoid these with loop
unrolling and careful software pipelining.
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Body of the Loop after Compilation

4000ab5eb addi a3, a5, -2

4000abee or all, a2, a2

4000a5f1 { bbe lvnxl6 i v5, a2, -32; bbe lvnxl6é i n v6, a2, -64; bbe maginxléc wv0, v6, v8; nop }

4000a5fd loopgtz a3, 4000a63c <bbe dualpeak mag 32b+0xcc>

4000a600 { bbe lvnxl6 i v5, all, 96; bbe lvnxl6é i n ve6, all, 64; bbe maginxléc wv3, v5, v6; bbe packsnx40 vl, wv3 }
{ bbe addnxl6 v3, v4, v7; bbe lvnxl6é i n v0, all, 32; bbe mulanxl6 wv2, v3, v2; bbe dualmaxuwnx32 wv0, 0 }
{ bbe lvnxl6 ip vl, all, 128; bbe packsnx40 v2, wv0; bbe mulanxl6 wv2, v4, vl; nop }
{ nop; nop; bbe addnx40 wvl, wvl, wvO }
{ bbe addnxl6 v4, v3, v7; nop; bbe maginxléc wv0, v0, vl; bbe dualmaxuwnx32 wv3, 0 }
{ nop; nop; bbe addnx40 wvl, wvl, wv3 }
{ nop; bbe packsnx40 v12, wv3; bbe maginxléc wv3, v5, v6; nop }

3 Instructions before the loop - 2 scalar, 1 "FLIX" which gontains 2 loads (to each loadstore unit)
» Low order address interleaving means there will bg no cghtention and no stall

« Zero over head loop instruction - sets up someg specific hardware registers to control instruction fetch
» No branch penalties when executing the codg betweéen 0x4000a600 and 0x4000a636 inclusive

* We can see by the two uses of "BBE_MAGINX16C" that the loop has been unrolled by factor 2

« We can also see that the loop is resource bound in the "MAC" slot

» There are limits to the number of copies of large datapaths in the machine (user choice == CDNS choice here!)
» Compiler cannot do any better

ly paft of the first iteration is outside to "prime the pipeline’
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Tools to help you
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Several specific tools to help develop TIE code

* TIE compiler

— Does all the “heavy lifting” transforming your abstract TIE code into real Hardware and
extensions to the basic software toolchain

— Fast, efficient, reliable.
— Generates reports which reveal a lot of detail about your design

« ‘C'/C++ Compiler

— Can utilise complex machines very well, and allow you to program in a high level language

« Xplorer
— GUI environment which can be used to front-end the tools

— Debug the “hardware” of your TIE in a “software” environment

— TIE wires view in the debugger can annotate the wires of your instructions/semantics as you step through your
source code

— Utilise “TIEprint” statements in your TIE code — “embedded printf in TIE”. Does not create
hardware (just a simulation artefact) — very handy for tracking corner case bugs

— Profiling tools — easily spot “non-efficient” pipelining of TIE instructions using the pipeline view
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Debug View - TIE Wires

¥ Debug 52 e o v 0w

SCEN SR N

()= Variables (90 Breakpoints {3

;".TracECapturE\litg"E}(pressions\l ol Registers\l - 4 % @ & e ‘®\| =

[E5 mem_maodel [¥tensa Single Core Launch]
Eﬁ Debug Program: pop_count_praj on Core: FuseTest [0]
o Thread (Suspended : Step)

Breakpoints o

[ o main.c[line:30] ¥
[ main ¢ [line- 731

0 popcountle TIE() at D\customers\Fingerprint_Systems\work
1 main() at D\customers\Fingerprint_Systems\workshop_jan20)
2 _start() at \build\tree\RF-2015.3_kuma\tools\swtools-MSWin
.E 155 Simulator Console (xt-run)

.E GDEB Console

<
[ mainc [£] poprount_TIEc 3%

(LI

pop_count.area 1@3 pop_count

28 {
21 int 1 ;
22 ae_inted4 *wecPtr = (ae_int6d *) data ;

23 ae_inte4 *vecrPtr = (ae_inted *) rPtr ;

24 for(i=8; i<count/8; i++)

25 {

26 wvecrPtr[i] = POP_COUNT&4_B(vecPtr[i]) ;

9void popcountl6 TIE(uintlée t * _ restrict rPtr, uintlé_t *d
aq

1 int i ;

2 ae_intlexd4 *wecPtr = (ae_intlex4 *) data ;

3 ae_intlexd4 *wecrPtr = (ae_intlex4 *) rPtr ;

4 for(i=8; i<count/4; i++)

5

6 vecrPtr[i] = POP_COUNT&4 l6({wvecPtr[i]) ;

7

8}

39 void popcount32_TIE(uint32_t * _ restrict rPtr, uint32_t *d
48 {

41 int i ;
42 ae_int32x2 *wecPtr = (ae_int32x2 *) data ;

43 ae_int32x2 *wecrPtr = (ae_int32x2 *) rPtr ;
L for(i=0; i<count/2; i++)
45 {
46 wvecrPtr[i] = POP_COUNTE4 32(vecPtr[i]) ;
AT 1
4
i = [P M0 it Mt ter | B et | B Ao EEEl Dniimcdnd B

B

M Tie Wires ﬁ ‘.\

3 g m T
El_‘.=.f>'|fJ._.’5'

ASPAIRAS

Name Value i |
4 slotl
Fl popc_sem
= _CPENABLE in 2'h3 8 P.D Project Explorer | 2= Disassembly &7
4= _res_out 64 ' h@eaaPea6aa050008 —
= _src_in 64 'hcf2d2946b4@4d373 "] | &8
M pE_O 4'ha popcount16_TIE:
M opg1 4'ha 4pBEBSEc:  entry al, 32
M ope2 4'h1 40600567 addi.n a5, a4, 3
M ops 3 A'ha E 43366571 : movgez a%, a4, ad
M ops s 4'h3 ABBBA5 T =rai a%, a5, 2
M pE s 1'h3 ABaaa577 loopgtz 35., 4aa88586 <popcountlé TIE+@xlax
N pS_E 4'ha 4p0BB57a: ae_llex4.ip aedd, a3, 8
= 4paBas7d: { nop; pop_count&4 16 aed®, aedd }
N pB7 4'h6 | ||» seeesss3: | ae sl6x4.ip aedd, a2, 8
M p16_o 5'hag 16PBB586:  retw.n
N opls_1 5 'has
M ople_2 5 'has
M pla_3 5'hada L4
M p3zo &'had
MNop3z i 6'hia
N TIE inst_cpl 1'hl
MNowE D0 8'h7s
MNowe 1 8'hda
M o2 8'has
AN owe 3 8 'hba
N owE 4 8'h4s I
M owE s 8'h2a
MNowE s 8'had
N owe 7 8" hef
N owres 64 ' hBeaa0e0600050808 1
“ m.—popmu"tslm m ow S| 2 Al Ml & sl - ;-
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Profile View — Pipeline Window

r@ main.c ( popcount_TIE.c ( popcount_ISAc &2 |ﬂ3 pop_count tie 1* FuseTest2 xc Wlﬁ; pop_count? tie 1 @ popcount_crefc 1”5 =8 (- Profile Disassembly 3
73 * Note - these were taken from here: - Count Address
74 * https://en.wikipedia.org/wiki/Hamming_weight
75 -

76 3 40000380
77 oid popcountls ISAw2{uintls t *  restrict rPtr, uintlé t *data, int count 1 ADDD03ES
[ S @ 2 20000386
79 int 1 ;
58 ge_intléxd *vecPtr = (ae_intlexd4 *) data ; 1 40000383
81 ge_intlexd4 *vecrPtr = (ae_intlex4 *) rPtr ; 1 4000038c
52 ge_intlex4 ml = *(ae_intlex4 *) &mlL ; 1 40000392
83 ge_intlexd4 m2 = *(ae_intlex4 *) &m2L ; - 1 ADD0039E
1 14000039

i =2
E Console ( Profile [Cycles) (&h Call-Graph {may be out-of-sync) ﬂz Comparison (E Saved Qutput (ﬁ Pipeline 7

154 Profile (may be Dut—uf—syncﬂ

40000380 entry al, 32

40000383 132r a6, 400002c0 <_iram0_text_start=
40000386 ae_|16x4.i aedg, a6, 24

40000389 ae_|16x4.i aeds, a6, 32

400003 8c {ae_|llex4.i aed4, a6, 16; addi a5, a4, 3 }
40000392 {ae_|16x4.iaed3, ab, B; movgez a5, ad, a4 }
40000398 {ae_ll6x4.iaed2?, a6, 0; srai &5, a5, 2 }
400003%9e loopgtz a5, 400003fh <popcountls_|SAv2+0x7 b=
40000321 ae |16x4.ip aedl, a3, B

40000334 {ae _srailG asd?, aedl, 1; nop}

40000333 { nop; ae_and aed?, aed?, aed2 }

400003 b0 { nop; ae_suble aedl, aedl, aed7 }

400003 b6 {ae_srail6 aedl, aedl, 2; ae_and aedl, aedl, aed3 }
400003 bc { nop; ae_and aedl, aedl, 3ed3 }

400003c2 { nop; ae_add16 aed0, sed0, aedl }
400003C8 {ae srail6 asdl, aedd, 4; nop }

400003 ce { nop; ae_add16 aed0, aed0, aedl }

400003 d4 { nop; ae_and aed0, aed0, sed4 }

400003 da { nop; ae_mull6xd | aedl, aed0, aed5 }
40000320 { nop; ae_mull6xd h aed0, aed0, aeds }
400003e6 ae_srai3? aedl, aedl, 8

40000329 ae _srai32 aed0, aedl, 8

400003ec { nop; ae_sell6i aed, asd0, aedl, 8 }
40000312 { nop; ae_and aed0, aed0, sede }

400003f8 ae_slexdip aed0, a2, 8

400003fb retw.n
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Summary of Xtensa + TIE development platform

* |t's a basic ISA and set of tools that allows:
— Fast creation of novel architectures
— Complete toolchains and models “correct by construction” in an hour
— Powerful development tools
— Wide range of architectural features that can be included in the design

* Create wide range of cores from “Almost HW” to “Sophisticated General Purpose
DSPs” ....

— Calling at all intermediate stops on the way ©

* |t's Fast and Easy to understand and use —
— No difficult languages to learn, everything looks “pretty familiar”
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Thank you for listening
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