Xtensa Software Developer’s Toolkit

Quickly Develop Application Code

FEATURES

® Xtensa® Xplorer™ Integrated Development Environ-
ment (IDE) with full graphical user interface (GUI)

® Mature optimizing XCC C/C++ Compiler
® Operator overloading support in C for custom data
types

® Pipeline-modeling, cycle-accurate Instruction Set Sim-
ulator (ISS) with fast TurboXim

®  GNU profiler, linker, debugger, assembler and utilities

®  Multiple processor subsystem simulation, debug, profil-
ing and memory partitioning

® Vectoriziation Assistant for locating code loops that are
not vectorizing, but could be with some changes

® Project management tools
® PpPerformance and energy analysis tools

® Use Mentor Graphics Nucleus+, Express Logic's
ThreadX, Micrium's uC/0OS-I1, Tata Elxsi's Ro-SES or
the Linux operating systems

BENEFITS

® Easy to use Xplorer IDE based on familiar Eclipse plat-
form

® Small, high-performance code from ‘C’ source

®  Compiler offers state-of-the-art inter-procedural
and alias analysis

®  Automatic vectorization of operations for Xtensa
SIMD processors

®  Automatic FLIX instruction bundling for multi-issue
Xtensa VLIW cores

® Detailed pipeline analysis guides optimizations from
cycle/pipeline-accurate instruction set simulator (ISS)

® Fast TurboXim simulation for up to 50 million instruc-
tions per second

® Vectorization Assistant guides code optimizations for
better SIMD performance

® FEasily and quickly evaluate multiple processor subsys-
tems

® Familiar GNU-based toolchain

Shorter Development Times

Software developers can focus on the tasks that give the
highest return. Profiling with pipeline-level feedback and
the new Vectorization Assistant reduce the time required
to locate areas in the application that can benefit the most
from further effort.
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Tensilica’s Eclipse-based Xtensa Xplorer IDE serves as
the cockpit for software development

Advanced Software Development Tools for
Tensilica’s Xtensa Processors

If you need to develop application code for an Xtensa proces-
sor, the Xtensa Software Developer’s Toolkit provides a com-
prehensive collection of code generation and analysis tools
that speed the development process. Tensilica’'s Eclipse-based
Xtensa Xplorer Integrated Development Environment (IDE)
serves as the cockpit for the entire development experience. If
you are a custom Xtensa processor developer, you will use the
Xtensa Processor Developer’s Toolkit, described in a separate
product brief, in addition to using the Xtensa Software Devel-
oper’s Toolkit.

The Xtensa software development environment is automatical-
ly generated from the same database as the processor hard-
ware description. All configuration options and designer-
defined TIE (Tensilica Instruction Extensions) are supported.
There is no need to manually edit or extend the tools to match
these options. There is no chance that a software engineer
implementing a new instruction in the compiler will implement
the instruction differently than the hardware engineer who
wrote the instruction because there is only one unified source
description. This approach assures correctness and consistency
by construction. See Figure 1.

Designers get a compiler, linker, assembler, and debugger for
their particular processor hardware. As the base ISA is always
present, third party tools can still be used even when the core
is customized for a particular application.
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A Comprehensive System

Now in its ninth generation, Tensilica’s tools for software devel-
opment are highly refined and provide developers with a com-
plete, comprehensive solution for both system design and soft-
ware development.

Project Manager

When you start a new software project or modify an ongoing
project, the project manager organizes all related project source
files and allows you to create new classes, files, or folders. New
projects can be managed using the built-in project management
and version control mechanisms, which eliminate the need to
manually maintain makefiles and provides a clean environment
for new project builds. The project manager allows you to set

all tool options and flags (build properties) for each build target
within each individual project. Optionally, you can create un-
managed projects that allow total user control over build target
properties.

Multi-processor Subsystems

Xplorer provides multi-processor projects that allow the design-
er to create a subsystem of heterogeneous cores with shared

memory. The memory partitioning for each core and the shared
memory area are specified in the GUI to make that task simple.

Simulation of the resultant system is launched from within the
IDE and allows the software developer to debug, profile and
partition their code very quickly.

The Xtensa Processor Automated Solution

Y Y

Xtensa Processor Generator

Processor i Designer-defined :
Configuration | Instructions
Inputs I (optional) |

Processor Generator Outputs o -
Application
Source
Hardware System Modeling / Design Software Tools
EDA RTL Instruction Set GNU Software
Scripts Simulator (ISS) Toolkit
(Assembler, Linker,
Fast Function Debugger, Profiler) Executable
Simulator (TurboXim)
- Xtensa C/C++
C Synthesis D Compiler (XCC) —
XTMP XTSC Profile using
C-based SystemC 1SS
( Block Place & Route ) System System C Software Libraries
* Modeling Modeling v
( - OSKit ( ch i )
erification ) ) ) Using operatin oose different
Co-simulation Sgystems 9 configuration
or
Develop new
Bus Component E XenEe ray instruc’:ions
Chip Co-verification =7 ESTEED
Integration Tools
|
y !
To Fab Software Development

Figure 1. Tensilica’s proven methodology automates the creation of customized

processors and matching software tools
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Source Code Editor

The editor allows you to efficiently create and modify your code
using rich editing capabilities. Recognition of language features
such as keywords, comments, declarations, and strings are
eased through syntax highlighting. Symbol indexing allows fast
program navigation including find declaration, find definition,
and find type. Other features in the editor that speed up coding
include code completion, auto indenting, and quick diff. Block
comment/uncomment is useful when debugging or profiling
large source files, as is text folding for hiding areas of text that
you don’t need to view. Other standard views, such as source
outline, make target, and problems are all still available.

CIC++ - Overloadingfoverload_q15.c - Xtensa Xplorer,

L

#include "exsmple.h™

xd_ g5 31d overleoad(xd glSd
short i, j, ii:
xd_g&_31d pow, offset;
xd_glSd res, sSum, mx, mn;

% Energy

BE Helloiworld

B MCData

% MCEnergy

B mcTest

BE mcvectarization
% MulticoreData
% MNonCwerloading

= % Orverloading = LE e

i<DATA LENGTH:

mn = winiadfut[i] ,res);

sum += adut[i]:

pow += [adut[i]
i

(= DC_B_330HiFi-par: &
(= DC_B_S45CK-para
(= DC_B_S70T-param
=z ¥RC_D2MR-param:
e wRC_DEMR

{z= Uninstalled Configs
(= Subsystems
(= TIE Source

/¢ Do wmore processing. ..
return pow;

o~ Writable Smart Insert 2:34

File Edit Refactor Mavigate Search Project Tools Run  Window Help
r-He @Y PiOverloadng = C:XRC_DEMR ~ TiDebug ~ Build Active ~ B % |
Run T Profile T Debug v Trace T AWl 6 Q- ®d 1B

R R

|.—[\jProject Explore &3 = O|| [€ overload.c [€] overload_gi5.c &3 [€] integer.c =0 EE Cutling &5 =0
e=7 [ AR o

—. PR ) R o)
%Dhrystone 7 With Cwerloading, specifying qi B cxample.h

¥d_gqiSd aout [DATA LENGTH] :
14+
ii = max(win(i+j-1,DATA LENGTH-1],0);

* aCoeff[j]:

max, Sum & power values

144

ﬁ? Binaries for(j=0, suw=0; j<COEFF_

[nl Includes

(= bin

IE example.h res = abatal[ii]

@ integer.c RTINS S

@ main. c '

@ nonoverload_g15.c a0uc[i] = sum;

@ overload_ql5.c '

@ overload.c

™ Makefile v /4 Get min,
¢ > wn=MAX_DATA, rx=MIN DATA,
= for(i=0; i<DATA LENGTH:

%System Overd g mx = max(altut[i] ,res);

* atut[i])

Xtensa Compiler Toolchain

Tensilica’s XCC C/C++ compiler is based on the GNU compiler
front-end with a highly customized code generation back-end
targeting the compact 16/24-bit Xtensa Instruction Set Architec-
ture (ISA). The XCC compiler also includes support for the TIE
language, including intermediate representation and optimiza-
tion. The XCC compiler additionally supports Tensilica’s Flexible
Length Instruction eXtensions (FLIX), allowing 32-, 64-, or 128-
bit VLIW instruction bundles of up to 30 simultaneous instruc-
tions limited only by opcode availability.

o=1E

@  overloadQ(xd_qlSd*, xd_

*abata, xd_glS5d *aCoeff) {

{

LENGTH: j++) {

pow=0; // Initialize

i

>

= =

Figure 2. The editor includes many useful functions to speed up
code generation and debugging
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Xtensa Compiler Toolchain (continued)

XCC employs sophisticated multi-level optimizations such as
function inlining, software pipelining, static single assignment
(SSA) optimizations, and other code generation techniques to
reduce code size. All of these optimizations increase code exe-
cution speed and reduce code size. Based on industry standard
benchmarks, the XCC compiler generates the highest code den-
sity when compared to compilers for other 32-bit RISC architec-
tures.

XCC provides the advanced optimization techniques known as
feedback-directed optimization and interprocedural analysis.

Feedback-directed optimization is a two-step process where code
is instrumented on the first pass of compilation and run using a
representative input data set to produce a file containing profil-
ing information. On the second pass, this profiling information is
used to optimize application code to further reduce branch de-
lays, improve inlining, and minimize the impact of register spills.
XCC will optimize an application’s critical areas for performance
while optimizing the remainder of the code for space. XCC is
also capable of hardware feedback-directed optimization, in
which the user’s target hardware platform can run the instru-
mented code to similarly provide application-specific optimiza-
tion. Hardware feedback-directed optimization is a much faster
method and the optimization is performed on the actual target
system as opposed to simulated in the ISS.

Interprocedural analysis is an optimization method that looks
globally across all associated files of an application at link time.
Global optimization is a much more powerful method than opti-
mizing locally within an expression or procedure. Interprocedur-

al analysis examines relationships across function calls, and can
perform optimizations that cannot be achieved with a local
scope. Interprocedural analysis eliminates unneeded computa-
tions, improves function inlining, and performs alias analyses
that may not be performed by less sophisticated optimization
techniques.

XCC supports operator overloading on custom data types in the
‘C’ programming language (without the overhead that is often
associated with it).

Tensilica is well known for its ability to let designers add custom
instructions and data types to improve performance. If an appli-
cation needs to work on 56-bit data, a designer can define a
custom 56-bit data type with a single line of code. The designer
can also specify what regular ‘C’ operators, such as ‘+’ and ‘*’,
should do when using this data type. The overloading is always
done with zero overhead so the resulting binaries are always
efficient.

Porting and creating ‘C’ application code that uses custom data
types is easier because standard ‘C’ operator syntax can be
used. This makes the code easier to read and simpler to port via
changes in the ‘C’ header files rather than throughout all of the
source code itself. See Figure 3.

The rest of the software development toolchain is based on
standard GNU tools. The compiler front-end remains similar to
the preprocessor in the GNU tools — the flags for the preproces-
sor remain the same. The assembler and linker also utilize the
same flags as the GNU versions of the tools.
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Only the text underlined in
red needs to be changed to
convert the source to fixed

point.

#include "example.h"

float floating(float *alata,
int i, j, ii:
float pow, offset:
float res, suwm, mx, mn;
float aOut[DATA LENGTH]:

for (i=0;
for (j=0,

i<DATA LENGTH; i++) ¢

su=0; J<COEFF_LENGTH:

float #*aCoeff) |

Original

J++ o

ii = maxiwinii+j-1,DATL LENGTH-1),0):

res = abatal[ii] * aCoeff[]]:
Sum += res:
+

atut[i] = sum:

Jf Get min, max, sSum & power values

rn=MiX DATA, mwx=MIN DATA, pow=0: S/ Initialize
for (i=0; i<DATL LENGTH: i++) |
X = mWax (atut[i] ,res);
mn = min{adut[i] ,res):;
sum += aout[i] ;
pow += [afut[i] * adut[i]]):
i
/4 Do more processing. .. #include "exsmwple.h™
return pow; xd g8_31d overload (xd gl5d *aData, xd glsd *aCoeff) |
¥ “int 1, 3, ii: - -

Ported

¥

No Change

*d oS_31d pow, offset;
#d_gl5d res, sumw, mx, mn;
#d gl5d adut[DATA LEWNGTH] :

for(i=0;
for (j=0,

aouc[i] =

ff Get min,
mn=MAY DATA, mx=MIMN DATA,
for(i=0;
me =
I
sum +=
pow +=

/4 Do more processSing...
return pow;

i<DATA LENGTH; i++] |

sum=0; J<COEFF LENGTH; j++) {
ii = maximin(i+)j-1,DATA LENGTH-1),0);
res = abatal[ii] * aCoeff[i]:
swm += res:

S,
S & power valuess

pow=0; // Initislize
i++) |

max,

i<DATA LENGTH:

wax (aout[i] ,res)
mwin (aout[i] ,res)
alfut[i]
[adtut[i]

*ogout[i])

Figure 3. Operator overloading makes porting existing code easier
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Xtensa Debugger

The debugger allows you to target either the pipeline/cycle ac-
curate Instruction Set Simulator (ISS) or TurboXim when no
hardware is available or external probes to connect with hard-
ware development boards. The GUI based debugger allows full
system visibility into your project; it controls program execution
and provides views to variables, breakpoints, memory, regis-
ters, etc. Source and assembly code can be made visible simul-
taneously while debugging an application; either code window
can be single stepped. The debugger interoperates seamlessly
with the other development tools (compiler toolchain, instruc-
tion set simulator) to allow rapid code development for Xtensa
processor systems. See Figure 4.

Cores in multi-processor subsystems can be debugged and
stepped synchronously or asynchronously with the other cores.

With user-defined data formatting, any data value can be re-
formatted to display a more user-friendly representation. This is
particularly effective when dealing with non-native ‘C’ types
such as fixed point or vector data or when certain bits represent
status. This data can be displayed in Xplorer however you want
using familiar print formatting. Datatypes that are defined by
Tensilica in its DSP engines have default formatting that will
show the user friendly representations automatically. See Figure
5 for an example.

[2] vectar.c 52

#include <stdio.h>
#include <xtensa/tie/xt_connxdZ.h>

int a = 0;

8 =
return 0;

Same values
for “a”. Display
for “a_vec” is
clearer. Using
built-in display
format for
datatype

int mainiint argec,

char w¥argv) |

ghort int init = 1000, inc = 1;
®xdi_intléxid a_wvec = init;
xd2_intléxid inc_wec = inec:

a vec = a vec + ilnc_wvec: // Crrer loaded

Tiint *) £a vec: // Scalar equivalent

0= Yariables 7 =& X "z =
Name Yalue
o4 arge 1
H ¥ argy 6 3FFFa0
== init; 1000
)= inc 1

)= a_wec 1001 1001

(9= inc_vec 11

11001 1001 i

Figure 5. Data can be reformatted the way you want it
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0% 6000081 ] SO000BOZ <over loadsOx102
tes = alata[i8] * afoeff[j]: over lond+0x 14
sum 4= rea; 0360000812  movi.n a9, O
) UX60000821 2161 a9, 81,
atut(i] = sum; OXGO000AZ4  movi.n aU, O
} UX 6000086
OxAOO00AT .
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Figure 4. The Xtensa debugger allows full visibility into the system
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Profiling Tools While viewing functions in the profiling view, you can also simul-
taneously view the assembly code in the disassembly view and

Code profiling is an extremely important tool for optimizing the  the source code in the editor. The call graph view enables you
performance of your application code. The Xplorer IDE enables t_o view the entire application hierarchy’s caller and callee func-
you to graphically view profiling results generated by Tensilica’s ~ tions.

pipeline-accurate ISS (see Figure 6). Additionally, for much

faster and more accurate profiling, you can generate profiling For those inner loop optimizations, the pipeline view (see Figure
data from hardware instantiated in an FPGA or ASIC. You can 7) shows any pipeline inefficiencies and bubbles that may be
track performance data such instruction execution count, sub- occurring.

routine calls, subroutine total cycles, cache performance, etc.

Benchmark - Overloadingfoverload.c - Xtensa Xplorer,

File Edit Refactor Mavigate Search Project Tools Run  Window Help
- HE| m i \ pOverlpadng T Ci¥RCDZMR * T:Debug v Euld Active ~ 5 (% &
Run ~ Profile ¥ Debug v Trace ¥ @ w E (ﬁ A Q;' Q’ T é 7 ] ] S
Benchmark Results &3 = B [ overload.c 52 ] main.c 7 =08 ProFiIe Disassemb 4 D€ wpRES Analysis| = O
ll_l £ -~ =
* With Cwerloading, custom date
wy Count Address | Instruction 5
#include "example.h" D*VE\::E:%verloading, custom dz
11 my_rlasult, overload (my_data *abat #include "example. "
B Profile Results short i, 3, ii: my_result overload(my_data *:
wy_result pow, offset; 3 E0000a00 entry al, 112
B Auto--Overlading-¥RC_DEMR-C wy_data res, Sum, mx, mn; é ZSESE:ES Ej;,?;:fﬂ D:;H Sl
wy_data atut [DATA LENGTH] ; 1 &0000a08 s32i.n a2, a4, 0
1 60000a0a  |32r a2, GO00034E <_stext+(
44 for(i=0; i<DATAL LENGTH: i++] { 2 60000a0d  add.n a2, al, a2
1585 for(j=0, sum=0; j<COEFF LENC 1 6000040F  s3zin a3, a2, 0
303 ii = max (min{i+i-1,DATA LE short I, 1, i
o riy_result pow, offset;
my_data res, sum, mx, mn;
315 res = abata[ii] * aCoeff[:w mr data aOuTDATA LEMGTH Y
< > hS > < 4
El consale Profile (Cycles) | B8e Call-Graph &2 E Comparison El saved Output | ES Pipeline 154 Profile =0
=28 Cycles $2= Functions calling: overload
Mame Cumulative  Function Children - (1] 1) main
| unpackdone B0.6% 294 4,390
i3] _start 75.5% 110 4,780
@ main 6% 122 3,716
tz| overload 22.7% 1,319 0
@ nion_overload 20,4% 1,185 u]
i3 integer 19.8% 1,150 0
E _ResetHandler 19.3% 1,124 u]
i3] exit B.1% 19 338
@] _exit 3.2% 15 169
E xthal_dcache_all_writeback 2.9% 169 u]
E _ call_exitprocs 2.6% 77 77
@] _ clbrary_init 1.5% 20 65
@] _fini 1.1% 10 56
E MEemcpy 1.1% 62 a
E _ do_global_dtors_aux 1% 39 17
@] _init 0.7% 14 27
tz| _atexit 0.4% 24 0
@ Frame_dummy 0.3% 16 u]
E __do_global_ctors_aux 0.2% 11 u] b
ks wiritable Smark Insert 545

Figure 6. The profiling window allows performance metric analysis while optimizing code
“hot spots™
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& console Profile (Cycles) | S8 Call-Graph |Ez-g Comparison Bl 5aved output | 55 Pipefine 53 154 Profile

60000531
60000239
60000241

{ ¥d2_shr.ns.d40s xdd0, xdd0, xdd1
{ xd2_clarps.d40s xdd0, xdd0, 15;
wd2_s.d16 xddo, a1, 4

60000244
60000247
60000242
5000024
60000350

- =7

116si a7, a1, 2

hlti a7, 3, 60000a4d <overloac+Oxd
j 6000022 <overload+0xez>

l16si all, a1, 2

l16si 210, a1, O

60000553
60000355
60000357
60000252
60000a5d

add.n 210, 210, a1l

addi.n 210, a10, -1

bgei 210, 4, 6000036C <overload+0;
l16si 213, a1, 2

l116si 412, a1, 0

6000060
60000362
60000264
60000367
60000269

add.n a12, a1z, al3

addin a1z, a1z, -1

sext a1z, alz, 15

=320 alz, al, 44

j 60000280 <overload+0x80>

GO000&6C
GO00026e
60000271
60000274
G0000&76

movi.n als, 4

l16si a2, al, 2
l16si ald, a1, 0
add.n a14, a14, a2
addi.n ai4, a4, -1

Figure 7. The pipeline viewer helps you understand instruction stalls and latency issues

Profiling of multi-processor subsystems shows each core side by side for easy load assessment and re-partitioning guidance.

See Figure 8.

Cycles

15,EIEIEI_
m [Cache Miss Cycles
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m Interlock Cycles
Branch Delay Cycles
E-DDD_ m Total Cycles
I:I-
|
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Figure 8. Multi-core profiling
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Vectorization Assistant

Vectorization is the process of transforming the flow of your
code (from the usual handle one data item at a time) into a

parallel loop that operates on multiple data items at once.

The Xtensa compiler is capable of performing this transfor-

mation automatically, but you can help it exploit implicit
parallelism in your code by eliminating certain patterns of
data access that prevent successful vectorization.

The Vectorization Assistant finds and displays loops in your

code that could be "vectorized" by the compiler if the
source was tweaked. Locating area in the code that have
not been vectorized, but could be, can take a long time

looking at profiles, assembler and pipeline views — then you

have the task of doing the optimization to make it vectorize.
In a few clicks, the Vectorization Assistant gets you to the

loops in your source code that would benefit the most from
vectorization.

The list of messages shown is initially sorted by the number
of processor cycles used by a given loop, such that the

most expensive loops appear first. You can focus the view
on a particular file, folder, or project; you can filter out cer-
tain classes of messages that are not currently interesting;
and you can hide messages that you do not wish to ad-

dress at the moment.

Figure 9 shows an annotated screenshot of the Vectoriza-
tion Assistant.

& Profile Results

Messages
File,Line,Cycles

outptrifcol]

() Benchmark - libjpegfjccolorc - Xtensa Xplorer E
File Edit Refactor Navigate Search Project Tools Run Window Help

| £3> | Ra | B8] | P:cjpegv C:DC_D_545CKv T: Releasev Build Activev
[r=N TN,
@ Benchmar 2 . = 0 L cdjpeg.c [&] jecolorc 82 . [g vfprintf.c
- ] I[Ws 10K outptr2 = output_buf[2][output_row];
2 W :i.\.-l? outpUT_row++;
11K for (eol = 0; col < num_cols; col++) {
@ P:cjpeg C:DC_D_549|| JECRELITS = GETJSAMPLE (inptr[RGE_RED]);
;”,- 786K q = GETISAMPLE (inptr[RGB_GREEN]);
786K b = GETISAMPLE (inptr[RGB_BLUE]);

inptr += RGB_PIXELSIZE;

/¥ If the inputs are 0..MAXISAMPLE,

| Runv Profile~ Debug~ Tracew

the outputs of these equzj
* must be too; we do not need an explicit range-limiting ope

* Hence the value being shifted is never negative,

* need the general RIGHT_SHIFT macro
¥/
[ Y %f

159 5504K outptré(col] = (JSAMPLE)

((ctab[r+R_Y_OFF] + ctab[g+G_Y_OFF] + ctab[b+B_Y_OFF])

>> SCALEBITS);
/¥ Cb %/
= (JSAMPLE)
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Figure 9. Vectorization Assistant helps find areas that can be improved
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SOC Modeling

Many SOC designs today employ multiple processors. As SOC
design becomes more complex, new methods to describe, de-
bug and profile overall system performance need to be em-
ployed. Unfortunately, most software development tools ven-
dors do not provide pre-silicon simulation environments for
multiple processor SOCs. Tensilica offers two modeling tools:
XTMP (XTensa Modeling Protocol) for modeling in C and XTSC
(XTensa SystemC) for modeling in SystemC.

Both tools are powerful additions to Tensilica’s software devel-
opment toolkit. They provide an Application Programming Inter-
face (API) to the ISS, allowing fast and accurate simulation of
SOC designs incorporating one or more processor cores. Run-
ning up to 10,000 times faster than RTL simulators, the XTMP/
XTSC environments are potent tools for software development
and SOC design. Both tools give you the ability to rapidly ex-
plore SOC partitioning alternatives and HW/SW performance
tradeoffs. See Figure 10.

XTMP and XTSC are used for simulating homogeneous or heter-
ogeneous multiple processor design subsystems as well as
complex uni-processor architectures. Use Xplorer’'s multi-
processor project to instantiate multiple processor subsystems
(or do it manually) and optionally connect them to custom pe-
ripherals and interconnects. You can create, debug, profile and
verify combined SOC and software architectures early in the
design process. As the simulator operates at a higher level than
HDL simulations, simulation time is cut drastically. See Figures
11 and 12.

XTMP and XTSC are integrated into the Xtensa Xplorer IDE,
which automates the creation and development of multiple pro-
cessor subsystem simulations. For XTMP, simulations are de-
scribed in standard C code, which you can modify to allow more
complex systems and additional simulator control if required.
For XTSC, simulations are described in standard SystemC code.
In addition, you have full visibility into all aspects of the simula-
tion through the extensive APl. Designers can use a single
Xplorer to debug all simulated cores for additional visibility.

Xplorer manages all of these connections for you in its IDE for
simplicity and easy viewing of any core.

Modeling of Local and System Memory

XTMP and XTSC allow memory modeling of both local and sys-
tem memory. System memory can have programmable laten-
cies specified for different transaction types, allowing an accu-
rate system simulation for analyzing performance tradeoffs.
Memory-mapped peripherals may be included in an XTMP/XTSC
system simulation, and functions are provided to connect the
processor to peripheral devices.

A Multi-threaded Environment

An XTMP or XTSC simulation runs in a multi-threaded environ-
ment, with each processor running in its own thread. Core
threads can be run asynchronously or synchronized through
events using the attached debugger. Another option is to run all
cores in lock-step, cycle-by-cycle mode. If one core stops on a
break, all cores stop until it resumes. XTMP and XTSC have
many of options for implementing, controlling and displaying
results of system simulations deploying multiple cores, memo-
ries, and user-defined devices.

Pin-Level SystemC CoSimulation with Verilog

Additionally, Tensilica provides a link between its pipeline-
accurate, cycle-accurate ISS and the leading Verilog simulators.
Designers can now run pin-level SystemC co-simulations of
Tensilica DPUs in their native Verilog simulators with pin-level
XTSC. See Figure 11.

Modeling

Use XTMP/XTSC to instantiate and connect models/RTL

Xtensa ISS
Libraries

User Device
Models

Compile and link
on Host

Application Code

Figure 10. Using the ISS with XTMP or XTSC for modeling
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Modeling with XTMP

XTMP
Device A Device B
Model g Rt 8 Model
Producer core Consumer core
\ \ \ \
System
RAM ROM ey RAM ROM

XTMP_core consumer = XTMP_coreNew("consumer", config);
XTMP_core producer = XTMP_coreNew("producer", config);

XTMP_queue fifo = XTMP_queueNew("fifo", width, depth);
XTMP_connectQueue(fifo, producer, "FIFO_OUT", consumer, “FIFO_IN");

Figure 11. XTMP provides a simulation environment using instantiations of multiple pro-
cessor capable ISS, memory models and connectors

Modeling with XTSC

XTSC
Device A Device B
SystemC NE SystemC
‘ Pin Level XTSC ‘
FIFO
Producer core Consumer core
\ \ \ \
System
RAM ROM ot RAM ROM
xtsc-run

-set_queue_parm=depth=4
-create_core=Producer
-connect_core_queue=Producer,FIFO_OUT,fifo
-create_core=Consumer
-connect_queue_core=fifo,FIFO_IN,Consumer

Figure 12. With its pin-level modeling capabilities, XTSC allows co-simulation

with Verilog tenS,hca
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Instruction Set Simulator Performance Comparison with Other Tools

Simulation Speed

20 to 50 MIPS?

Modeling Tool

Stand-alone ISS in TurboXim mode

Benefits

Fast functional simulation for rapid application
testing

1.5 to 40 MIPS!2

XTMP or XTSC in TurboXim mode

Fast functional simulation for rapid application
testing at the system level

800K to 1,600K cycles/second

Stand alone ISS in cycle-accurate mode

Software verification and cycle accuracy

600K to 1,000K cycles/second?

XTMP in cycle-accurate mode

Multi-core subsystem modeling and cycle accu-
racy

350K to 600K cycles/second?

XTSC in cycle-accurate mode

Multi-core subsystem modeling with SystemC
interfaces and cycle accuracy

1K to 4K cycles/second

Verilog RTL simulation

Functional verification, pipeline-cycle accuracy
and high visibility and accuracy

10 to 100 cycles/second

Verilog gate-level simulation

Timing verification, pipeline-cycle accuracy and
high visibility and accuracy.

1. TurboXim mode simulation speed is an estimate for relatively long-running application programs (1 billion instructions or more)
2. Simulation speed is an estimate for a single Xtensa core in XTMP or XTSC

Summary

The Xtensa Xplorer Integrated Development Environment
is a complete GUI-based collection of tools that allows the
software developer to create code for systems based on
Xtensa processors. From project implementation to code
generation to analysis, the Xtensa SDK enables you to
achieve fast time-to-market while employing one of the
most efficient 32-bit architectures available today. Xtensa
processors lower total system costs and help design teams
construct extremely high-performance system architec-

tures.
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