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Nios Il Processor - Niosll Evaluation Board

Nios Il is a32-bit embedded-processor architecturgesigned
specifically for the Altera family of FPGA.

Nios Il incorporates many enhancements over the original
Nios architecture, making it more suitable for a wider mnge
of embedded computing applications, from DSP to system-atvol .

Nios Il architecture is a RISC soft-corearchitecture which is
implemented entirely in the programmable logic and memorplocks
of Altera FPGAs.
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Nios Il Processor Architecture Nios Il Processor Core Block Diagram
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Nios Il Processor Architecture
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Nios Il Processor Architecture

Table 5-1, Nios Il Pracessor Cares (Part 1 0/2)
Feature Core
Nios life Nios Il/s Nios 171
Objective Minimal core gize Small core size Fast exacution spead
Performance | DMIPSMHz (1) 015 0.74 116
Max. DMIPS (2) 31 127 218
Max. fyax (2) 200 MHz 185 MHz 185 MHz
Area < 700 LEs: < 1400 LEs: < 1800 LEs;
< 350 ALMs <700 ALMs < 500 ALMs
Pipeline 1 Stage 5 Stages 6 Stages
External Address Space 2 Ghytes 2 GBytes 2 GBytes
Instruction | Cache - 512 bytes to 64 512 bytes to 64 kbyles
Bus kbytes
Pipelined Memory Access - Yes Yes
Branch Prediction - Static Dynamic
Tightly Coupled Memory = Optional Opticnal
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Nios Il Processor Architecture

Table 5-1. Nios Il Processor Cores (Part 1012)

Feature Core
Nios life Nios Il's Nios 171
Objective Minimal core gize Small core size Fast exacution spead
Performance | DMIPSMHz (1) 015 0.74 116
Max. DMIPS (2) 31 127 218
Max. fyax (2) 200 MHz 185 MHz 185 MHz
Area < 700 LEs: < 1400 LEs; < 1800 LEs;
< 350 ALMs <700 ALMs < 900 ALMs

| Table 1. Cyclone Family Device Overview

Logic Elements | Maximum PLLs | M4K RAM Blocks | Total RAM Bits | Maximum User VO Pins
1 13 1

EP1C3 2,910 558,904 104
EP1C4 4,000 2 17 78,338 301
EP1C6 5,980 2 20 92,160 185
EP1C12 12,060 2 52 239,616 249
EP1C20 20,060 2 64 294,912 301
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Processador NIOS Il

Table 5-1, Nios Il Pracessor Cares (Part 1 0/2)
Feature Core
Nios life Nios Il's Nios 171
Objective Minimal core gize Small core size Fast exacution spead
Performance | DMIPSMHz (1) 015 0.74 1.16
Max. DMIPS (2) 31 127 218
Max. fyux (2) 200 MHz 185 MHz 185 MHz
Area < 700 LEs: < 1400 LEs; < 1800 LEs;
< 350 ALMs <700 ALMs < 500 ALMs

| Table 2. Comparison of FPGAs in the Stratix Series

Stratix Il L Stratix Ill E swatxil |  Staux |

Equivalent Logic 105,600 to 4750010 4750010 15,600 to 10,570t
Elements 81,100 338,000 254,400 179,400 79,040
Adaptive Logic 4224010 19,000 to 19,000 to 6240 to NIA |
Modules 272,440 135,200 101,760 71,760

Total RAM (Kbits) 8244022077 | 1,836 to 16,272 | 5,328 to 14,688 | 410t0 0,163 | 899107,253
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Nios Il Processor Architecture

Low-Cost
Embedded Solution

Complex
Embedded System-on-a-Chip _

Processor?

Cyclone Series & Nios Il Economy
CPU = 20% of Device
20 DMIPS
As Low as 35¢

CPU 1% of Device

Another common representation of the Dhrystone benchmark isthe DMIPS - Dhrystone MIPS:
obtained when the Dhrystone score is divided by 1,757 (Dhrystone is asynthetic computing benchmark program)

Altera: Processor Architecture, Nios 11 Processor Reference Handbook - File: n2cpu_nii51002.pdf
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Nios Il Processor Architecture

Soft IP Core (SOPC - System on a Programable Chip)
A soft-core processor is a microprocessor fully described in software, usually
in an HDL, which can be synthesized in programmable hardware, such as FPGAs.
Reduced Instruction Set Computer (RISC)
No pipeline, 5 or 6 stages pipeline configurations
Full 32-bit instruction set, data path, and address space
32 general-purpose registers: r0 - r31
6 control registers
32 external interrupt sources
Access to a variety of on-chip peripherals, and interfaces to off-chip memories and
peripherals
e Software development environment based on the GNU C/C++ tool chain and
Eclipse IDE

Altera: Processor Architecture, Nios 11 Processor Reference Handbook - File: n2cpu_nii51002.pdf
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R Egister File The Nios Il architecture supports a flat register file, consisting of thirty
two 32-bit general-purpose integer registers, and up to thirty two 32-bit
control registers. The architecture supports supervisor and user modes
that allow system code to protect the control registers from errant
applications.

General Purpose Registers

0> The Nios Il has 32 regs of 32-bit general-purpose: Registers r0-r31
r0 (zero) has always the value 0 (zero-register)
0O r31 (ra) holds the return address used by procedure calls and is
implicitly accessed by call and ret instructions

0> C and C++ compilers use a common procedure-call convention,
assigning a special meaning to register rlthrough r23 and r26 to r28
(Application Binary Interface)

> Access to certain registers, such as et(r24), bt(r25), ea(r29) and ba(r30)

is limited to certain execution modes

Altera: Processor Architecture, Nios 11 Processor Reference Handbook - File: n2cpu_nii51002.pdf
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Nios Il Processor Architecture

Control Registers

0> There are six control registers: ctlO to ctl5

0> Control registers can only be accessed in supervisor mode by the special
instructions rdctl and wrctl

0> Each register has also an individual name that is recognized by the
assembler: status, estatus, bstatus, ienable, ipending, cpuid

Operation Modes

0> Nios Il is prepared to operate in the following modes

0O * Supervisor mode : All defined processor functions are available and
unrestricted

0 * User mode : Some processor features, like the control registers, are
instructions accessing them will cause an exception

0 * Debug mode : Debug mode is used by software developing tools.

In debug mode all functions are accessible
15
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Nios Il Processor Architecture

Nios Il esls

Addressing Modes :

e The Nios Il architecture supports the following
addressing modes:
» Register addressing: all operands are registers, e g. add
r6, r7, r§
= Displacement addressing. address is calculated as the sum
of a register and a signed, 16-bit immediate value, e.g. 1dw
r&, 100(x5)
» Immediate addressing: the operand is a constant within the
instruction itself, e. 9. movi r6, -30
. Re[gfsrer indirect addressing: as in disEPIacement adressing,
but'the displacement is the constant 0, e.g. 1dw ré&,
(r5)
= Absolute addressing: as in displacement addressing, but
register rQ (zero) is used, e.g. 1dw r&, 100 (r0)
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Nios Il Processor Architecture

Nios Il Instruction Set

Data Transfer

e Nios |l has a RISC (Reduced Instruction Set
Computer) load-store architecture

e Load and Store instructions handle all data
movement between registers, memory, and
peripherals

e There are instructions for both cached (1dw, stw)
and uncached access (1dwio, stwio)

e There are instructions that support half-word and
byte transfers

e Example: stw r5, (r9) stores the value of word
in r5 in the memory location that is given by r9

September 5, 2005 281445 Embedded Jystems L)
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Nios Il Processor Architecture

Arithmetic Lug jc  The Nios Il ALU operates on data stored in general-purpose registers.
. ALU operations take one or two inputs from registers, and store a result
Unit back in a register. The ALU supports the data operations shown in
Table 2-1.

Table 2—1. Operations Supported by the Nios Il ALU

Category Details

Arithmetic The ALU supports addition, subtraction, multiplication, and division on signed and unsigned
operands.

Relational The ALU supports the equal, not-equal, greater-than-or-equal, and less-than relational
operations ( ==, = >=, <) on signed and unsigned operands.

Logical The ALU supports AND, OR, NOR, and XOR logical operations.

Shift and Rotate | The ALU supports shift and rotate operations, and can shift/rotate data by 0 to 31 bit-positions
per instruction. The ALU supports arithmetic shift right and logical shift right/left. The ALU
supports rotate left/right.

18
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Nios Il Processor Architecture

Intruction Set - Example of Code

0x01009c68 <write+0x114=:  Oxdf000717 Idw fp. 28(sp) [memAddr=0x1fab4 IdData=0x1fffed dstReg=fp]
0x01009c6e <write+0x118=:  Oxdec00904 addi sp. sp. 36 [dstData=0x1fffBbc dstReg=sp]

0x01009c70 <write+0x11c>.  0xf800283a ret [targetPch=0x1006d68]

0x01006d68 <_write_r+0x24>: 0x1007883a mov r3, 12 [dstData=0x11 dstReg=r3]

0x01006d6c <_write_r+0x28>: 0x00bffcd  movi r2, -1 [dstData=0fffT dstReg=r2]

0x01006d70 <_write_r+0x2c>: 0x18800526 beq r3, r2.0x1006d88 [failed]

0x01006d74 <_write_r+0x30=: 0x1805883a mov r2, r3 [dstData=0x11 dstReg=r2]

0x01006d78 <_write_r+0x34>: Oxdfc00117 Idw ra, 4(sp) [memAddr=0x1f3c0 |dData=0x1003f58 dstReg=ra]
0x01006dTc <_write_r+0x38=: 0xdc000017 Idw r16, O{sp) [memAddr=0x1ffébc IdData=0x11 dstReg=r16]
0x01006d80 < write_r+0x3c>: Oxdec00204 addi sp, sp. 8 [dstData=0x1fffdcd dstReg=sp]

0x01006d84 <_write_r+0x40=: 0xf800283a ret [targetPch=0x1003f38]

0x01003f58 <fush+0x74>: 0x%80a1cB83a subr16, r16, r2 [dstData=0x0 dstReg=r16]
0x01003f5¢c <fush+0x78>: 0x%80a5883a add r18, r18. r2 [dstData=0x1ffh05 dstReg=r18]
0x01003f60 <fush+0x7c>: 0x00bff716  blt r0. r2. 0x1003M0 [passed]

0x01003f40 <fush+0x5c=: 0x04000d0e bge r0. r16,0x1003f78 [passed]

0x01003f78 <fush+0x94>: 0x0007883a maov rd. 10 [dstData=0x0 dstReg=r3]

0x01003f7c <fMush+0x98=: 0x1805883a mov r2. 13 [dstData=0x0 dstReg=r2]

0x01003f30 <fush+0x9c>: Oxdfc00317  ldw ra. 12{sp) [memAddr=0x1ffad0 [dData=0x1000698 dstReg=ra]
00100384 <fush+0xal=: 0xdc000217 Idw r18. Bisp) [memAddr=0x1fffcc |dData=0x11 dstReg=r16]
0x01003f88 <flush+0xad>: Oxdc400117 Idw r17, 4isp) [memAddr=0x1ff8cs ldData=0x1ffa98 dstReg=r17]
0x01003f8c <fMush+0xad=: 0xdc800017 Idw r18. O{sp) [memAddr=0x1ff5cd |dData=0xdeadbeef dstReg=r18]
001003190 =flush+0xac=: Oxdec00404 addi sp. sp. 16 dstData=(x1fffdd4 dstReg=sp]

00100394 =fush+0xb0:=: 0xf800283a ret EtargetF'cbZ[]xmﬂﬂSQB]
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MrE S| W AR L R e 4 (B s 1 ¢y |

B 105 0 o+ Projects = O |[B= outlne 82 =0
527 #include <stdio.h> -] Base ¥

525 aktera.components I = ctdioh

S blink leds_01 int mainf) @ rain

(5 bink_leds_01_sysib [standard_1c12] £

S blink leds_02 printf("Hello from Nios II - Simulado!\n"):

= =% Hello_Simul

[#-4€p Binaries return 0:
= ¥ .
i NioslI-1IS

Debug

[£] hello_world.c
=1 application stf
[ readms bt

T s C: ra80 s2eds hin/ni =

2 Hello_Simul_syslib [standard_tc12] 5"{2;;’_1)5?“‘ Geraltera Bl micsZedsyinil _—8
S pise_hello_world nTtera Nios IT 1SS Softuare Simulation Environment 5 OB
15 piss_hello_warld_svslib [standard_1c17] | etk et L] =

15 simple_socket_serve_01 3 PC Builder PT.
& syslb

#-1=% simple_socket_serve_01_sysib [standard_

it
he simulator.

€
is not supported by the simula
it

»
are attempts to access sib L
1d
Id_sysls |
¥
is jtag_uar =.=0
_Launch_Te g Lo

1T - Sinuladot
program has terminated
7359

uctions cuted =
imulation r

return code B
ng standard_lcl2 model with return code B <@ fatal errors, @ errors,
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NioslI-1IS: Niosll Instruction Set Simulator

Usando o NioslI-IIS:
- Gerar um programa compilado usando o NIOS Il IDE
- Abrir o Niosll Command Shell (Terminal)
- Executar o NioslI-ISS.exe
Diret6rio:
C:\altera\80\nios2eds\bin\nios2-iss.exe

- Exemplo de Comando:
C:/altera/80/nios2eds/bin/nios2-issf Meu_Prog.elf-p standard_1c12.ptf

C:/altera/80/nios2eds/bin/nios2-isstd -f Meu_Prog.elf-p standard_1c12.ptf

-tr
-h
23
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[Niosll EDS]$ C:/altera/80/nios2eds/bin/nios2-iss 4fello_Simul.elf -p standard_1c12.ptf

Altera Nios Il ISS Software Simulation Environment Version 5.0
Copyright (C) 2005 Altera Corporation

Info : Successfully read SOPC Builder PTF file 'stadard_1c12.ptf’

Warning : SOPC Builder system component button_pios not supported by the simulator.
Simulation may be incorrect if your software attemyis to access it

Warning : SOPC Builder system component led_pio is @t supported by the simulator.
Simulation may be incorrect if your software attemyis to access it

Warning : SOPC Builder system component sysid is nastupported by the simulator.
Simulation may be incorrect if your software attemyis to access it

Warning : SOPC Builder system component sdram_pll isiot supported by the simulator.
Simulation may be incorrect if your software attemyis to access it

Info : Configuring ‘standard_1c12' model

Info : PTF Setting jtag_uart/SYSTEM_BUILDER_INFO/Is s_Launch_Telnet="0" detected
Info : ‘jtag_uart' character stream will be displayed in this window

Info : The host communication device for stdin is jag_uart

Info : The host communication device for stdout istag_uart

Info : The host communication device for stderr is fag_uart

Info : PTF Setting uartl/SYSTEM_BUILDER_INFO/Iss_Launch_Telnet="0" detected
Info : 'uartl' character stream will be displayed in this window

Info : Running 'standard_1c12' model

Hello from Nios Il - Simulado!

Info : Component cpu's program has terminated

Info : Instructions executed = 7359

Info : cpu simulation return code 0

Info : Exiting standard_1c12 model with return codeO (0 fatal errors, O errors, 4 warnings)
Icygdrive/c/altera/kits/nios2_51/examples/verilogipsli_cyclone_1c12_eval/standard/software/Hello_Sia¥Debug
2 [Niosll EDS]$

Agosto 2008
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NioslI-1IS: Niosll Instruction Set Simulator
Usando o Niosll-1IS com o NIOS Il IDE:

- Configurar o PROJECT para que seja usado o NioslI-IIS
> Clicar com o botédo da direita
> Selecionar uso do simulador

.. pise_hello_world - Nios Il CJC++ - hello_world.c - Nios || IDE
File Edt Refactor Mavigate Search Project Tools Run Window Help

s Big-&-E-gi- 0 IdS i
= 03[ 12 helo_world.c 57 ~_
RS
B $ #include <stdic.h>
#35 altera.components
15 biink_leds_01 int main()
B (5 blink_leds_01_syslib [standard_1c12] 1
#5 bink leds_02 char chewada[10]= {0,0,0,1,0,0,0,0
CREE o -
| Mew L4 .
— -
. NioslI-IIS
R int andar_org:
Open in New Window int i, delay;
-]
Rebuid Inck
Sl printf("Hello from Nios LI .fful
Active Buld Corfiguration ¥ \nh ")
P hios 11 Hardware
Debug As > | (E2) tios I1 Instruction Set: Smulator
Buid Project | [ vios T Modelsim
|

Clean Project

" 4 Lautorbach N T Tnstruction Sek Simulator

sensor[il=1:
else

Copy

25
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NioslI-1IS: Niosll Instruction Set Simulator
Usando o Niosll-11S com o NIOS Il IDE:

- Configurar o PROJECT para que seja usado o NioslI-IIS
> Clicar com o botdo da direita
> Selecionar uso do simulador

." pise_hello_world - Nios || CIC++ - helle_world.c - Nios Il IDE
File Edit Refactor Navigate Search Project Tooks MM window Help

DY sl e : L?:J' a&% - @?v & - g%RunLastLaumhed Chrl+F11 A = sy {oie i
% Debuglastlaunched  Fil -~ Niosll-lls
044 Projects % & he| P
= = =1 | RunHistory L4 7~
B 4 I Ll . 1
- - T ] (= o Lo/ o
# =% altera.components i i
P24 2 Hios 1T Hard)
1% bink Jeds_ot in | 2 o 1 e
#1125 ik leds_D1_sysib [standard_1c12] (| Debug History » [E) 3 Nios 11155
i 15 biink_leds_02 Debug As » (B8 4 Nios 11 Madslsim
=] ull | Debug.. 0,0,0,0,0,00;
- ? Binaries | , [Sobe, D=Desce, P=Parsdo, X=De:
(2 Includes | G Esernsl Taols
- == Debug int andar org:
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