CSCE 313: Embedded Systems

Multiprocessor Systems

Instructor: Jason D. Bakos
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Scaling to Multiple Processors
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e DRAM:
— Peak DRAM bandwidth = 32 bits / 4 bytes per cycle (200 MB/s)
- Maximum fps = 200 MB/s / 225 KB/frame = 910 fps

e SRAM:
- Width = 16 bits, so roughly half
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Multiprocessor Systems

e Platform Designer allows you to add multiple CPUs to your
design

e The CPUs can share memories and other system
components
— Connect instruction and data masters to SDRAM controller

— Connect data master to pixel buffer DMA, SRAM, and performance
counter

e Platform Designer also offers hardware components to
allow multiple CPUs to synchronize and communicate

e Having multiple CPUs allows you to speed up the system by
taking advantage of parallelism
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Multiprocessor Systems

e Without an OS, the linker (encoded in the ELF file)
determines the memory addresses used for:

- Code
— Global variables
— Stack
- Heap

e Must make sure code from different processors don't “step
on” each other

e Can still use program controlled memory using constant
memory addresses:

- volatile int *shared_memory = Ox<hex address of memory>
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Adding Processors

L The reset VeCtOr aCtS as I@VEC’IOFS‘CaEhES and Memory Interfaces | Arithmetic Instructions | MMU and MP
an offset to all the address | [Resetvector

Reset vector memory: new_sdram_controller_0.s1 b
Spa NS a | Iocated by the Reset vector offset: 0x00800000 |
I | N ke r Reset vector: 0x08800000
[- Exception Vector
Exception vector memory: new_sdram_controller_0.s1 X
PY Defa u |t . Exception vector offset: 0x00800020
Exception vector: 0x08800020

- reset vector: 0x0
] . |- Fast TLB Miss Exception Vector
— exce pt| on VeCtor . OXZO Fast TLB Miss Exception vector memory:

: |[None -

Fast TLB Miss Exception vector offset:  |0x00000000

Add 4 MB t Fast TLB Miss Exception vector: 0x00000000
o separation
between processors: for cpu1-> 1400000
_ 1024 x 1024. . = reset vector Ox
goxoogg X 102%10 exception vector 0x800020
16
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CPUID

e Each processor must o L
. . Main | Vectors | Caches and Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug| Advanced Features
be able to self-identify | e

[ ]ECC Present

to be h a Ve a CCO rd I n g |y Interrupt controller: Internal v:

Number of shadow register sets (0-63): |

[ ]1ndude cpu_resetrequest and cpu_resettaken signals

o C P U I D reg I Ste r These signals appear on the top-level Qsys system. You must manually connect these signals to logic external to the Qsys s

p rov i d e S t h i S CPUID control register value:
IDifs pas=mretthle Nios 11 cores sharing code

fu n Cti O n a I ity : Assign unique values for CPU

|| Generate trace file during RTL simulation

. o |- Exception Checking \
CpUld - bUlItln_rdCtI(S); [ Misaligned memory access \
|- Branch Prediction \
Branch prediction type: Dynamic v
Number of entries (2-bits wide): 256 Entries /|
|- RAM Memory Protection \

Include reset_req signal for OCI RAM and Multi-Cycle Cu§om Instructions

for cpu1, cpuid=1
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Adding Processors

e (Create second app and bsp for second processor:

(in software directory)

nios2-swexample-create --name=lights --sopc-file=../nios_system.sopcinfo --
type=hello_world --cpu-name=nios2_gen2_1 --app-dir=Ilights2 --bsp-dir=Ilights2_bsp
cd lights2

.Jcreate_this_app

e Link original hello_world.c (do for all source files):
rm hello_world.c

In ../lights/hello_world.c

In ../lights/myfile.h

In ../lights/myfile.c

nios2-app-update-makefile --add-src-files myfile.c --app-dir .
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Running Two Processors

e Start GDB on both:

nios2-gdb-server --tcpport 8000 --tcppersist --instance 0&
nios2-gdb-server --tcpport 8001 --tcppersist --instance 1&

e Debug both (in two terminals):

nios2-elf-gdb lights/lights.elf

target remote localhost:8000

load

Loading section .entry, size 0x20 Ima
0x8000000

Loading section .text, size Ox11a6¢c Ima
0x8000020

Loading section .rodata, size 0x38798 Ima
0x8011a8c

Loading section .rwdata, size Oxb58 Ima
0x804ad7c

Start address 0x8000020, load size 306556
Transfer rate: 124 KB/sec, 398 bytes/write.

nios2-elf-gdb lights2/lights.elf

target remote localhost:8001

load

Loading section .entry, size 0x20 Ima
0x8800000

Loading section .text, size 0xdc80 Ima
0x8800020

Loading section .rodata, size 0x38708 Ima
0x880dca0l

Loading section .rwdata, size Oxadc Ima
0x8846e84

Start address 0x8800020, load size 290436
Transfer rate: 129 KB/sec, 398 bytes/write.
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Processor Synchronization

e Make any processor reaching the barrier wait until all
processors reach that point

- Useful when parallelized computations occur in “stages”

time processor 0 processor 1
barrier — — l - -
(hold)
——————————— Y— = Darrier
v v

\4
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Dividing up the Work

How do you divide the work amongst multiple independent CPUs?
In the context of lab 3...

CPUO

A

Apply
transformation
to even rows
and send output
pixels to SRAM

for
(i=cpuid;i<rows
ji+=2)

CPU 1

A

Apply
transformation
to odd rows and
send output
pixels to SRAM
for
(i=cpuid;i<rows
Ji+=2)

— — — — barrier
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Implementing Barriers

% On-Chip Memory (RAM or ROM) Intel FPGA IP - onchip_memory2_0 -

e Instance an on-chip memory “ o e o o) i 9

nchip_memor: vZ

e Connect memory to all CPUs Dilpe |

Type: RAM (Writable) ~
|| Dual-port access

e Associate a counter for each O

s1 Read During Write Mode: DONT_CARE +
( P' | [eS||  Block type: AUTO v/
[era
|- Size
e When processor A reaches the e s i ot s
Slave 51 Data width: 32 -

barrier, increment all counters
except counter A e —

e Then, wait until counter A T —— '

reaches count of N-1 e |

|- Memory initialization ]

e Afterward, reset counter Ato O

|| Enable non-default initialization file
Type the filename (e.g: my_ram.hex) or select the hex file using the file browser button.

["|Enable Partial Reconﬁgur:ation Initializatizr::z;: o
e Instance a mutex to ensure [
that only one CPU can update —
a counter at any time -
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System Design

new
components
e e e m e m e — e ——— -
| ITAG |
CPU 1 " UARTO [ CPU O

Avalon bus X
On-chip SDRAM Video
memory interface DMA KEYS
e o oo e e e e e e ae e e Ee e EE EE e e Ew .
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On-chip Memory and Mutex

e Make sure on-chip memory and mutex is connected to data
masters of both CPUs

= onchip_memory2_0 On-Chip Memory (RAM or ROM) Intel FPG...
clk1 Clock Input
sl Avalon Memory Mapped Slave
resetl Reset Input
2 mutex_0 Avalon Mutex Intel FPGA IP
reset Reset Input
ck Clock Input
1 Aralan Mammmer Marmmad Clooa

e Use intrinsics to bypass cache when loading and storing from
shared memories:
— TIORD_32DIRECT(address,offset)
- IOWR_32DIRECT(address,offset,data)

e Code modifications:

— Include files:
e #include <system.h>
e f#include <altera_avalon_mutex.h>
e #include <io.h>
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Barrier Code

void barrier () { do {
volatile alt_u32 *counters = ONCHIP_MEMORY2_0_BASE; count = IORD_32DIRECT(&counters[cpuid],0);
int i,count; } while (count !'= NUM_CPUS-1);
alt_mutex_dev *my_mutex;
alt_u32 cpuid; altera_avalon_mutex_lock(my_mutex, 1);
IOWR_32DIRECT(&counters[cpuid],0,0);
cpuid = __ builtin_rdcti(5); altera_avalon_mutex_unlock(my_mutex);
my_mutex = altera_avalon_mutex_close(my_mutex);
altera_avalon_mutex_open("/dev/mutex_0"); 3}

if (!my_mutex) {
perror("error opening mutex");
return O;

}

for (i=0;i<NUM_CPUS;i++) {
if (i'=cpuid) {
altera_avalon_mutex_lock(my_mutex, 1);
count = IORD_32DIRECT(&counters[i],0);
count++;
IOWR_32DIRECT(&counters[i],0,count);
altera_avalon_mutex_unlock(my_mutex);
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BSP Editor Linker Script

Nios Il BSP Edito

File Edit Tools Help
[ Main |’ Software Packages | Drivers | Linker Script [ Enable File Generation |’ Target BSP Directory
Linker Section Mappings
Linker Section Name Linker Region Name Memory Device Name Add..
sdram 0 BEFORE RESET [~ |sdran_o Fp—
sdram_0
sdram sdram Restore Defaults.
sdram_0_BEFORE_RESET sdram_g
sdram_0_BEFORE_RESET sdram_g
sdram_0_BEFORE_RESET sdram_0
sdram_0_BEFORE_RESET dran_0
sdram O BEFORE RESET B

Nios Il BSP Editor - settings.bsp
Edit Tools Help
[ Main |’ Software Packages | Drivers | Linker Script | Enable File Generation | Target BSP Directory

File

Linker Memery Regions

Linker Region Name Address Range = Memory Device Name Size (bytes) Offset (b Linker Section Mappings

cfi_flash_o 0501000000 - OxCL3FFFFF  [cfi_flash o 4194304
sdran_0 0x00000020 - OxOOFFFFFF dran_0 4194279 4194338 Linker Section Mame = Linker Region Name Memory Device Name Add...
reset x60C08060 - OxOOCOOGLF  |sdram_o 32| 4194304 Sdrang sdran_0 Remove.
sdram_G_BEFORE_RESET 0x00800060 - OxO0BFFFFF  |sdram_8 4194304 0 esel sdran_0 Restore Defaults
onchip_memory2 1 0x00004000 - 0x000041FF  |onchip_memory2 1 512 afl|: P sdran_0 sdran_0 =
onchip memory2 0 OxO0003000 - OxO00B3LFF  Jonchip memory2 0 519 off| [-heap sdran_0 sdran_o

.rodata sdram_@ sdram_0

.rwdata sdram_g sdram_0

.stack sdram_@ sdram_0

text sdram @ sdram 0

Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file.

Linker Memory Regions

Information | Problems | Processing |

= = = Linker Region Name Address Range > Memory Device Name Size (bytes) Offset (bytes)
© Mapped module: *hex 47 ta use the default driver version. cfi flash 0 0x01000000 - OXOL3FFFFF  |cfL flash O 4194304 a
@ Mapped module: "hex 5" to use the default driver version. sdran_0 0x00C00020 - OXEOFFFFFF  |sdram_0 4194272 4194
@ Mapped module: "hex 6" to use the default driver version. reset 9x0BCE0000 - GxO0COOELF  [sdram_o 22 4194304 Restare Defaults...
(© Mapped module: "hex 7" to use the default driver version sdram_0_BEFORE_RESET 0xBEBEGO00 - GxOOBFFFFF  (sdram_0 4194304 e
@ Mapped module: "video_pixel_buffer_dma_0" to use the default driver version onchip_memory2 1 0x00ER4000 - Ox000041FF onchip_memory2 1 512| a Add Memory Device
(@ Mapped module: "sysid" to use the default driver version onchip memory2 0 0x00083000 - 0x000031FF onchip memory2 0 512 e
(@ Finished loading drivers from ensemble report
© Loading BSP settings from settings file. Memory Usage. .

Memory Map...

(@ Finished loading SOPC Builder system info file "../../nios_system.sopcinfo [relative to settings file]"

E Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file.

Information | Problems | Processing |
@ Added device driver for "cfi_flash_0" to alt_sys_initl) in alt_sys_init.c.
(@ Added device driver for "video_character_buffer_with_dma_0" to alt_sys_init() in alt_sys_init c
(@ Added device driver for "performance_counter_0" to alt_sys_init) in alt_sys_init.c.
(@ Added device driver for "lcd_0" to alt_sys_initi) in alt_sys_init.c.
(@ Added device driver for "video_pixel_buffer_dma_0" to alt_sys_init() in alt_sys init.c
(@ Added device driver for "sysid" to alt_sys_init() in alt_sys_init.c.
(@ Mapped section ".exceptions” to memory region "sdram_0".

»

(@ Mapped section * entry" to memaory region "reset’
@ Finished generating BSP files. Total time taken = 2 seconds -
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Notes

e Only clear screen with one processor, e.qg.

if (cpuid == 0)
alt_up_pixel_buffer_dma_clear_screen(my_pixel_buffer,0);

e Match cache sizes on processors

e Instance second floating-point instructions for second CPU

e Number of instructions per pixel should remain the same as
Lab 3

— CPI will change
— Effective cycles per pixel will change
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