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Discussion Outline:

Embedded EPICS system

Selection of Soft-core processor.

Porting of EPICS on the target processor.
EPICS performance analysis.

Proposed Improvements.
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mview of EPICS Architecture

LAN

OPI (Operator Interface) A UNIX- or NT-based workstation or PC which can
run various EPICS tools—the “clients.”

10C (Input Output Controller) A server containing a processor with various
|/0 modules for analog and digital signals.

LAN (TCP/IP-based Local Area Network) A communication network which
connects the I0Cs and OPIs.
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Advantages of porting EPICS on Embedded
Systems:

1. Cost
2.  Size

3. Flexibility of designing EPICS embedded control

hardware or instrumentation
4. Easy Plug-in for customization

5. Real Time Performance
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FPGA based soft-core processor

What is a Soft-core Processor ?

A hardware description language (HDL) model of a specific processor (CPU)
that can be customized for a given application and synthesized for an
ASIC/FPGA target.

Time to high Time to change

Technology Performance/Cost Time until running

performance code functionality

ASIC Very High Very Long Very Long Impossible
Custom Processor/ Medium Long Long Long
DSP
FPGA Low-Medium Short Short Short
Generic Low-Medium Short Not Attainable Short

Speed-flexibility Trade-off in Embedded Systems
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“Which soft-co

3/25/2013
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re processor to sel

ect?

. . . Pipeline Area
CPU core Architecture |Bits |License P MMU |MUL |FPU Comments
depth (LEs)
Open-source 37000 -|Single-core version of
SPARC-v9 64 6 + + +
L CoiE v (GPL) 60000 |UltraSPARC T1
LEON3 SPARC-v8 gp |OPen-source |, + + + 3500
(GPL)
OpenRISC -
P OpenRISC 32 Open-source 5 . . . 6000
1200 1000 (LGPL)
MicroBlaze MicroBlaze 32 Proprietary (3,5 opt opt opt 1324 Limited to Xilinx devices
aeMB MicroBlaze |32 |OPensource|, - opt |- 2536
(LGPL) Open-source  clones  of
8 . Open- MicroBlaze
OpenkFire MicroBlaze 32 ben-sotrce {5 - opt |- 1928
(MIT)
Nios lI/f Nios II 32 |Proprietary |6 + + opt 1800
: Limited to Altera devices
Nios Il/s Nios Il 32 |Proprietary |5 - + opt 1170
. . . . Not limited to Lattice devi
LatticeMico32 |LatticeMico32 (32 [Open-source |6 - opt - 1984 ot imited fo Lafiice devices
(can be used elsewhere)
Cortex-M1 ARMV6 32 |Proprietary |3 - + = 2600
. . P ietary, . . .
PicoBlaze PicoBlaze 8 ropretary. o - - - 192 Limited to Xilinx devices
zero-cost
. . . . Not limited to Lattice devi
LatticeMico8 |LatticeMico8 8 Open-source [no - - - 200 ot imited fo Latiice devices

(can be used elsewhere)
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Advantages of soft-core processors:

Flexibility / Reconfigurability
Peripherals integration
Obsolescence mitigation
Component and cost reduction
Hardware acceleration

Education and research on Microprocessor internal
architecture.

Disadvantages of soft-core processors:

Performance

Power Consumption

Increased Design Complexity
Compiler/linker/debugger toolchain
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MicroBlaze soft-core processor

: 3 Instruction-side Datg-sid
Thirty-two 32-bit General Purpose bus nerfoce bus e
Memory Management Unit (MMU)
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Bus .
IF j> Igtcton j> | 10 IF
Instruction

Optional Memory Management Unit Detade

Harvard Memory Architecture

OPB

Pipelined Architecture

EBE

@ MFSL 0..15 or

:> RegiserFie | " | DWFSL0..15

Optional Instruction and Data Cache R 5 SFSL0.15 o
Optional MicroBlaze feature DRFSL 0.15

Optional Floating Point Unit
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Steps required:

Building Soft-core Processor on FPGA
Porting Operating System

Porting EPICS
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ilding MicroBlaze Sof
Processor on Xilinx FPGA

,,,,,
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MicroBlaze Processor:

Processor Clock Frequency : 62.50 Mhz

Local Memory ( Block RAM) : 8 KB FPGA

Cache Memory ( Block RAM): 4 KB ( 2KB Data Cache + T ‘_Du'/;a
2KB Instruction Cache) L J
Total Off Chip Memory : 144 MB

DDR2 SDRAM = 128 MB L] ol

No Memory Management Unit

3 Stage Pipelining (Size Optimized)
No Floating Point Unit JTAG =y { NoM (—Ror-¥ INTC. |—IRQ-+ TR | e
32 Bit Barrel Shifter DPB | b8

32 Bit Integer Multiplier

MicroBlaze

PLB

‘/\[-

Peripherals:

1. RS232 UARTLITE: Baudrate (bits per second) : 9600 rer || | yyar =
2. ETHERNETLITE: Link Speed : 10/100 Mbps

3. MPMC (Multi-Port Memory Controller): Controlled RQ |
interface for external (off-chip )FLASH memory
4. TIMER: Counter Bit Width : 32 Bits RS)Y)
5. INTC ( Interrupt Controller ) Configurable number of

(up to 32) interrupt inputs and a single interrupt output
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B Base System Builder - System Created

Below iz a summary of the system you have created. Pleaze review the information below, If it iz
correct, hit <Generater to enter the information into the XPS data baze and generate the system files.
Othenwige retumn to the previous page to make comections.

Processor: microblaze_(

System clock frequency: 6250 MHz

0 Chip Mema: 8 KB

Total O Chip Memaony - 144 1B
-DDRZ_SDRAM =128 MB

-FLASH = 16 MB
The address maps below have been automatically assigned. ‘'ou can modify them using the e
editing features of ¥PS. 5
PLB Bus : PLB_¥46 Inst. name: mb_plb Attached Components: z
Core Hame Instance Hame Base Addr High Addr j
wps_uartlite R5232 a1 034000000 (+3400FFFF =
wps_ethemetlite Ethemet_MaC 0«81000000 (0=3100FFFF
rrpmc: DDRZ_SDRAM_C_MP 0+33000000 (:BFFFFFFF
¥ps_mch_emc FLASH 0«E7000000 (=37FFFFFF
wps_timer wps_timer_1 0+83C00000 (=FACOFFFF
mdm debug_madule 034400000 (344 0FFFF
Wpa_intc wps_inte_0 (0x21800000 OxE180FFFF

LMB Bus : LMB_¥10 Inst. name: ilmb Attached Components:

Core Hame Instance Mame Base Addr High Addr
Imb_brar_if_crilr iImb_crtlr 000000000 (=00001FFF
LMB Bus : LME_¥10 Inst. name: dimb Attached Components: e;::c‘imn h»’m e ﬁ”"'"""""?"’z‘u ‘:’fg.,;,:
Core Name Instance Name  Base Add: High Addr ' g:::: ... 7=
Imb_brarm_if_critlr dimb_cnitlr (Ox00000000 (x00001FFF T ovons P

ocn llrse More Mlsock Ml cem ps, usen wec
W e Qe [ s e

Screenshot of the Final MicroBlaze system designed in Xilinx Platform Studio
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Porting uClinux Kernel on MicroBlaze

S

P
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ome screenshots:

uClinux v3.2.0 Configuration

Linux Kernel v2.6.20-ucB® Configuration

Processor type and features
Arrow keys navigate the menu. <Enter> selects submenus —>.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <7> for Help., </>
for Search. Legend: [=] built-in [ 1 excluded <H> module < >

Arrow keys navigate the menu. <Enter> selects submenus ———>.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help.
Legend: [*] built-in [ 1 excluded <M> module < > module capable

Network Addresses --->
efault host name: “uclinux™
efault root password: “root”
(CRAHFS) oot filesystem type
[=] opy final image to tftpboot
fipboot directory: “/tftpboot”
[«] uild u-boot
lash Partition Table -——>

Preemptible Kernel
fAre you using uncached shadow for RAM ?
Allow allocating large blocks (> 1MB) of memory
Allow placing code/data in BRAM

Uptimalized 1ib function

Boot options

Default kernel command string

1 Force default kernel command string

< Exit > < Help >

< Exit > < Help >

per Terminal
File Edit Wwiew Cal Transfer Help
0= 5 DB ®
A
flatfsd: Created 6 configuration files (192 bytes)
Mounting sysfs:
Setting hostname:
Setting up interface lo:
Setting up interface eth@:
Starting portmap:
Starting thttpd:
uclinux login: root
Password:
# 1s
bin dev etc home lib wnt proc sys tmp usr wvar
# cd bin
# 1s
Server cp gpio-test kill msh rmmod uname
[ date gunzip killall my sh uptime
agetty dd hd In passwd shutdown  version
basename  dhcpcd hello login ping telnetd vi
busybox echo hostname s portmap test wget
caServer false ifconfig 1smod ps thttpd zcat
cat flatfsd inetd mkdir pud touch
chmod free init modprobe  reboot true
cmp fipd insmod mount rm umount
#
Connected 0:02:14 Auto detect 9600 8-M-1 MU

Xilinx Spartan 3A DSP 1800 board Hyperteminal screenshot of console terminal
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Porting of EPICS on MicroBlaze

1. Customizing C/C++ codes for Portable Channel Access Server

2. Building GNU Cross Compiler toolchain for MicroBlaze-uClinux
platform (binutils-2.16, gcc-4.1.2, ghd-6.5, newlib-1.14.0)

3. Building the necessary Library Packages for MicroBlaze-uClinux
platform (libCom, libca, libcas, libgdd, librt)

4. Compiling the C/C++ codes using MicroBlaze-uClinux toolchain
Building the uClinux kernel image along with server application
6. Downloading the kernel image into FPGA
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EPICS Performance Analysis

In the performance analysis of Channel Access Server we have calculated mainly two

parameters:

Server CPU Load : Percentage utilization of CPU resource at the server end while

servicing to the client requests.

Server Processing Time: Time required by the server to retrieve, process and serve

the client requests.

Platforms in which EPICS Channel Access Performance is Tested:

1. x-86 processor
2. ARM processor

3. MicroBlaze Processor

Pipelining I-Cache D-Cache
Configuration -1 3 Stage 2 KB 2 KB
Configuration -2 3 Stage 8 KB 8 KB
Configuration -3 5 Stage 2 KB 2 KB
Configuration -4 5 Stage 8 KB 8KB
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~ Experimental setup for EPIC

Performance Analysis

———.
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CPU and Network report of x-86 Server machine
demonstrating the performance of an active CAS

CPU History

100% ; ; :
805 v Chatine] connect - Get
0% A e, P

: / \ / \ f \ ‘Channel Free

Pal 7 7% A

0% f : N : : :
60 seconds 5 0 W 3 0 10 0

B cru 15.2%

Network History
20,0 Ml

16.0 Migs 4

N ¥
e L\ ¥ il

60 seconds 50 40

By

< e

Receiving 0 bytes/s Sending 0 bytes/s
V" Total Received 217.2MiB Total Sent 135.9MiB

* No. of PVs accessed simultaneously : 100000
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CPU load performance analysis

100
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100 2

80

- - -
e //

70

e = B
/

N/

60
50

NIRRT
/ / / == Channel Connect

CPU load (%)

40

50

/ / == Channel Put

30
20

10

3/25/2013

CPU Load( in %)

o L L
/ - // == Channel Get
/ P /}( =>&=Free Channel

10
0
5000 10000 15000 20000 0 5000 10000 15000 20000
No. of PVs No. of PVs
ARMS9 Processor MicroBlaze Processor (Conf. 1)
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Server Processing Time- ARM

5 t 10
4.5 || 9 /
4 8 /
;éT 35 “ i 7 /
£ 3 e
g 25 lt g / A‘A =4 Channel Connect
g = s e
o 2 g / - Channel Put
€ =
= 15 3
3 =t Channel Get
: ~ o *
0.5 1
L-I—l I3 —\
0 0
0 5000 10000 15000 20000 0 5000 10000 15000 20000
No. of PVs No. of PVs
Server Processing Time per PV Total Server Processing Time
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- Server Processing Time- MicroBlaze (Conf. 1)

300 ‘ 3.5
250 3 +
_ 200 ok
€
£ 150 s
& E 15
S 100 ~ 1
29 0.5
0 ‘ 0 T T T 1
0 5000 10000 15000 20000 0 5000 10000 15000 20000
No of PVs No of PVs
(a): Processing Time per PV in Channel Connect (b) Processing Time per PV in Channel Put and Get
100
90 //’
80
1=
-E 50 —#—Channel Connect
— 40
g 304 ——Channel Put
20 — —b—Channel Get
10 e
0
0 5000 10000 15000 20000 25000
No. of PVs
(c): Total Processing Time
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rformance Comparison on

different architectures

14 *
1.2

14 *
1.2

2 b
(%]
ol Ao
2 2 ——x86
e 08 h S 08
s s == ARM
o 8
- -
S 06 = == FPGA- Conf 1
5 — = ] ® 3 FPGA- Conf 2
e 04 £ 0.4 —=FPGA- Conf 3
B =
= — | - B _e—rPGA-Confa
0.2 0.2
0 L‘-‘ & & L 0 L‘—‘ > ®
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
No. of PV requests No. of PV requests
Channel Put Channel Get
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Results::

Max. PV Limit | Max PV Limit | Max PV Limit | Safe PV Limit

(SCAN Period=0.1s) | (SCAN Period=1s) | (SCAN Period=10s) | (Without overloading

server CPU)
X86 50,000 5,00,000 50,00,000 2,00,000
ARMS9 400 4,000 40,000 5,000
Microblaze
(2kB Cache +3 stage PP) 80 200 12,000 2,500
Microblaze
(8kB Cache +3stage PP) 80 2y il 20,000 3,000
Microblaze
(2kB Cache +5 stage PP) 80 1o 13,000 2,500
Microblaze 30 2,200 22,000 4,000

(8kB Cache +5stage PP)
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ormal Behavior o

ICFOblaze

processor in Lower range of PVs:

200000 10000
o Channel Connect L ] Channel Put
__ 160000 SKes
2 140000 g o
< 120000 \ £ sooo
& 100000 o
2 80000 o ] s
£ o000 € 3000
" 40000 B
20000 s
: 0
0 200 400 600 800 1000 : 7 o o
No. of PVs v
e n Channel Get
9000
__ 8000 ‘\
3 A\
5 7000 \\
% ?822 \\ —#—FPGA (Conf 4)
z‘, :ggg \-\\ —+—FPGA (Conf-1)
. 2000 0\ \\'\ v
1000
0
1 10 100 1000
. of PVs
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Wireshark screenshot showing the TCP
communication

) ® etho: Capturing - Wireshark ) ® etho: Capturing - Wireshark

=dit View Go Capture Analyze Stati s Telephony Tools Help

e &l & Aep 3T e B
;“Kp lL“ Explession .y \Cleay Sanly [ ||tcp IL“ Expression... | Clear | Apply |
Time Source Destination Protocol Info B -
7 0.013525 192.168.0.30  192.168.0.10 TCP 32909 > ca-1 [SYN] Seq=@ Win=5840 Lg LS aemin Batocal J0io :
8 9.014778 192.168.0.18  192.168.0.38 TCP ca-1 > 32909 [SYN, ACK] Seq=0 Ack=1 3 0.088560 11TCP 49737 > ca-1 [SYN] Seq=@ Win=5846 Len=0 MS55=1460 TSV=5660!
9 ©.014798 192.168.0.30 192.168.0.10 TCP 32909 > ca-1 [ACK] Seq=1 Ack=1 Win=! 4 ©.009846 11TCP ca-1 > 49737 [SYN, ACK] Seq=0 Ack=1 Win=5792 Len=0 Ms5=14
10 0.014886 192.168.0.30 192.168.0.18 TCP 32989 > ca-1 [PSH, ACK] Seg=1 Ack=1 5 0.889868 11TCP 49737 > ca-1 [ACK] Seg=1 Ack=1 Win=5888 Len=8 TSV=566829
12 ©.028579 192.168.8.10 192.168.8.308 TCP ca-1 > 32909 [PSH ACK] seg=1 Ack= 1 6 0.00997@ 11TCP 49737 > ca-1 [PSH, ACK] Seq=1 Ack=1 Win=5888 Len=648 TSV=
13 6.028625 192.168.08.30  192.168.0.10 TCP 7 ©.011359 11 TCP ca-1 > 49737 [ACK] Seq=1 Ack=649 Win=7688 Len=0 TSV=2766
15 6.216525 192.168.0.30  192.168.0.10 TCP 8 ©.014272 11 TCP ca-1 > 49737 [PSH, ACK] Seq=1 Ack=649 Win=7088 Len=16 TSV
16 0.217785 192.168.08.10  192.168.08.30 TCP 9 ©.014316 11 TCP 49737 > ca-1 [ACK] Seq=649 Ack=17 Win=5888 Len=0 TSV=5660
17 9.251668 192.168.0.10 192.168.0.30 TCP ca-1 > 329@9 [PSH ACK] 5Seg=17 Ack=t 160 ©.025733 11TCP ca-1 = 49737 [PSH, ACK] Seq=17 Ack=649 Win=7088 Len=768 T
18 0.256489 192.168.8.30 192.168.8.16 TCP 32909 > ca-1 [ACK] Seq=649 Ack=785 11 8.025775 11TCP 49737 > ca-1 [ACK] Seq=649 Ack=785 Win=7424 Len=0 TSV=566
;: g-;gg?i; 1:5-122-2-?2 1:;-122-2-;2 E: 3;??9:3%;; REE} ::q;ggg QEE;ZE; 12 ©.827326 11 TCP 49737 > ca-1 [ACK] Seq=649 Ack=785 Win=7424 Len=2896 TSV=
21 0.323204 192.168.0.30  192.168.0.10 TCP 32909 > ca-1 [ACK] 5e3=3545 Ack=785 13 9.027341  11TLP 49737 > ca-1 [ACK] 5eq=3545 Ack=705 Win=7424 Len=1448 TSV
: -108.0. -168.0. 5 14 ©.827344 11 TCP 49737 > ca-1 [PSH, ACK] Seq=4993 Ack=785 Win=7424 Len=143
Ny enele el I « S a0s ncd 15 0.928963 11TCP  ca-1 > 49737 [ACK] 5eq=785 Ack=3545 Win=12880 Len=o TSV=2
9% 0 528929 190 168.0 30 192 168.0.10 TP 32909 > ca 1 [A 16 ©.028974 11 TCP ca-1 > 49737 [ACK] Seq=785 Ack=6425 Win=18672 Len=60 TSV=2
35 0529905 192.168.0.10  192.165.0.30 TCP o onos K] Seq=785 Ack=4993 17 ©.897123 11 TCP ca-1 > 49737 [PSH, ACK] Seq=785 Ack=6425 Win=18672 Len=24
26 0.529942 192.168.0.30  192.168.0.10 TCP [TCP Retransmlssn}m 32909 > ca-1 [R 18 ©.097238  11TCP 49737 > ca-1 [PSH, ACK] 5eq=6425 Ack=809 Win=7424 Len=24
57 ©.531404 192.168.0.18  192.168.6.38 TCP . Seq=785 Ack=6425 19 ©.897335 11 TCP 49737 > ca-1 [PSH, ACK] Seq=6449 Ack=809 Win=7424 Len=384
28 ©.616451 192.168.0.10  192.168.0.38 TCP ca-1 > 32909 [PSH, ACK] Seq=785 Acks 20 ©.097347  11TCP 49737 > ca-1 [FIN, ACK] Seq=6833 Ack=889 Win=7424 Len=e T
29 9.616718 192.168.0.30 192.168.0.10 TCP 32909 > ca-1 [PSH, ACK] Seq=6425 Ac 21 ©.899447 11TCP ca-1 > 49737 [ACK] Seq=809 Ack=6834 Win=18672 Len=0 TSV=2
30 0.616725 192.168.0.30 192.168.0.18 TCP 32989 > ca-1 [FIN, ACK] Seq=6833 Ac 22 9.105686 11 TCP ca-1 > 49737 [PSH, ACK] Seq=809 Ack=6834 Win=18672 Len=38
31 0.617872 192.168.0.10  192.168.8.30 TCP ca-1 > 32909 [ACK] Seq=809 Ack=6833 23 0.106699 11 TCP ca-1 > 49737 [FIN, ACK] Seq=1193 Ack=6834 Win=18672 Len=0

MicroBlaze Processor ARM Processor

No of PVs: 240
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" Proposed Improvements

Start with a fixed payload size say Payload g, fOr
channel access message buffer.

Command | Payload size Data type Data Count

e [If retransmissions are detected in the media, reduce the
payload size to half of its previous value.

i.e. Payload \, = Payload (,igina / 2

® Detect fOI‘ any retransmission in the medla- If General Message Buffer Structure in Channel Access
retransmission is detected reduce the payload size
further by half of its previous value.

e Thus after N iterations when there is no retransmission
in the media, the final payload size becomes:

Payload Final = Payload Original / 2N

PE'FID ad Original
Pavload g,

N = log,
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“Conclusion

In this project we have successfully ported EPICS channel access server on MicroBlaze
soft-core processor.

EPICS channel access and record processing performances have been analyzed for
MicroBlaze platform and the results are compared with standard ARMg processor.

The performance in MicroBlaze soft-core processor can be considerably improved by
suitably tuning the processor architecture (like size of cache memory and number of
stages of pipelining).

An improvement in Channel Access Protocol has been proposed for embedded system.
The size of message buffer in EPICS channel access can be optimized to reduce the rate
of re-transmissions in communication line.
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A few more performance metrics for soft real-time performance metrics are
required to be derived:

1. Interrupt latency
2. EPICS event latency.

The interrupt latency test of the EPICS IOC-Core provide the information of the
total processing time of an epics record when interrupted by an external
hardware interrupt.

1. Interrupt Top Half to Bottom Half latency
2. Interrupt Bottom Half to EPICS record processing latency

3. Context switch latency in multi-tasking environment

The event latency measures the processing time when the record generates an
interrupt for the external hardware device.
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