I —,
Architektui io“ita" ;

MZ-APOQO a I/O operace

Ceské vysoké udeni technické, Fakulta elektrotechnicka
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Zadani ulohy

Naprogramujte ridici jednotku MicroZed na
ovladaci prvek dvou RGB reflektoru.

Volba odstinu barvy svetla se zadava
v barevhem modelu HSV/HSB.



MZAPO - MicroZed_ APO board
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ne USB
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: Ethernet
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5 Reset
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Demounting LCD -> MicroZed_APO on Carry card

Ledl (RGB) - Reflector 1

090G EEEGEOEGEOUEUNDOOVNGY
LI - - - = - R R R R o e )

03 DISPLAY e - :
3 = mum l I l I I‘ I |= I ‘ MICROZED_APO-1 '”H' |“1_|r|)1 l
e : ~ HWED JAN 4 2017 % 2
CAMERA2 Patc. PORAZ LI CAMERA1

1‘ - .;mofl I | N g A}\({IVET "'{J: e 2 | . . _:

Red Knob '

Green Knob

P9ZOIDIN

Blue Knob

Led2 (RGB) - Reflector2
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MicroZed - Top View

Zynq-7000 User LED and

Power Good LED Push Button JTAG Access
: ;’g ! 3 "‘II'- A\"V[, .....i.;-m
Digilent Pmod™ 5= o “23 ﬂ ' :
Compatible Header e,
Y o 10/100/1000
LK £ kb n}m Ethornet and
e, el ke :l-‘—“—“* USB-Host
*1 .y 1 ‘45 JTe ,‘ .
o & s, !
microSD Card
(On Back)
USB-UART
Reset
1 GB
Power MicroHeaders with e — Boot MODE Jumpers ‘IJn MZAPO, ¢
108 User VO DDR3 DONE LED (JP1 and JP2 in top UMPErS are se
Converters (On Back) RAM position for QSPI Boot) for SD card
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MicroZed - Bottom View

Microzed Evaluation Kit - ADSAES-Z7MB-7Z010-G

MicroHeaders

Micro SD Card
with initilization
program

MicroHeaders
108-pin micro header connectors allowing mount
MicroZed™ Evaluation Kit to a carrier card.

Price of 1 pcs of used Zynq: ~ $45 , price of MicroZed: ~ $180 (April 2019)
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Data sheet of MicroZed

FPGA chip —Zyng™-7000 AP SoC (XC7Z010-CLG400-1)
 CPU: Dual ARM® Cortex™-A9 MPCore™ @ 866 MHz
 fast internal static memory 256 kB

» 4400 slices - each slice is small configurable logic circuit.
It can create up to 8 flip-flops and 4 logic functions with 6-inputs.
User can freely configure them and mutually interconnect.

External dynamic memory — 1 GB DDR3

Communication — 10/100/1000 Ethernet

MicroSD card 4 GB. In APO board, it contains the loader of
Linux system for Ethernet network.

USB Host 2.0 and USB-UART

Quad-SPI Flash 128 Mb for power-up initialization.

In APO, it is not used.
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Zyng ™-7000 in FBGA Package
FBGA = Fine-Pitch Ball Grid Array Clumsy method of FBGA soldering ®

Intended soldering ©

FBGA Package

Package Ball
Land

Land on PCB

A
T~ — e

Source: Fairchild Semiconductors
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Inside of Xilinx Zynq ™-7000

Processing System

Static Memory Controller Dynamic Memory Controller Programmable
Quad-SP1, NAND, NOR DDR3, DDR2, LPDDR2

Logic:
‘ ‘ System Gates,
AMBA® Switches AMBA® Switches DSP,RAM

-

 32/32KB1/D Caches

Multi Standards I/0s (3.3V & High Speed 1.8V)

AMBA® Switches

I

Multi Standards 1/0s (3.3V & High Speed 1.8V) Multi Gigabit Transceivers
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_IEOH"‘IFPU Engine l NEON™/FPU Engine

Cortex™-A9 MPCore™ Cortex™-A9 MPCore™
32/32KB I/D Caches 32/32 KB I/D Caches

We have already
discussed in the lectures:

FPU Engine
Processor core

L1 Instruction/Data
caches

L2 cache

Snoop Control Unit
(cache coherency)
On-Chip Memory
(static RAM)

DMA (direct memory
access control)
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Where is Cortex-A9 used? Some samples

Apple A5 (iPhone 4S5, iPad 2, iPad mini)
http://en.wikipedia.org/wiki/Iphone_4s

NVIDIA Tegra 2 (Motorola Xoom, Droid X2)

http://en.wikipedia.org/wiki/Motorola_Xoom

Asus Transformer Pad
Infinity (TF700T)

https://en.wikipedia.org/wiki/Asus_Transformer_Pad_Infinity

Full list see: https://en.wikipedia.org/wiki/ARM Cortex-A9#Implementations
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https://en.wikipedia.org/wiki/ARM_Cortex-A9
https://en.wikipedia.org/wiki/ARM_Cortex-A9
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https://en.wikipedia.org/wiki/ARM_Cortex-A9

CortexA9 Microarchitecture

Rename Issue Execute Writeback

¥ ¥ ¥ I

IRQ/FIQ
< PL390
Coresight / <
JTAG Interrupt
Debug Controller

Decode

=

Instruction
Fetch

=

1.

‘ AMBA 3 AX| 64bit ‘
Fig. 1 Cortex-A9 microarchitecture structure and the single core interfaces.

oresight
race

Memory

Source: www.arm.com



Our Cortex A9 MP Core properties

32 bit RISC Little Endian, 16 registers integer

2.5 DMIPS/MHz
* ->866 MHz *2.5 DMIPS/MHz = 2165 DMIPS

Note: DMIPS is the result of Dhrystone synthetic computing benchmark intended to
represent integer programming.

Most Integer Instructions finish within 1 cycle, integer multiply needs
4 ~ 5 cycles.

Float point instruction last on ALU from 4 cycles addition, subtraction
(FADD, FSUB), 5 cycles multiply FMUL, 15 cycles divide FDIV
(3times longer than multiply!), 17 cycle square root FSQRT.

Branch prediction
» 4 K entries table of 2 bit predictors.

Virtual memory with 2 level paging tables
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L1 and L2 Caches

2 separate L1 caches, for I-cache instructions and D-cache for data.
Both L1 have properties:

« 32 kB size,
« 4-way set associative,
« 32 byte block length,
« replacement policy is pseudo-random or pseudo round-robin.
« D-Cache only supports write-back/write-allocate policy.
L2 cache is shared by dual Cortex-A9 cores. Its properties:
« 512 KB size,
« 8-way set-associative,
« 32 byte block (line) length,
* replacement policy is pseudo-random,

« supports Write-back,
and Write-through with Read allocate, Write allocate.
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Recall Virtual Pages from 6th Lecture
32-bit linear addreSSJ:

page directory page table entry offset
31 22 21 12 11 0
P : 12
. index of row index of column : 12 bit offset o= TS
; . . : ,
10 1 10 bits !
| EiRSmT e ! |
. : 1 T | .
[ : : : [
i ol - — E, pagletable enltry 0 : 20 |
g"— > - — i page table enltry 1 Veloo-. —bII? I
@ page table enltry 2 ¥ 32
= . _ _ _ - bits
o » Matrix rows of 32-bit descriptors :
o) of 4K pages of physical memory
o X
X
Matrix row table address 7

(1024 items) 32 bit physical address
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Cortex A9

32-bit linear address J:

Level 1 Table Level 2 Table offset
31 20 19 12 11 0
: 12
index of row iindex of column : 12 bit offset ot i
. . : ;
|
| . I
" H 1 [ 1 H
F . : |
: o - pagletable entry 0 | L 20 |
> . ' ' v : bits
5—> L g Rl o pag?tableenltryl .- il ST
§ page: table en:try 2 v ¥ o35
5 * _ _ _ “' bits
e » Matrix rows of 32-bit descriptors
o)) of 4K pages of physical memory
o X
X
Matrix row table address ~
(4096 items) 32 bit physical address
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Dekodér adres - idea

i LOgICké CPU
struktura:
(iluze)
MEM /O 1 /O 3
.............
0
* Mozné fyzické CPU
usporadani:
MEM /O 1 Bridge

AOM36APO Architektura pocitacu
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Dekodér adres - idea

. Moznqst’A: CPU
(centralni)
MEM /10 1 /O 2 /O 3
Dekodér
adres
 Moznost B:
(autonomni) CPU
MEM /0 1 /O 2 /0O 3
Registry Registry Registry Registry
Dekodér adres De(lj(odér De(lj(odér Detlj(odér
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Pamétové mapovaneé I/O

* l|dea: Ktomu abychom komunikovali s vstupné/vystupnimi periferiemi
(klavesnice, monitor, tiskarna) mizeme pouzit stejné rozhrani jako

pro komunikaci s paméti (MIPS: instrukce Iw, sw).

7~

Spole€ny adresni prostor Address Decoder
pro I/O a pamét’

3
EI CLK

VIV brany jsou
mapované do
pameéti

“hesay

pamet’
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Master
interface

MicroZed uses on-chip bus AXI !

Read address channel

Address
and
control

Read data channel

Read

Read

Read

Read

Master
interface

Slave
interface

X12076

data data data data
- R - -
Write address channel
Address
and
control
Write data channel
Write Write Write Write
data data data data

_— - @ —= —= —— =

Write response channel

Write
response

B35APO Architektura poc¢itacu
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Slave
interface

Advanced eXtensible Interface (AXI)
consists of five different channels:

« Read Address Channel

« Read Data Channel

 Write Address Channel

* Write Data Channel

* Write Response Channel

On-chip buses are used only inside
integrated circuits and utilize switching
multiplexors that allow simultaneous
reading and writing operations.

They will be described by LSP course
(the next semester).

External PC buses (ISA, PCI, SATA,
PCle) have different operation! We
will deal with them in a future lecture.
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Design of Peripherals in Xilinx Vivado

Eile Edit Flow Tools Window Layout Miew Help |Q- Search commands ]
EA=IL BR X 9P DbE®K I EEDefaul Layout RN | ® Synthesis and Implementation Out-of-date more info
Flow Navigater ? % ‘ Block Design - top * 72 x|

AazE

Sources ? —OU X

I=Diagram x [ Address Editor X

? 012 %

az®mah
4 Project Manager QD@' SO ] = F]| top » -
> Design Sources (1) !
£ Project Settings P fs] o canbench_cc_gpis_0 [+]
Oﬁ ek SETEES a; processing_system7_0 GPIO_II630]
= i+ po
YL T |t
v/ BEIEIRERS USRI, {—{Fr audio_single_pwm_0 - top_audio_single_g o GPI0_I
4F IP catalog s~ @xi_mem_intercon - top_axi_mem_intercon CELOL
- p—LF0 axd_pwm_coprocessor_0 - top_axi_pwm_c¢ BFDE:D o
|4 _IP Integratar ] # top_axi_pwm_coprocessor_0_0 - top_axi
¥ Create Block Desigr = UO - axi_pwm_coprocessor_v1_0 - ar| CAND_PHY T3 [ CAN1_TXD
2 »—LF0 canbench_cc_gpio_0 - top_canbench_cc | _AXI_GPO CANO_PHY_Rxa =1
557 Open Block Design &~ top_canbench_cc_gpio_0_0 - top_canbe LAX_GPO_ACLK - CaN_1=[|
&5 Generate Elock Deg s~{F display_16bit_cmd_data_bus_0 - top_disp ”n A1 GPO_ACLK ZYNQ. CANI_PHY T2 [T CANZ_TXD
>~{F processing_system7_0 - top_processing_| = \G:_F2P[ 1:0] CANL_PHY_RXa ——
4 Simulation ol processing_system7_0_axi_periph - top_pr¢ ﬁ’ USBIND. 0k ]|
o-{F rst_processing_system7_0_100M - top_rs B AN J
@ Smulation Settings i servo_led_ps2 0 - top_servo_led_ps2_0_C | & T waven_uTr
(@ Run Simulation o~ {F spi_leds_and_enc_0 - top_spi_leds_and_e | g4 IR waver T
- _anhd_ene_t 'SP _=hd_ ¥ TTCO_WAVEZ_OUTH
> xlconcat_0 - top_xlconcat_0_0 (top_xlco = FCLK Lo —
4 RTL Analysis o= Constraints (1) 04 FCLK AESETD M| |
i 2~ Simulation Sources (1)
ﬁ Elaboration Setting @ Z¥YNQT Processing System
i3 E‘? Open Elaborated D¢ @
Hierarchy IP Sources Libraries Compile Order el
4 Synth N = , .
BILERS £ Sources  H Design Signals @ Board T 2 Ten_Nlren
3 Synthesis Settings 0
% )
9 Run Syrthesis External Fort Properties 7 - 0O s01_AN
> 024
> ¥ Open Synthesized O § s ) |
- ENCDATA M[O:0]
< Implementation 500 ACLK BE
#5 Implementation Set| || Mame: ;ﬂﬁEmmm]SEE oo
[» Run Implementatior || Direction: Input ) ]
» E* Open Implemented e
@Y Upen implemsnte MNet T ENCDATA 1 {501_ARESETN[0:0] ; .
I I display_16bit_cmd_data_bus 0 |
4 Program and Debug /502_ARESETNIC:O0) 1 >
5 Bitstream Settings s {55 LCD_RST
AXI Interconnect LED_CS
m Generate Bitstream {3 LCD_WR
2 ] -
> @* Open Hardware Mar — — I [ LD RS =
General Properties =
Tel Console O = I
5 I adding cell -- xilinx.com:ip:axi_protocol_converter:2.1 - auto_pc -
i i Adding cell -- xilinx.com axi_protocol_converter:2.1 - auto_pc
= . Adding cell -- xilinx.com:ip:axi_protocol_converter:2.1 - auto_pc
(I[1] { Adding cell -- xilinx.com:ip:axi_protocol_converter:2.1 - auto_pc
7l - Successfully read diagram <top> from BD file </home/pi/fpga/zyng/canbech-sw/system/src/top/top. bd>
& “open_bd_design: Time (s): cpu = 00:00:24 ; elapsed = 00:00:19 . Memory (MB): peak = 6008.051 ; gain = 153.621 ; free physical = 89 ; free virtual = 7868
) i set_property location {-22 483} [get_bd_ports CANZ_RXD]
] { set_property location {-26 1138} [get_bd_ports ENCDATA]
Jwrite_bd_layout -format pdf -orientation portrait shome/pi/mz_apo-v10-top. pdf
~ /home/pi/mz_apo-v10-top. pdf
Kl
Type a Tcl mand here

2 Tcl Console  © Messages [ log 2 Reports » Design Runs
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Vivado Design of Peripherals for APO

canbench_cc_gpio_0

CAN1_RXD D

GPI0_0[63:0]

Kevsol
crio %] o f

swiro
GPIO_I[s30]4 et 17:0)
GPIO_O[63:0p> et ‘canbench_cc_gpio_v1_0

[ —H DDR
FIXED_I0#] FIXED_IO

eand=]

CANO_PHY_TH D CAN1_TXD

 AXI_GPO CANO_PHY RYA |=—

LLAXLGPO_ACLK can =l

5_AXI_GPO_ACLK CAN1_PHY T D CAN2_TXD
_F2P[10] CAN1_PHY_RX4

Useino, GF]

M_AXI GP

TTCO_WAVED_OU

TTCO_WAVEL_ OU
TTCO_WAVE2_OU'
FCLK_CLKof—

FCLK_RESETO_Mb—1

ZYNQY Processing System

CAN2_RXD D

axi_pwm_coprocessor_0

axi_mem_intercon

[#lso0_axi
[0t Axi
[Flsoz_axi

s —=ncLK

)_axi_aresetn m00_axi_erro

) axi_ack m00_axi_on_don

) axi_aresetn

processing_system:

aX|_pWm_COprocessor VL0 (Pre-Proauction)

#-1—=s00_AcLk
e [s00_axt ¥ M00_Ax[H]| ==
K #-+——oo_acik
) ACLK. #1——=so1_acLk
Y . display_16bit_cmd_data_bus_0
) ACLK. H—=s02_acik =
¥ ¥ Moo, ax#]
_AcLK Z ed_res. LCD_RST
i [Fs00_axi
AT ITETConnect 274 Lco_cs
Z i ack 7 -
 ACLK. 7 oo s LCD_WR
ai_aresein
./ W ted_rd o
7 audio_single_pwm_0 ) axi_ack Z Lco RS
Z xlconcat_0 )_axi_aresetn 7 -
) 00 AXI Jed_datal LCD_D[15:0]
0 100m _ACLK ) axi_ack o
st_processing_system
B axi_areseln speaker_pwm_ou| N ————
Z 7 g display_TGDIL_cma_ata. bus. V1.0 (Pre-Production)
slowest_sync_ck b, reset  ACLK. ) axi ack irq_
Xt reset in bus_stnuct_resef{0:0] ¥ _axi_aresetn
e teset in perphieral_rese(0] _ACLK spi_leds_and_enc_0
aUGI0_SINGIE. WM VIO (FTe-Proaucton
mb_debug_sys_rst interconnect 1« X
ls00_Axi Spiled RESET
dem locked peripheal 7 LEboLK
AX] Interconnect o o
Plocessor System Reset ) i ack splled LEDCS
‘ ) axi_aresetn spi_led_¢ LEDDATA
ENCDATA
[ Spi_Teds. and. enc VL0 (Pre-Production)
J SPEAKER
rvo_led_ps2_0
i SERVOL
W SERVO2
axi o
) axi SERVO3
i aresein
7 SERVO4

servo_led_ps2_v1.0 (Pre-Production)

Compete design sources: https://cw.fel.cvut.cz/b182/courses/b35apo/documentation/mz_apo/start
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https://cw.fel.cvut.cz/b182/courses/b35apo/documentation/mz_apo/start
https://cw.fel.cvut.cz/b182/courses/b35apo/documentation/mz_apo/start
https://cw.fel.cvut.cz/b182/courses/b35apo/documentation/mz_apo/start

MicroZed Physical Memory

0x0000 0000 1GB DRAM
0x4000 0000 1GB AXI bus port 0 to FPGA

0x43c00000 16 bytes APOZed - LCD display
0x43c40000 48 bytes APOZed - Peripherals

0x8000 0000 1 GB AXI bus port 1 to FPGA
OxEO000 0000 Reserved for system
OxFFFC 0000 256 kB On chip static memory

But Cortex A9 runs with GNU/Linux OS that is configured for paging,
thus, we cannot use directly physical addresses!
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Mapping Hardware in Linux

It is simplified part of the code that you use in your semester project

int fd = open("/devimem"”, /* we ask for physical memory addresses */
O_RDWR /* with read and write access */
| O_SYNC /* and non-cached for /dev/imem */
)
unsigned char *mem = (unsigned char *) mmap(
NULL, /* kernel selects virtual address */
0x4000 /* our required size = MicroZed physical mem view %,
PROT_READ | PROT_WRITE, /* allow read and write*
MAP_SHARED, /* visible to other processes™
fd, /* handle of an already opened file */
0x43c40000 /* offset in file, here I/O physical base address™ );

Note: For simplification, we have supposed that the size and offset are already align to page size.
Full template: https://gitlab.fel.cvut.cz/b35apo/mzapo_template
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*Connecting to the board
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Connection to Board

Ethernet RJ-45 (J1) e —
USB-UART (J2)
Micro-USB to :
Type AUSB Eg‘aegl';et
. able
‘) flj Static IP: 192.168.202.yyy
Static IP: 192.168.202.xxx ’

Notes:
1. Micro USB is replaced by more robust
' USB type B on our carry board.
%~ 2. InLinux,
,‘  GtkTerm allows USB connection

 SSH utilizes Ethernet
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Linux Console Concept

Linux OS

Console 5€

...............

Ccmmu.nicatinn
Link

« GtkTerm uses /dev/ttyUSBO
« SSH connect through Ethernet and uses /dev/ttyp**
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*LCD display
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Source: EXANlatrix
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LCD Lighting Theory

Transmissive Mode Reflective Mode

Exf#rinr
Frinl Light source

Light

Transflective Mode
Colaf Exterior
Fifers Ligght
|_ LTHINT T

e

whizaaw

Gmivium

Transparent  Backlight  Liguid Reflective Backlight Half
Electrode Crystal Mirror Mirror
Source:

A Mlatrix
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TFT with Active Matrix

DATA DR IVERS SOURCE INPUT {DATA)

1 2 3 4 <0 M
] —L L ) ,_I_i ﬁ
— =
% — _'_;I—,_ — O 2 A COMMON
—|— v _"r_ I I CONNECTIONS
e e bl e L e Lo
D — _I_ _I_ : -—’ F ____________ = = hk
== [~ o~ o 1l T T
<l - - = !r N
(_:] . T T E iy | ) | LY
G z 5l |
— w |1 | ; THREE SUB
- = RGE!
= v R I T o T B ; j|KELS (RGE)
] 'g’lh | /,-‘*
L ' . d
—— |_ ____________ [ — -
| T 7
|
Iy | i T N THINFILM
4 : | =T ~. | TRANSISTOR
Resalution | R I G B ¢ Y
(3m x n) active matrix N ’f T T 1 y
— =~ —\ Y ,\
RGE . VERTICAL STRIPE STORAGE
00) Mat . COLOR FILTERS CAPAND LC
N

-

Source: EXMlatrix
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Compare with Memory Matrix from 4th lecture

address
6 =0110
)

clock ——}

1315109

TFT display only writes and usually selects only 1 pixel !

B35APO Computer

0110

>/o

Decoder
one-hot bitling, bitling bitling, bitling,
row O . o
\ * ’ \
stored stored stored stored
bit=0 bit=1 bit=0 bit=0
< >| row 1
o= o= ) C—
stored stored stored stored
2 row 2 |_b't:_1 ._blt:_O a_b't:_O |_b|t:_O
stored stored stored stored
01N, w3 bit= 1 bit= 1 bit= 0 bit= 0
- ’ ? ? |
stored stored stored stored
bit=0 bit=1 bit=1 bit=1
Data 3 Data 2 Data 1 Data 1
10

1 @ 3\

Demmultiplex
1of4

|

New value = 1




Compare with Memory matrix 4th lecture

Decoder
one-hot bitling, bitling bitling, bitling,
row O . o
\ * ’ \
stored stored stored stored
C row 1 bit=0 bit=1 bit=0 bit=0
o= o= ) C—
stored stored stored stored
> row?2 D=1 L Pit=0 LDit=1 L bit=0
\ \ \ \
01 stored stored stored stored
addreSS 3 oW 3 bIE: 1 bItA: 1 bItA: 0 bit=0
* hd d \
6 - 0110 0110 stored stored stored stored
|=> — bit=0 bit=1 bit=1 bit=1
CD Data 3 Data 2 Data 1 Data 1
(@)
— 11
('L)I_ ~/ 0 1 2 @
(D
q

clock ——s}

Demmultiplex
1of4

TFT display only writes and select 1 pixel ! New value =0
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LCD Control

n Data Driver
L Timing =
Controller ‘* '* ! ’ Y* '* -
VCOM N — — i e ] Voltage
3 Generator
1 =
e
— Scan i
Driver
DC-DC = ™ Backlight
Controller i 1 | lcjzrulr\::g
5 - N

Source: Dr. Zhibing Ge, College of Optics and Photonics
B35APO Computer Architectures 35



LCD Pixel has More Levels !

TFT (switch) + LC cell (capacity) Hydrant (switch)+ Bucket (capacity)

W T W
il e Ve |

WI‘J;'JI v “.'J"'
""l""._\_g ] _".I'Q.!._
& \'-JIN;

_,_._\,_._._ @t..
VRSN \‘;345

Column Driver

‘-—'-"'-

L .
D
2
L =
(]
3
o
o

Source: Dr. Zhibing Ge, College of Optics and Photonics
B35APO Architektura poc¢itacu 36



LCD Refreshing

‘ Scan line
: ._'_‘ LCD TFT
= | Storage
“ capacitor

Scan line

I

Data line

B35APO Architektura pocitacu

LC capacitor Storage capacitor

—

LCD display needs periodic refresh
as DRAM, but in slower rate.
Typical values of C_ are from

100 fF (=0.1pF) to 2000 fF (=2pF),
iIn DRAM from 10 to 50 fF.
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LCD read/write

Our program contains assembler instruction of compiled C code
registerl = * address;

or
*address =register2;

:| Program in DDR3
:| rd/wr virtual address
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LCD read/write

Virtual address Is transformed to physical address
during FETCH phase of pipeline

i et
i. | Cortex i |
o I I

i Lo !
'- - I [
J1Paging table ; |
§ ; |
=1 @ :

: . :

; Iphysical address i |
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LCD read/write

Physical address and data are send to AXI bus

- A P
i. | Cortex i |
o I I
i L_Core g
'- I [

I Paging tabl '
;I = | )
i . |

I
!IphySIcaI address AXl bus | |
!l—-.—-T._.._.._._.. . . _I_
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LCD read/write

FSM (Finite State Machine, cz: koneCny automat)
compares addresses on AXI bus.

If some address is in range 0x43c0 0000 to 0x43c0 000F
then it accepts corresponding data for LCD.

| I : I
! | Corex i rop i!
1, t_COC 1| on address I
i Paging table | | 0x43c0000° I|
: -

- |
! @ |I

ggphysical address“I AXI bus

B35APO Architektura poc¢itacu



LCD read/write

FSM transmit data to LCD by generating appropriate signals for LCD control
chip that periodically refreshes TFT-LCD display.

If a new request appears before the previous is done, FSM is sending WAIT
to AXI bus until it can accept next data/command.

:'I- —_ . — .i-——————-_.i -------- % —I ——————————————
?i M : cortex i FSM | Control chip

ggphysical address“ AXI bus

T L2272 1| on address [f> ILITEK ILI9481
il Aailno tahl I 0X4300 000* |

:-i I yliry taic | 345,600 bytes
1. i jt of frame memory
! @ | |
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LCD read/write

Virtual Base Address Data Type Control Chip Operation

+0 uintl6é t Ox1 - reset LCD, bit0 == 0 - no function

+8 uintl6 t LCD control command

0xC uintl6é t write 16 bit color pixel (bits 15..0) to frame memory
0xC uint32_t write 2 following pixels: bits 15..0 | bits 31..0 to mem.

ggphysical address“ AXI bus

| I :
éi | C:;:gx | FSM [ Control chip
i hemreeee- i on address ﬁ} ILITEK ILI19481
il Aailno tahl I 0X4300 000* |
:-i I gy tatc | 345,600 bytes
1. i jt of frame memory
! @ | |
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GREEN YELLOW

hranol
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RGB barevna krychle

Blue (0,0,255) Cyan (0,255,255)
I - tyrkysova -
1
|
Magenta(255,0,255) : :
: White (255,255,255)
|
|
1
/,' _______________ Green (0,255,0)
Rel Black (0,0,0)
/7
/7

Red(255,0,0) Yellow (255,255,0)

m Aditivni michani barev se pouziva napriklad
na monitorech, viivy jednotlivych barev se scitaji,
nebot kazda slozka se chovd jako zdroj svétla.

K 13135, CVUT FEL Praha
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RGB Cube with Unintuitive Distribution of Color

Alt / Print Scrn to copy to clipboard.

In Photoshop:

File / New / OK

Edit / Paste

File / Page Setup / Landscape

Image / Image Size / Resolution / 110 dpi
Image / Image Size / Resample Image / UNcheck

File 7 Print

Cut along black lines,

Source: http://people.duke.edu/~ng46/borland/graphics.htm
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http://people.duke.edu/~ng46/borland/graphics.htm
http://people.duke.edu/~ng46/borland/graphics.htm
http://people.duke.edu/~ng46/borland/graphics.htm

HSV sytém pro intuitivni tvorbu barev

Value - svétlost

White vell ovJ oRed

-
——
—
—
-
-

Hue - odstin

Green Magenta

N

'~._ Saturation
- Sytost

Cyan Blue

Salwration

Black Y

K 13135, CVUT FEL Praha 48



Vyznam parametru HSV

Sytost = Saturation

N

bil nadech barvy cista

barva

Jas, svetlost
=Value

> odstin barvy
\ Hue

-barevny ton. odstin

[\ Sedivost

cerna

K 13135, CVUT FEL. Praha



Example of HSV Color Picker

Prevod mezi RGB a

HSV je pomerne

slozity, ale existuji C

kody na webu.

K 13135, CVUT FEL Praha

 Select Color

v oK
&

: : f/ Cancel :

|

Hue | i *] 85
Saturation 4 | P| 255
Brightness ¢ | _j 1192
Red RaR *| o
Green L] | *] 192
Blue KAk *lo

50



Pro srovnani CMYK

w Subtraktivni michani barev se
projevuje pri tisku - viivy jednotlivych
barvy se odecitaji, jelikoz kazda slozka
se chova jako filtr bilého svétla.

S,
~
— T~
ST o
e e S

m CMY barevnou krychli dostaneme prohozenim protilehlych
vrcholit RGB krychle, t)- cerna<»bila, zlutda <>modrd, apod.

255

Cyan C R
Magenta M | — [255 | | G
Yellow Y | | 255 B

RGB CMYK

m Pridanim blacK dostaneme CMYK:
K =min(C,M,Y); C=C-K; M=M-K; Y=Y-K;

K 13135, CVUT FEL Praha 51



Ziskame ale steinx’ gamut?

Visible light lidske oko
(billions of colors)

Color film

45& printing on:

Coated stock (cz: foto papir)
Newsprint  (CZ: novinovy papir)

Color Monitor
(16 Million colors)

t ‘."S.'

Zdroj: http://'www.kathleenhmahoney.com/
gamut = rozsah barev zarizeni
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http://www.graphiccomm.com/faq/color1.html
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Velikost fontu

horni dolni dotaznice predchozi radky

i external leading (doporuieny)

$ internal leading

Size, emSize
—_ - WY . — base line ( ucari)

descent  dolni dotaZnice této idadky Line

Spacing
= Nema-li font diakritiku, pak ma 1 nulovy

Internal leading a jeho ascent odpovida emSize

K 13135, CVUT FEL. Praha



Bitmap Fonts

Bitmaps font are faster and easier to use and therefore suitable for low cost computer

systems.
http://growboxbox.org/doku.php/icd

HGH] 2 [ & [ 4] 5 [ & ] 7 [ ]9 & EBEJ]C ] O0J]E]JF]

L Oy |UIJ'1D o011 000 0101 00 0444 | 1000 1001 4010 4011 100 1101 1110 11
T -

.....
®] e QOO0

http://mobilefonts.sourceforge.net/

B . fule --E-- - | Bitmap Font Editor: Untitled @
; oo o0 e File Font Help

W 18l + X

3| wwe 0011 .E.E. u i T . =

| Ee NE mes, weesow w0 mEmmm s | | e

wd| woccoton e sng. § B F e

x5 o 0101 _-':_ o

wE| oo 0110 gt By B B8 i 0 E g og om

H
7| w0111

Pl
| oo 10000 3 "
.I .II

x3) oo 1001 := B -~
| ] . b
wh) oo 010 o"8" um <> <>
] , PI"[#]F|%| & (1) (- |01 2]3]4|5|6]|7|8]|9 <[=|=
X[ oo 10T T l@lalBICIDIEIF|GH] TTI KL M[N]O RIS|TIUlVIwWXY]Z]T Y
o —— J{T? amcdefgh|]klmnopqrstuvwxyz

=0 e 1101

B[ w1110
HH

AF[ woo i1 o0 o0 E 8 Er Lt (e

Note: In 1968 ,the first bitmap font was created by German inventor Rudolf Hell for his Digiset typesetting machine .
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The Scalable Font Wars

« Apple and Microsoft developed (1980) the TrueType methodology
that is a system of scalable outline fonts, and can draw characters at
low resolution.

 Adobe PostScript (1984) is another method of describing an image
In terms of mathematical constructs (Bézier curves), so it is used
not only to describe the individual characters of a font but also to
describe entire illustrations and whole pages of text.

« Open Type (1996) digital font format was developed jointly by Apple
and Microsoft to put an end to the PostScript/TrueType war. Like
TrueType, a single file contains all the outline and bitmap data for an
OpenType font, but it also contains either PostScript data or
additional TrueType data within the font, which in the PostScript
case, makes the font truly scalable and exacting.

Source: wordpress.com
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Rendering of Fonts

o - .
L Type light 3.2 - Arimo = =N

File Edit View Font Glyph Contour Point Global Help

Upper picture:

. S [
program
. eeeeeeeeeeeeee e TVDeL|qhtV32

4 6§ MW1214 16 18 20 1 M |/ 312
4 (] b

™,

Some rasterizations

Origin Black and white  Grayscale

Any scalable font

must be finally

rendered (rasterized)

I
to pixels of display !
Image source: https://www.smashingmagazine.com/
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https://www.smashingmagazine.com/2012/04/a-closer-look-at-font-rendering/
https://www.smashingmagazine.com/2012/04/a-closer-look-at-font-rendering/
https://www.cr8software.net/typelight.html
https://www.cr8software.net/typelight.html
https://www.cr8software.net/typelight.html

Black and White Rastered Fonts

static font_bits_t rom8x16_bits[] = { ... File: font rom8x16.c / .h
/* Character e (0x65): ht=16, width=8 -
+---=--=- +
I I x-column
| | +0 |+ |42 (43 [+4 [+5 | +6 | +7 | y-row
’ ’ 0x00 0000 0000. .. +0
| % % % % %k |
[#%  *x | 0x00 0000 0000. .. +1
|** * %k |
|**mw**| Ox00 0000 0000... +2
k%
I** **I Ox00 0000 0000... +3
| % % % % % |
| | 0x00 0000 0000. .. +4
I I Ox7c 0111 1100... +5
| +|+ %/ oxc6 | 1100 e11e... +6
0x0000 ,0x0000 , 0X0000 , 0x0000,
0x0000, Oxc6 1100 ©01160... +7
0x7c00,
OXC600, Oxfe 1111 111e0... +8
0xc600,
OxFe00, OxcO | 1100 0000... +9
0xc000,
OXc600, oxc6 1100 @110... +1O
0Xx7c00,
0x0000, 0x0000,0x0000,0x0000, | 9X7C | 0111 1160@... +11
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Team Work

aneb pozor na paralelnt ukony !
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The Millennium Bride London

Slavnostné

otevren

v sobotu

10.6.2001
Rychle
zavreny

v pondeli

12.6.2001

Primo ucebnicovy priklad chyby v navrhu




Room Motion Therapy room

power switch intercom

Vherac -25 unit

emergency
switches |

TV
camera

Beam
on/off light

Door
interlock
switch

Room
emergency
switch

Display Treatment table

terminal
TV monitor Printer Turntable
Motion enable Control position
switch (footswitch) console monitor




Mask of Therac 25

g

Electron Mode X-Ray Mode

www.cs tufts edw. . thermc butler_files! image0C2 .gif

2 deadly errors escaped detection
= during 2 years testing by the manufacture
= during 2 deep Inspections
=during deep inspection perform by US government
even If all knew what they should look for




Operator sidebar

PATIENT NAME : TEST A 1

TREATMENT MODE: FIX BEAM TYPE: X ENERGY (KeV): 25
ACTUAL PRESCRIBED

UNIT RATE/MINUTE 0 200

MONITOR UNITS 50 50 200

TIME (MIN) 0.27 1.00
GANTRY ROTATION (DEG) 0.0 0 VERIFIED
COLLIMATOR ROTATION (DEG) 359.2 359 VERIFIED
COLLIMATOR X (CM) 14.2 14.3 VERIFIED
COLLIMATOR Y (CM) 27.2 27.3 VERIFIED
WEDGE NUMBER 1 1 VERIFIED
ACCESSORY NUMBER 0 0 VERIFIED
DATE : 84-0OCT-26 SYSTEM: BEAM READY OP.MODE: TREAT AUTO
TIME : 12:55. 8 TREAT : TREAT PAUSE X-RAY 173777
OPR ID: T25V02-RO5 REASON : OPERATOR COMMAND :



Structure of code

VTkop When Tphase is "1" (Datent):
Data entry If data entry complete, set Tphase to "3"

compilation |

flag

I

\
Set-Up Test A .

control
variable

J
-

Set upper
collimator

B -

Terminate Treatment

Date, Time, ID changes!

- -
- -
- ~ 7

, Y P
! Calibration %-~
\, tables /

.....

[source: Nancy G. Leveson, Clark S. Turner, An Investigation of the Therac-25 Accidents]




1 of 2 errors

Error is clear only if you know its exact location

Magnet:
Set bending magnet flag /[ ..but the flag is reset after 1st call of Ptime
repeat Set next magnet
Call Ptime
If mode/energy has changed, then exit
until all magnets are set /I it takes 8 s to adjust magnets!!!
return

Ptime:

repeat
If bending magnet flag is set then
If editing taking place then // it is tested only if bending magnet flag is set
If mode/energy has changed then exit
until hysteresis delay has expired
Clear bending magnet flag return

2nd more complex error appeared when an operator pressed key in the
same moment when a byte circular counter overflowed 65



Industrial Control System

_______________________________________________________

@) |
! ()
| o . = ;
NPULS  {eg”anfpy £ Cﬂ?ﬂ:\f\"m S "y Outputs
2 | outputs | 3
= Q
@D

do

{ Readlnputs();
CalculateOutputs();
WriteOutputs();

}
while(IsRunOn);

Input scan

Output scan




Presneji Program Scan

START

Input Scan

Housekeeping tasks are
special tasks that have to
perform to get ready for the
next scan of the program

Program Scan



Klasicky ridici program

* Program se vykonava periodicky. Nepfistupuje se v ném k
vstupim a vystuptim primo, ale pracuje s obrazy jejich dat,
uloZenych ve dvou pamétech - v obraze vstupu a v obrazu
vystupl. Vznika tak periodicky cyklus sloZzeny ze tti kroku:

« Vzorkovani vstupu - scan vstupu (input scan) -
nacteni hodnot vstupt ze vstupnich modulti do paméti
zvané obraz vstupu (input image).

« Vypocet programu - scan programu (program
scan) - vykonani celého programu, vypocet novych hodnot
vystupt a jejich ulozeni do paméti zvané obraz vystupu
(output image).

« Zapis vystupu - scan vystupu (output scan)

- zapis obrazu vystupu do vystupnich modult.



