Z System Designs
LCC Development Board 1

This is an attempt at creating an LCC Development Booster Pack for the TIVA Launchpad boards
from Texas Instruments. The goal of this board is to build an add-on to the Launchpad which can

be used to develop LCC nodes. The board has some options to allow different capabilities and it has
an expansion connector to add-on IO for specific purposes. This board is entirely through-pin parts
which can be soldered easily. The specific Launchpad board for which it is designed is the TM4C123G
evaluation kit as noted in the BOM. A future design may be created to also support the TM4C129
versions.

Options:

Outputs can be either the output of a shift register with either 100ma. continuous current in an
open Drain configuration, or an operational amplifier output which can provide 30 ma. for a stall
motor turnout device (Tortoise). In addition, an optional Darlington array can be added to provide
an open-collector, 500 ma. output from selected GPIO ports on the Launchpad. These GPIO ports
include several that have PWM capability.

Inputs include 16 inputs through an IO Expander shift register, which can generate an interrupt in
the processor. Additional inputs can be accessed directly on a header strip. These inputs are available
to provide A/D conversion and interrupts — there is no buffering between the header pins and the
processor for these inputs.

Power options are provided by way of jumpers on header pins. these include 1) powering the CAN
bus from this card, providing higher voltage/current through a terminal block, and providing CAN
termination. See the figures following for these options.

Launchpad Board Settings

To provide all the capabilities of a stand-alone board, a couple of changes need to be made to the
Launchpad board. See the picture on the next page for additional detail on the location of these
changes. First, the LCC board includes a 5-volt power regulator. This can be used to power the
Launchpad and is normally connected to it. To avoid conflict with the USB provided power, the
“Power Select” switch at the top right should be switched to the “Device” position. In this position,
do not connect a USB cable to the USB connector on the side of the board. Alternately, power can be
supplied through this connector, but then the CAN network cannot be powered from this card. (This
constraint may be removed in a future design. The routing/protection circuitry has not been included
on this board.)

Secondly, to allow all the GPIO ports to be available, two “resistors” (these resistors have zero ohms)
can be removed from the Launchpad board. The resistor designations are R9 and R10. They are locat-
ed just below the processor in the center opf the board. Heat them up gently with a soldering iron and
slide them off there pads to remove them. These resistors are shown on the TIVA picture just below.
For those who may worry about this step, these resistors short together GPIO pins to allow backward
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compatibility with the non-TIVA Launchpads. Since there is no intent to use other BoosterPacks at
the sasme time as this one, providing the full set of GPIO pins was considered more important.

Board Assembly and Connections

The first decision is to decide which of the Output options you want. The output for stall motors is
mutually exclusive with the first eight Open-Drain shift register outputs. See the BOM for the related
parts. It is possible to have both four stall motor outputs and eight outputs for LEDs or other devices.
Just install the Op-amp comparators and their resistors, then install the second shift register for the
additional inputs. The area on the top left side of the LCC board contains these parts. The drawing



below shows the positions of the parts for shift registers and stall motor comparators. The resistor
packs shown are connected to the open drain outputs to provide current for LEDs connected to +5
volts. They can be changed according to the voltage or eliminated )jumper across) for other uses. If
the second shift register at the bottom is installed with

Shift Register : :
Comparator for o Stall Motors the stall motor comparators, the resistors or jumpers
stall Motors / Shift RegisterMay have to be installed on the bottom of the board.
Resistor pack for LEDs or ...

Installation of the additional parts can be seen by the
part designations on the drawing on following pages.
Using the BOM as a guide, install the parts that you
need. For example, if you are not intending to use the
Darlington ouputs, do not install IC2, RN3 or the con-
nectors that go with them.

for LEDs \

Power for the board and its devices is provided
through the connector at the bottom. The barrel plug

; is designed to accommodate a +12 volt supply rated at
at least 500 ma, but if the CAN network is also sup-
plied by this power supply, the rating should be 1000
ma. or higher.

Resistor pack

for LEDs  Comparator for
Stall Motors

Shift Register
for LEDs or ...
Another possible option is to install screw terminals,

headers or nothing on the edges of the card. The conveience of connectors is a cost decision.

An additional screw terminal is provided to allow other voltages for stall motors or the Darlington
transistor array outputs. Providing that power depends on the jumpers at the lower right. These
jumpers and others are detailed in the second drawing.

Inputs to the IO expander are assumed to be simple push-button switches or the equivalent. Since the
IO expander has internal pull-up resistors (setup during intial setup of the IO Expander — see the
data sheet for details), all the switch needs to do is short to ground. When one of the inputs changes,
an interrupt can be sent to the processor as a signal to read the IO expander. This interrupt is current-
ly wire ORed to pin PD7 on the board.

Expansion signals are shown in the drawings. These are tied to the shift registers and IO expander to
provide additional inputs and outputs, as well as additional IO ports, including a UART, another 12C
and another SPI port. The additional SPI port is set for SSI Module 2, which is the default SPI mod-
ule in Energia. The expansion I12C module is module 0, so the Wire object in Energia will have to be
re-directed to that module. The easiest method to use that module is to define a new object by enter-
ing “extern Twowire Wirex(0);” and use the Wirex object instead of Wire.

Software Considerations

The intent of this board is to use the OpenMRN suite to connect to the LCC network. With this set
of software, many of the functions necessary to connect to the LCC network are provided. At present,
that software is aimed at a Linux environment for development, however, I believe that the TI version



of Arduino called Energia can be used to create nodes with Open MRN. Therefore, the following
discussion includes information on programming the board with Energia.

Node software provides the link between the events coming from LCC and the input/output pins

on the board. If Energia is used to program the node, the IO Expander can be read using the Wire
library. Likewise, the SPI for the shift registers can be written using the SPI library. If the noide is
programmed using a command line tool chain, these libraries may still be useful, but the bare-bones
approach should use the TI Peripheral library that exists in ROM. The details of using these libraries
are contained in the document from TI in the se4ctions for the Inter-Integrated Control (12C) and
the Synchronous Serial Inteface. These ROM functions set and control all the interactions with the
hardware modules which saves memory space and saves effort.

To configure the software, the necessary IO ports are SSI 0, I2C 1 and CAN 0. The expansion ports
are SSI 2, 12C0 aND UART 1. The SSI 0 port is used for the output shift registers, the I2C 1 port is
used for the IO Expander. As described above, the SSI module used for the SPI functions in Ener-

gia use module 2, so the SPI for the on-board shift registers must be re-directed to module 0. If the
expansion SPI is not used, this can be accomplished by using the SPI.setModule(0); call. This must be
before the SPL.begin(); statement and belongs in the setup portion of the program.

Bill Of Materials (BOM)

The BOM has part numbers and costs from Digikey, with the exception of the Booster Pack headers.
The BOM is divided into section to separate the optional parts. Within the sections there are addi-
tional optional part selections to be made.

References and Hyperlinks
These references may be useful to the programmer:

Energia — The Energia IDE is available from this website. Follow instructions to download it. Then,
install the TIVA board using the board manager. While Energia has a set of Reference pages acces-
sible from the Help menu, they are incomplete, especially in the Libraries pages. Using the Arduino
References as a supplement usually works, but sometimes the actual libraries may be necessary to
figure out how to implement functions.

Tiva Launchpad Documents — Use of the TM4C123G evealuation board is containe4d in the
TM4C123G Users Manual. This manual describes the Launchpad Board and all of the IO pins at-
tached to it. Details of the TM4C123G processor are in the data sheet. All the details of the hardware
are in this document.

ALL other parts — The parts used may be purchased from Digikey, and the daa sheets for thesed
parts are available from Digikey.



syndinQ uoiduijieq

10} 129|9§ 28e)|oA

J}4O0MIaN NVYI
9yl Jamod o)
ssodwn(

siadwing
uoneulwid]

\

Sper Nyd-01  AZT wou)andul

Jeuiwaa)

oA G paje|n3ay
10} Yoefr uamod

YIIMG JoMOd

J19MOd |eutaix3

(anig)

8 C )
o (o)
o8 Se ANzl N 2
5|5 omeito \© 9|s |0 oz oy o
|3 3 o o 2
(7]
> oFo5EdoN 0000, of © M
d1aeoerep(©)C
1 06006 |07 pNOe (o)
91 4nL-0 0000 A SLH ® (o)
@II9) 4d o1 N (©IO) @iy ® (e)
a 0Id9 4 o0r o||o AWFHZFF ov @00 )73 - 0
dINIL - d)(©) 3
(3 D)
n $197TN ° O+ ﬁ_ NITY @o@ % - =
u < sLy7TN vizag - OO > . 2
N (o) 0 O >=0 @ (o)
m ¥as~eazl NCH(e)(e) 0
X _ . O

e c
: Iy
] 1z - (o)
3 o ()
& ©_ Mo ° (o)
O MO 0O 2 o® (o)
S N 0
00)_(00)_«c o
(c)
! G SEO0 G_EO ©
XXX )C) O

sapuedig 00000000

0/1221 10} {7 ~<———— suondduuo) uoisuedxy ———— - |

siadwin[ ssaippy

pedysuneq €21 VAIL

\\m-m

P O - g—Pp- O - g—Ppp 0

@31 uj Jamod

synduj 323410

sindinQ zys

sindinQ TYS

(uaaun)
d3THOoA S



SWII9] MJDS WO ipaJ|e1sul aJe sisdwinf

1on 1B ewaﬁww_ Eﬁwm__ wms._%>- 1BYleN & uondQ ndinQ ay3 Ji SjeuIwIS) 959y}
- n|d woi4 , .
19N Y97 - Jadwinr saddn a6e}|0A - Wonog o_uwmmm_%;cw.h_.mmwﬂw\/wﬁwm & @ 0} 9be}|0A 123UU0D J0U 0 :uoiine)
Jamod ON - J2duinr oN HOAG - dog .mc.o;o_o uoneuluIa|
:suoidQ 419mod 18N NVD fcozao indinp CE AR
e sowepN osN
uld leuondo

S = gqoon 0 | [d

g [i-twmd = oOpoo (o) o) | |94

= 2] 1

3 |0-LAmd L <@ 4N G100 w 0 €3d wu“«

— _ a —~— [4

5 ms N - Mmo .lle.l_Te S|o 25 ENIY

o |z-1wmd| [ @3uwof| €4d - 7O w@% 3| - 0| |l3d

S |o-tmmda| | a31nig|| 24 - M . © o) |0 wu_«

- = /

g w-wﬁﬁm ow\u>M|M l4d M :a% % NOIO, _W_ MMM SNIY
h 01d9 4n10 (e)(e) [4 T3 5 _ﬂ_ /-CYS £-¢dS
< o1 ©l19) 1d o.v (o e > 2 ©) | [oaus || oaus

0Id9 41 001 % wrcum_.- Qv @ o Io ﬁmw = e G-TYS G-zYS
- oo e P 5 o | |rzus || veus
510771 y, T OIO) o> > 0| [eays || eys
S1d7IN yvicad Ns (©IO) @ o - - =

0 <- b1y dwnr S lc 010 '. . s (o) N-Nmm N-Nmm

| <-yoqdwnr eone ° e (010 '. s © (o) L-cdS L-cdsS

S2IpPY 2l b 0D & | [ -ins || aeuws

VOO0 ; o | [o1us || ne-Lus
LV ooo o 0) | |5 L4s || ac-LysS
o o) | [r-14s || Nz-Lys
v OO0 . o) | |-tus || at-us
e o) | [z-tus || Ni-tus
© o) | [t-1us || qo-tys
o o) | [o-Lys [[ No-LysS
sindu| Jopuedx3 Q| o sg31 sis1o0nN
OLIN @ Auo  iess
0000 00 00000000
:suondo
< T < Opoo Oy oluvovvuwuo oo o ol|SSWeN A1OWass
N EEELEEES R CEEEL IR L] auassy
>~ N TSN XID O
o) ODS%SPNDH.”SSSSllnnnn
3 30%R R2LYNA O H O RKREESE >
PIPOWlg 2 3 o IPREboeRRRR 5
uoisuedxj o) | € & @ Rl PgR oo
s|eubis jeusayu| m Mm e >ranR o/l
nl W = wn n
Q




Ze0 [2£0 aN-1-100G-S6V| 68IMEGL06252€4d| [L4ANGLO0 -- Joyoeded uoneulw.s) 90
) (‘leuondQ) sped uoneuiulall NV
oL QL0 AN-104001LALd¥ 1L ANY H00LALdyLANY|L | = AZ'€ ‘ewg| - Jojsisal AgL A3 Ay
oL QL0 AN-10049S/aLdvLINY 04G/aLldvLANY[L [ =Ap'€ 'ew gg - Jojsisal AG AT v
€e'0 [ee0 | AN-1028/090VD-SO09-9£050(282090¥D-SOD-9£050 Lan|g - JJoA g1 - @31 Jemod z2a3a
0 00 aN-102570VY0Z0-Nvg-9€050| 25¥0V0ZO-NVva-9£05D] L udaib - JJoA G - 37 Jemod La31
€y'0  [E¥0 AN-LOSd4618SNL 6L8SNL|L apoIp }08}0.d Jomod zd
80 (80 aN-6¥EIMD Z1£0-921-49]1 4o}ms Jamod [eutaix 3LMS
220 |[2z0 AN-S88€-G6V¥ 0/v011985/659|1L NVO 1o} 8sn} O1d Z4
2ze  |zzze aN-22-€601INVS S-1-10-22L-M1S L 1epeaybuijoe)s a|buy W uid Zz Zdr+dr
000 [S¥'L AN-Z006IAVS a-4-/0-0L1-MSL1]|0 SIepesH 8|eul Yoed 18}soog
96°¢ v.°0 Hed [ernads a-s-€z-0L L-MSS plepesH bunoe)s yoed Jejsoog A4
860 [89°0 aN-195010a3 0SLVYZONALSO]L Ul JOJ M81OS [eululls) g oLdr
Gy'e (suondp swog) sued poddng pieog
€8'0 [€8°0 adN-V80Sr3 v80sr3a|L J10}08UU0D 1ndul Jamod Lr
0L'0 [0L0 AN-LOVOMI'€S 09MED L)L JNNY IM9'E = S}OA G IO} ZY O}SIsoy GY
0L'0  [0L0 aN-1LOVOMZ'LS 02MLO L L JINNY]L MZ'L = S}OA G IO} LY JO}sISay 9y
A0 710 aN-10004d1dLdv1LdNA 0041 ALd¥VLANH|(E M Y/ ‘wyo ¢¢Q Joisisal osusg IS RASHRS
190 (/90 aN-61£209 3930¥6HS010J.Ld|L dwe | -}|0A G Joj8sn} D1d L4
€y'0  [E¥0 AN-LOS4618SNL 6L8SNL|L Jaljoey Aeypoyos 1a
¥9'0  [2€0 aN-L-2ev0L-€6%] dLLAANLOLILVIAN Z4n 00| - ¢ de) bal A¥D'€D
¥2’0 [¥20 aN-10120109g Z11G4900GLIL .M 14d 0% -- | deDd baip GO
1270 1270 aN-1L-€19G5-G6¥ rv0lL2ZVvPLZ8d LHN 001 Jojonpul L7
8G'0 (850 aN-S-99//1-96¢2 dVE90¥EOIN LJIOA G Joj Baip en
(paJainbay) Jojejnbal Buiyoums 3JoA-G
8¢l [690 aN-¥8€01 3V Y-N-d1-¥-2-+¥002-V|2 S19%00S G MYy Zry ‘Lry
620 [SL0 aN-108¥1109g Z1LSGINGAGLZY0LM|2 "o -- sdeo ssedA gzo0 ‘Lo
€6'0 [€60 AN-d/3-2952dON d/32952dON] 1 JoAigosuel LXINVO
(paJainbay) JaAl@osuel] NYD
05" 409 gl (woQ| X wopL) g0d
67'c  I6r'El AaN-09/G€-962 9¢ZLOVYNL|L pJeoq eAl|
88°'8C sued palinbay
08pUBIXTD) 1S0D Nd Aayibig _ WwnN Jed jnhuep Kio| uonduosa quoneubisag
_ slied paisinbai oi1seg
09°€e Aluo ‘Jndjno g ‘sjndjno G| 9 uondo
1G°0€ loje|nBai 3joA-Gg o/m Luondo G uondo
19 LY SJJO| |1BIS Yyim Buiyihiens ¥ uondo
zL'9 guojbuipeq + g uondo ¢ uondo
1€'G ¢ lleys ¢ ‘sindino g ‘syndul 9| Z uondo
62°GE  Jayjo ou ‘sndino 9| ‘sinduj 9| | uondo




0€0 [g0 adN-91-032101S DY-NVYVS910D034d]1 9] X | JepesH

000 [96°L adN-99501 a3 0S1VY80ONALSO]0 XQ [BUILLIS) MBIOS

/00 [/00 adN-LDVOMZS 00MZO1d¥LJNNY]L sJojsisey dn-|ind 8y
0z'L |0zl AN-dS/3-210£Z2dON /10€Z2dOIN] L Dzl ‘Jepuedx3 1nduj LOI
/S°L (DZI ‘sindul 91 ) J8)sibay ndu|

GL'0 [€0 adN-91-032101S DY-NVVS910034d|L 9l X | JopesH

000 [96L adN-99501a3 0G1LVS8ONALSO]0 X8 |[eUIULIB} M8IOS

6¢0 6¢0 AN-471€0L-10L-X609% 47€01L-101-X6097| | MOI - Aele ._oﬁw_wm._-u‘:&:o ENY
/80 [/80 AaN-S-99€2-/6¥% VE08ZNIN[L Aelie JndinQ uojbuieq 48]
Lyl (JeuondQ) eAlL wolj WA 40} sindinQ uojbulieq

0€0 [€0 adN-91-03Z101S DY-NVYVS910D034d]1 9] X | JepesH

000 [96°L adN-99501 a3 0S1V8ONALSO]0 XQ [BUILLIS) MBIOS

8.0 [6£0 aN-S-2¥56-962 yZEW1[2 X 10jeJedwo0o-8s10)0) ¥l ‘€0
020 |oL0 AN-LOVOM9'ES 09MED LAY L JNNY[e sleplAl] Joisisay Jojetedwo) 91y ‘GLY
6E°0 6E°0 AN-47L0L-L-"9l Lv 4710L-1-499L L} 13740) 00} - Aele ‘_oyw_wm._-SQSo Z¢NY hFZN_
GL'L  [sLL AaN-S-0202-962 G65990Id1[L [ ureip uado - Jsisibal Jiys IndinQ ZNn
860 [850 aN-S-0091-962 GBSOHY/[L sJe)sibal Jiys-jndino LN
2Z20 |00 AN-LOVOMZS 00MZO LY L JNNY]E )loA ¢°¢ sJojsisay dn-|Ind| ¢1LY'€LYZLY
zz0 [z00 aN-LOVIOMES 00MED1LdY L JWNY[E apIs }|OA G sJojsisay dn-ind| L1y ‘0L ‘6
20'L  |¥e0 AdN-1OV1000/NZ V1000/NZ|€ |IdS 10} SISO BIUS [9AT| €D ‘2D ‘LD
G8'¥ (zuondQ indinQ) sindjno (f)Jojow |[eys pue (g) 10308|j09 uedQ |dS

00 g0 dN-91-032101S OY-NVYVS910034d|L 9l X | JopesH

000 [96L adN-99501a3 0G1V8ONALSO]0 X8 |[eUIULIB} M8I0S

8.0 60 AN-47L0L-L-"9L LY d471L0L-1-499L Ly 137 40) 001 - Aele ._oﬁw_wm._-u‘:&:o ZNY ‘LNY
ocz sl aN-S-0202-962 G65990Id 1|z | uteip uedo - usisibai yiys JndinQ LN
2Z0 |00 AN-LOVOMZS 00MZO LY L JNNY]E )IoA ¢°¢ sJojsisay dn-|ind| ¢1LY'€LYZLY
zz0 [z00 aN-LOVIOMES 00MED 14V JWNY[E apIs }|OA G sJoisisay dn-ind| L1y ‘0L ‘6
20'L  |¥e0 adN-1OV1000/NZ V1000/NZ|€ |dS 10} SISO BIUS [9AT| €D ‘2D ‘LD

€8y

(Luondo indinQ) J0308||0g uadQ 9| -- sped IndinQ 1dS




/7T Ewmcm_ iP8ABS 10U :318( Ao
By pY anNo HLdMOVI d93mod
[ [ —
IJawwlZ ‘AN Bue( & & =Lz
N3 : ’ :Aq ubiseq % @ 22
N . H - T U 4n A
Il =vorooNo W. Bl -rvoroo~w m“_ OOF/\ —\ﬁ/lﬂl
— N -i — —
Syp4eogasg 307 31111 WW ww WW Ww W €347 yoe w_.| N
0°€/es-Aq/sesueol/Bio-suowoosaeaso/dny | oo EE| DD EE| DD e Gy dNO dNY |41W|ﬂ
¥
9su8dIT 0°E Iy-2Jeys uonnquny T e N T oLy ano dIaeo0rEON ND
SUOWWIOY) BAITBBID B} Jepun peses|ay >wv Y Ll anasnwon
2q a4 ol 3 e GhRTOL_| 5 oon L2 anpor
_\|W_.|\) — o |7 P AN IMS N3IS |—Fuwyo | .
818SN kew 005 N g | fizag OMS HAQ A9 72
<« 005 O0A - 8 [ A
OZMaI0s 2 aAND w £f MW=
[IN N €d
= cosedon 4o NS Q0A
d XHNV aAND
n G DL on o [eh 43T :
V ———~=1 INvO aaA -g9——=—| ¢ HO aND® o
80— oJHzo NEE J_|_._H_7w%mm HNVO  SSA \I_m As N m|w%m om H10HS. HO 25
770 ¢ g | A8LS oL = AND sioms 1T ﬁwmm ww
9 90 XINVD MO G F
S0 g aND ano g 39 P
7700 XINVO NEETL ] 838 © o sdr
o R [T IR -
2 20 3§ 50 %G v $or 10458
T 7O 6 = o AS AG 90d9DZ
— 9
Nipzlz 91 N G6SOHYLNS LEERE
Ldr dSZ10£2dONIND 2Y ano s g n Er 55
zdl_ S =
!|_ /84D SSA - 3 03doe]
8 8 - €ddHe
7 7] 9849 1no EFs g | LNO 43S oM zaaor ™
5 5| sado ev AS OOA —mgor] od 410, —
5 5| v8dD LY p gNgar ] YNIVHA  eNIvdd
= - £8do ov ¢ oNgaz— SNIvea eNivea
= £l 2ado - o ZNETE—| ONIVHQ INIvHa —
18dD  VAS fr———— M1o0s | | tmsn Tazd| | vasu S INIVHA  ONIVHA =
4 4 € M100S EER) 14dD VAS HAND ¢NHT 71 o 9LINO T
g if 0990 05 ERISSHL Ssos—| Ssdos| | 2040 |rgg €3dD | €399 | | 08U oS yogser | MO¥S  NTEIS s1io gfo
— Xuos— xdos 90d9 |9 D 235 @do X108 F—sTog 5 GN® 00N Iy, s
g 5| Lvdo Kgeo—| xdes £0d9 |73g5 135 ‘ade | [»0zs oz o
NS
7 7= 9vdD Y1z xdes 90d9 [555g95 caqo— €add | |XINVD ~Nwo — T o
5 gz| VO 8INI Iep—,qgp iSH| LS SLOIN 7310 2ado | 2949 [ [xuNvO wENydl S65890IdL o o g™
§ ol VdD VINI g 03dD | MO [ SIS0 BT fegONDLAdDRE) 1999 X0 Txan ooft ENIEES ono 2o
Vv S0 Lasaw anoadot 50 | e [ROSON T TT0AdY | Qi | | ssies [N o om0 B
M mm LVdD B Isd TTIOSU| os | | +7ms ﬂn"__mov e A AEE S s lnow3s o m|lmjc 8 7110 vdr
ovdD sogo—] od 410, oy
— E ) 5509 SIS, — NS er The vw:amdm”| YNIVHA  ENIVHQ .mwﬂzmd
ree s Mz XL0S N4 Ree ¢ INTTE—] SNIVEQ ZNIVHO e q
WW WW 9 INgUer | ONIvdd INIvHA TPTNEa
2y ey viy aND 2 INETF] LNIVHG  ONIVHG  (erNEg TTino oG
| . | o | . T OHSSr | YOuS  NIE3S -
000LNZ %HH.. 0ZNZ %HH.. 0LNZ %Hn.. o] N N Ty, 010
1o} ¢ 2O ¢ €0 A8 AS ano 510
ubrseg swaiyshs z $® $@ 1 . $1N0
JERYYY y §>?|,_ |mmbm|_ 65990tdt - €100
o _‘MDG o o 8 % % G|. - Ao
© © [0 o |© [©o | D (o 3 €dr
D oD oD 5O | D |-© [aD |uD N
1M gy B3| ollzl|zl|zl|=zl|z||z]]= ¥imoT ¥1dn
eH\ K [EEE S S F EE NIA 2H tH
cle g 212 |g [ 9
3 '3 'S = 3 2 22
© 5 = R 3 2 a©°




