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timer.c

include <timer.h)

void timer init()
{

1. timer0 Tlifo] 28 27|8foh £ES 2Pl PGPEOON &= ~0x:

2. timer) Tluo] 0] S0} ABFES Aol S TGPBCON |= 012
4 ZEE interrupt controllers Z7]3sh= FES TGPBUP |= Oxl;
3. SHEglo] AHAES Helshe A Rebe At HICRGL &= ~Oxt

4. timer0 interrupt handler& 233ttt FICEGH =i
rTCON &= ~OxfT;

T2 timer. ¢ 929 W-go|c}. rTCNTBO = (PCLK/1/4)/1000-1;
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1% 194 PCLK 3+ 8H]E PrescalerS 714 Clock
Divider2t 5:1 MUXE 74 Control Logic09] 4¥ o2
Eo0j7ith 8H|E Prescaler= 0~2552] H9E 74y
PCLK®| %t& 1~2662] 3o U= 9 Sit. timer0
of] T2t 88| E Prescaler?] #4=> TCFGO A 2H ¢ 519] 8
HES o]ga A4 4= gt timer init FpollAl=
TCFGO 2| A1 2E 9] 5}9] 8HE gh& 00.= A7ttt

Clock Divider} 5:1 MUXE 8H]E Prescaler©lAl
Control Logic02. 2 S0i7l= & 2, 4, 8 T 1622 L}
== o8kS B timer02) Clock Divider@} 5:1 MUXO|

?F 47%4& TCFGL #AIAE 9] 619] 4H|EE o] 83l 44
Fo}, timer init $HrollAl= TCFGL HR|2E 9] 519 8H|E
1S 12 AAJ3)| 8H|E PrescalerolA] Control Logic02.2
So7he ke 42 Uire A8 g,

Control Logic02.& 5017h= gt tha Aol 2Jajix 274
e,

1

=

ot

5\1
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Timer input clock Frequency = PCLK/{prescaler

value+1}/{divider value}

PCLK®| ZF2 APB A2 ZHEHE clock b2
include/timer.h Tt of| T} 7o) A olxjo Qlrt,

#define FCLK 399650000
#define HCLK (FCLK/4)
#define PCLK (HCLK/2)

Z FCLKY #& 82 Y= Frolth. wakA Control
Logic02& 597} clock Futpts g 4]of 23
12489062 %ro| Hct,

(399650000/8)/1/4 = 12489062
TCON HAAHO] 519 8H|E+ timer0d] A3} o F

TCNTBOZ} TCMPBO #|*|2E] 9] manual update, TOUTO

e inverter 7|5 2433} o5 timer02 auto reload &
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43t ol 52 AT of ARERIt) 7] K= Uit timerO
O] = 755 HlE/det Al At

PWM F3}4== TCNTBO YA AEE o83l A48 4= 9l
t}. timer init = 2% 10009 JEHEZF S EE
TCNTBO HAAEE AA3ITE TCON #2289 181 HIE
£ 12 A3 manual updateE 5=33tH, TCNTBO A
2F Fhe YR HA2E TCNTOL R HuHch 121
TCON A AE 2] 0W BIEE 12 78l timerOS /43t
A7, TCNTO A 2~E2] Zro] Control Logic0L-2 ¢
L£.3= clock Fufpof] BH Ao}y Ak,

TCNTO #IXAE Q] gho] 00] == <=7t interruptZ| 2AY
gttt ojuf TCON #H|Z|AE ] 3H B|EZ} 1 gho & A= o]
U Aol 5, timer02] auto reload 7]%5°] /3= o]
)2 o TCNTO #HA]2Ei= TCNTBO HIA|AE] ZLo2 ThA]
%713} "o}, 28]a1 E thA] Control Logic022 5019+
clock Fulpof BH 7hAs}r] AR,

TOUTO0Y gk& 1A low #l®ellA] high = R dA]
+ TCMPBO HIAAEE o83 24T <= 3lrh. TCON 2
22~E 9] 1 H|EE 12 A3 manual updates 5343}t
H TCMPBO #AIAH gk Wi #2128 TCMPOZ AE
Itk TCON A2 9] 29 H|EZ}1 oz A w0 9l
750l %, TOUTO #t9] inverter 7]%5°] HIZ/J3} H o 3l
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A3 Fol TCON AL 19 HES 12 dAs]
manual updateE =33ttt

22 interrupt controller®] INTMOD, SRCPND,
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24| 2El= SRCPND #AAEE 53l E0lee UHHES
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£9] QIEHES [RQ BER A& A, FIQ ZE= X&g
2)9] AEE A= TS 31T} Request sourcesEH-E
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P == B EL interrupt controllerol &J8) 12 AR w )
12 A%H BB A oA JIHHEE At et
IR gobAl =, whebA Ad Goli] e HES
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timer _init $= INTMOD #AAEE 022 AA3)]
£ Hute] 29 JIHYHE 84S [RQ RER At 17
31 INTMSK IR AEQ] 108 HES 022 443 timer0
SRBEH o]0 JAEYES 383t T HE
SRCPND, INTPND #|A|2E ] 10¥ H]Eof| 1 gte= i
S 7L B A] o] Ao timer0L 2 RE ClEHET} Eol& A
< AJ7}3f SRCPND, INTPND A€ 2] 101 H|EE 02
2 27)3k5h}

imer init F<=2] wpA[EF FEo A= TCON #HA|AE <)
0, BEE 12 A3 timer0> SASIAZ|H, timer02]
auto reload 7|5 S/JEHAIT},

A 27HA] A B gR) AE Q] F4 ZFE include/timer.h
stlof] A eje|o] Qlek, ool Al timer,c TFU O] 8-S AT
Holkeh

th2-2 timer h o] W&olt}, timer h YL include
O E g AYAataL 11 Qo] oo glct,

include/timer.h

#define FCLK 399650000
#define HCLK (FCLK/4)
#define PCLK (HCLK/2)

#define rGPBCON *(volatile unsigned int *)0xf6000010
#define rtGPBUP *(volatile unsigned int *)0xf6000018

#define rTCFGO *(volatile unsigned int *)0xf1000000
#define rTCFG1 *(volatile unsigned int *)0xf1000004

#define rTCON  *(volatile unsigned int *)0xf1000008

#define rTCNTBO *(volatile unsigned int *)0xf100000c
#define rTCMPBO *(volatile unsigned int *)0xf1000010
#define *TCNTBI *(volatile unsigned int *)0xf1000018
#define rTCMPBI *(volatile unsigned int *)0xf100001c

#define rSRCPND *(volatile unsigned int *)0xea000000
#define rINTMOD *(volatile unsigned int *)0xea000004
#define rINTMSK *(volatile unsigned int *)0xea000008
#define rINTPND *(volatile unsigned int *)0xea000010
#define rINTOFFSET *(volatile unsigned int *)Oxea
000014

T2 exceptions.S T4 W82 AHE7| = 514}, 8}
E9o] JAEHEE HEal7] $all corelRQHandler 5

ot} ol st
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exceptions.S

.globl corelRQHandler
corelRQHandler:
sub rl4,r14 #4
stmfd r13!, {r0-r3,r12,r14}
bl eventsIRQHandler
ldmfd r13!, {r0-r3 r12,pc}”

corelRQHandler g= HA] r14(r) HAXE Q] ghS
A}, r14(lr) HA2EE RQ REQ] R AEo]H, o}‘:
ol AEHHEZL BAPS FA Fagetarat P gl
s BEo] §1A] gha 71, whebA fiek o] r14 A&

B9 & g sliof gt

Je)3 28| v0, 11, r2, 13, r12, ri4S AR r13(sp)
AAEE IRQ B9 gAIAEolaL sEgo] JIEHES
TAF ez A2|sl7] Yl eventsIRQHandler <5 353t
o}, EventsIRQHandler g tf29l ATE irghandler.c
aRlof| A ojefo] Qirt,

EventsIRQHandler &<r=oflA] 2]&l3t Sof A0 2 RE
r0, rl, r2, r3, r12 HALEE HstaL, o) o] Aeof 2%
U r14 HAAE Q) ghE pe HALEHZ B8] JIHHET}
S Al Fstaat Jd HEol2 2}, ofuj,
spsr BIAIE Q] GHE= cpsr HIAIAE 2 FAL

ool Al exceptions.S 3H 2] W8-S A HQITh HR-E
irghandler.c ¥42] W82 A 7|2 314} irghandler.c
T o] -2 ot e

irghandler.c
#include <timer.h)

void eventsIRQHandler()
{
unsigned int rintoffset;

unsigned int rintpnd;
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uart, puts(‘TRQ handler: ”);
rintoffset = rINTOFFSET;
uart puts(‘rINTOFFSET - 7);
uart, puthex(rintoffset);

rintpnd = rINTPND;
uart, puts(‘, rINTPND —7);
uart,puthexnl(rintpnd);

rSRCPND |= rintpnd;
rINTPND |= rintpnds;

irghandler.c Tt¥ofl&= eventsIRQHandler 371 <]
Ho} 3t} EventsIRQHandler &<+ INTOFFSET,
INTPND #IA2H g Az ¢S &, 11 35 93t
timer0. 0.2 E] QlE|HE 7} M-S A INTPND H|2| 24
9] 109 BIE7} 12 A=, INTOFFSET #4128+ 10
& 7t INTOFFSET #| A28 = INTPND #HA]2F ]
12 AAE HE F i LARE 2= HIEY 4] gk
7HAAL 3l

EventsIRQHandler $49] ulx|9tolli= SRCPND,
INTPND A28 9] HAPH AEPE| siisl= HE
£ 022 27|38t} EventsIRQHandler 3= timer0
O] QIHEE Aefsh= FROZ A= O, ARkl

StEglol AHFES Helshe a0 8 B2 AGT 5
st
O] o o= 2

main.c L0 Y-8 AEAL main.c 2| W82 of
ek 2t

main.c
#include {system.h)
void uart init();

#define syscall) _asm__ (‘swil”)



void kmain(void)

{
uart, init0;
timer_init(;
local_irq_enable();
while(1) syscall(;

—

kmain === timer init 35 E£Z3 timer0 tjHlo] A
271318}, local irq_enable TIAZE o]&-3) sl=9]
EES A8} )1 2olE] (swi 1) HPolE 4

gY3tct local irq enable "lZ2% inclue/system.h 3H o]

=

&2 system.h 70 golh. system.h HAE
include t]HEg]of dojof 3ict},

r° il

include/system.h
#define local irq enable()
(
unsigned long temp;
_asm___ volatile (
“mrs %0,cpsr\n”
“bic %0,%0,#128\n”
“msr cpsr ¢, %0
=1 (temp)

TR

““memory’, ‘cc’);

— - = - = = = = = —

#define local irq disable()
(
unsigned long temp;
_asm___ volatile (
“mrs %0,cpsr\n”
“orr %0,%0,#128\n”

— = = = =

L et

“msr cpsr ¢, %0

=1 (temp)

— = = -

““memory’, ‘cc’);

system.h TA= =g o] JHHPEE LA 3}sl=
local_irq_enable "j=L2 9} H]Z4J3} 8l+= local irq disable
i =227} inline assemblyS o|-&3 Aol gt 7zt
cpsr] TH HIE([ HIE)E 0 B 12 AAgo 2 3l=9)
ol JIEHES A3lstAL v|2/da} ik,

ol o)A system.h TY WLE AHETE Theo
Makefile®] W82 A3 7|2 5}A}

.c.0:

arm-linux—gce $< —c
ot} o] 4galey,

.C.O:

arm-linux—gce $< —¢ ~linclude

o|ZA Aot C U HHY & A+
2] WY timer.h T3} system.h T+
E timer.c T4} irqhandler c o]
B2 KERNEL OBJ W5 th&a} 2o

include &
2 o]Q.sL P olr,}
Aol F71=] gl
A

o

KERNEL_OBJ = head.o main.o mmusetup.o uart.o
exceptions.o swihandler.o timer.o \

irghandler.o

ool 4 2

7} Lehe,

=
Of

&
ot
=)
e,
QL
=)
o
)
o
my
rlo
4
oo
i)
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SWI handler: syscall number—0x00000001, cnt-0x00000019
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000001, cnt—
0x0000001a
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000001, cnt—
0x0000001b
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400

SWI handler®} IRQ handler7} 313 3&%1 9t}
INTOFFSET HAIAE €] gro] 10, INTPND #HIZ]A~E2] 10
=] H]E7} AA Qlh, 1% the2 & multitasking® W& E

FE& F71s17] fl8l = 719 ejlAAltasko, task)E 7+
s}% e 2Mdel] Bk WA taskO.c, taskl.c Y-S o

taskO.c
int main()
{
while) asm  (“swi 0x80");

taskl.c
int main()
{
while() asm  (“swi 0x81");

Z+7} {swi 0x80p, <swi 0x81) A8 F-& HB315| $&3}41
ek The-& cute—boot.1ds TUL- ofge} Zro] 473k

9%

TECHNICAL FEATURE > > > >

cute—boot.1ds
OUTPUT _FORMAT( elf32~-littlearm”, “elf32-littlearm”,
“elf32-littlearm”)
OUTPUT ARCH(arm)
ENTRY( start)
SECTIONS
{

. = 0x00000000;

.= ALIGN();

Jtext ¢ {start.o text) *(text)}

. = ALIGN®4);

-rodata : {*(rodata)}

. = ALIGN();

.data : {*(EXCLUDE FILE(cuteOS.bin.o taskO.bin.o

task1.bin.o).data)}

.= ALIGN();

_bss start = .;

.bss ¢ {*(bss)}

_bssend = .;

. = ALIGN®4);

_os start = .;

.cuteOS : {cuteOS.bin, o}

. = ALIGN(4);

_osend=;

. = ALIGN();

_taskO start = .;

.task0 : {task0,bin.o}

. = ALIGN();

_taskO end = .;

.= ALIGN(4);

_taskl start = .;

.taskl : {taskl.bin.o}

.= ALIGN(4);

_taskl end = ;

_end = ;



cuteOS9| binary ©[m]A] F el taskO, task1®] binary
olu|Z|E AR oA k= AL & S+ Utk cute-
boot.lds T o] A A Q1 W82 2 714} 2005\ 10¥5 5
Zarsly) vigtel, start.S Q9] wpx|ur RELS et

start.S

copy._loop:
ldr r3,[r0],#4
str r3,[rl] #4
cmp 10,r2
blt copy_loop
taskOload:
1dr r0,=_taskO_start
ldr r1,=(0OS_RAM_BASE+0x100000)
1dr r2,= taskO end

ldr r3,[r0],#4
str r3,[r1] #4
cmp 10,r2
blt 1b
tasklload:
Idr r0,= taskl start
ldr r1,=(0OS_RAM_BASE+0x200000)
Idr r2,= taskl end

ldr r3,[r0],#4

str r3,[rl] #4

cmp 10,r2

blt 1b

ldr pc, OS RAM.BASE

taskO, task1 x5 22} (OS_RAM._BASE+0x100000),
(OS_RAM BASE+0x200000) H12| 2 Ak}, start.S ot

{ L A2 72 =5t AHIC= 0S9) ofstet 28

o] A A AL B 71AF 2005 10¥5E 215}y vlgt
o}, th2-2 main.c 9] Yok,

main.c

#include {system.hy

void uart _init();

#define TASKOL2PT (unsigned int *)(0x100000+0x4400)
#define TASKIL2PT (unsigned int *)(0x100000+0x4800)
#define TASKOBASE (0x302000001 0xff<{4|0x2¢<2| 0x2)
#define TASKIBASE (0x30300000 | 0xff{{4|0x2<{<2|0x2)
#define MASTERLIPT (unsigned int *)(0x100000)
#define TASKOL2PTBASE (0x30004400|0x03<<511
<410x1)

#define TASKIL2PTBASE (0x3000480010x03¢<5]1
<410x1)

void mmu_fill 12pt(unsigned int * unsigned int *

unsigned int);
void flush cache tIb();

void mmu_map 12pt(unsigned int *, unsigned int);

#define jump2task0( \

( \

unsigned long spsr; \

unsigned long task0addr=0x400000;  \

unsigned long svesp=0x408000; \

_asm___ volatile ( \
“sub sp,%2,#4\n”
“mrs %0,spsr\n”
“bic 90,90 #OxFA\”
“orr %0,%0,#0x50\n"
“msr spsr_c,%0\n”
“movs pe, %1

Y (spsy), 1" (taskOaddr)

— = = = = = = —

, T (svesp)
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TECHNICAL FEATURE

““memory’, ‘cc’); \

void kmain(void)
{

uart, init0;

timer init();

mmu fill 12ptTASKOL2PT, TASKOL2PT+8, TASKO
BASE);

mmu_fill 12pt(TASKIL2PT, TASKIL2PT+8, TASK1
BASE);

flush cache tlb();

mmu map 12pt(MASTERLIPT+4, TASKOL2PTBASE);

uart,_puts(‘jump to taskO\n”);

kmain 95 27] Hofl WA Qo] o] o] Y= mf
S AwE7|Z 3R} TASKOL2PT, TASKIL2PT vi=
2= 217} task0, tasklS He|3l= level 2 page table?] 7}
Ay F45 Ueldt TASKOBASE, TASKIBASE w22+
Z¥Z) taskO, taskl1®] &8 48} AP, C, B 4 5= Ut

2
i

MASTERLIPT "3 2+ master page table(level 1
page table)®] 7Md F45 UERdT:, TASKOL2PTBASE,
TASKIL2PTBASE w22 77} task0, tasklS ¥e]sh=
level 2 page table®] E2] F4-9} Domain, C, B &4 52
Uit} jump2task0 Ml22= task0 FEOZ H7] 93

goglon, FolA durr| e gk, I8 kmain T8 A

HE7| & Sk},
kmain 4= mmu fill 12pt &+E 0] &3] taskO,

task12] level 2 page table2 27|33}t kmain $4=2 o}

jump2task0();
} AJap HEO|A task0 FEIOZ F7| 93] flush_cache tlb
‘cg-_/'\% O]—g-’o'ﬂ Cache_gl- tibsS H]vr—.l__, mmu_map_lZpt 1:!‘!"
TASKOL2PT TASKIL2PT
0x30207 11 0x30307

0x30200 11

virtual addr MASTERLIPT

0x0040_0000 0x300044 0011 01

a3 3. task0 F<le
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At +

[=3
OE

St AHCI=

TASKOL2PT

0x30207 11 11

0x30200 11

virtual addr MASTERLIPT

0x0040_0000 0x300048 0011 o1

I8l 4. taskil

£ o]&3] master page tabledl task02] level 2 page
table2 WIAIZIYt, mmu_fill 12pt, flush_cache_tlb,
mmu_map 12pt == FlolA AHE mmu.S 3Hdol| A2
wo] Qlet

T3 32 o] 3 of| osiA] A H taskO, task1®] level 2
page table¥} master page tableS UEFH Z o]t} taskOo]
A taskl2 &2 23RS 4305t 749 master page table?] 5
A AEZ]o] tagkl®] level 2 page tableE WHA|Z|H, 1
7 49} Zro] Uehd 4= Qi

7V ol gt ARAIRE W2 2 71AF 2005 119 &
S Zz317] vt} kmain §40 vpAY HEAE
jump2task0 "HALZE ©]-§3f task0 FHOE HH, 0|5
kmain FEC2 ThA] 50k A] =t

jump2taskO T2 inline assemblyE o183 A3
om SVC BEQ] sp HAAEE (0x100000-4) HRE 2
713etct, ofuFsh, S0 task FEIIA swi HHE o] &

=

TASKIL2PT

0x30307 11 1 1 1 0 10

0x30300

0x30004000

0x30000010

0x30000000

Feio] Y

3 SVC RER AYs AL SVC HEo| A ARR3F ABlo] F
2 Fhol ZRsr| ook,

SVC HE9] gpsr BIAAE Y] 319] 8 HIES 008 %7]
38k 0x500.8 AL Tl movs HHolE o] &al| 7t
F4 0x400000 HAZ FHIZE 43§38k}, oju] CPU o]
9] RE= USR RER vHH | sl=9o] QY E= 24
sy,

ol gl A main.c wtAdo WEe AHEYT a2
mmu,S 92 W8-S A 7|2 5}AL

mmu.S
.globl flush_cache tlb
flush cache tlb:

mov r0,#0

mer p15,0,r0,c7,c7,0
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mer p15,0,r0,c8,c7,0

mov pe,Ir
.globl mmu fill 12pt

@ 10 — level 2 page table start

@ r1 — level 2 page table end

@ r2 - task base addr and attributes
mmu _fill 12pt:
15

str r2,[r0] #4

cmp r0,rl

addlt r2,r2,#0x1000

blt 1b

mov pc,lr
.globl mmu map 12pt

@ 10 — level 1 page table entry

@ rl — level 2 page table base addr and attributes
mmu_map 12pt:

str r1, [r0]

mov pc,lr

mmu.S FY+ flush_cache_tlb, mmu_fill_12pt,
mmu_map_12pt F7h FoE ] Uk 47+o e
cache®} tlbell that 2713}, level 2 page tableol] That 474,
level 2 page table= level 1 page tableo] W A7 &gt
= it

7} ol gt ARGl ATe 2 71AF 20054 119
Fo|A t-E mmusetup.S FL] mmusetup TrE Fx
5}7] v,

ool A mmu.S Y &S AHET TS
Makefile®] W-g-o|c},

Makefile

.C.0:
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arm-linux—gce $< —c ~linclude
.S.0!

arm-linux—gce $< —c

# BOOTLOADER
OBJ = start.o led.o clksetup.o memsetup.o cuteOS.bin.o
task0.bin.o taskl.bin.o
cute—boot: $(OBJ)

arm-linux—1d $(OBJ) —o cute—boot —Ttext
0x00000000 —N —T cute—boot.lds

arm—linux—objcopy cute—boot cute—boot.bin —O
binary
start.o: start.S

arm-linux—gcc start.S —¢ —DOS_RAM_BASE
=0x30100000

# KERNEL
KERNEL_OBJ = head.o main.o mmusetup.o uart.o
exceptions.o swihandler.o timer,o \

irghandler.o mmu.o
cuteOS.bin.o: cuteOS

arm-linux—ld —r —o cuteOS.bin.o —b binary cuteOS.
bin
cuteOS: $(KERNEL OBJ)

arm-linux—1d $(KERNEL OBJ) —o cuteOS —Ttext 0x00
000000 -N

arm-linux—objcopy cuteOS cuteOS. bin —O binary

# TASKO
task0.bin.o: taskO

arm-—linux—ld —r —o task0.bin.o —b binary task0.bin
taskO: task0.o

arm-linux-1d task0.o0 —o taskO —e main —Ttext 0x400



000 -N
arm—linux—objcopy task0 task0.bin —O binary

# TASK1
taskl.bin.o: taskl

arm-linux—1d —r —o taskl.bin.o —b binary taskl.bin
taskl: taskl.o

arm-linux-1d taskl.o —o taskl —e main —Ttext 0x4000
00 -N

arm-linux—objcopy taskl taskl.bin —O binary
clean:

rm —f *0

rm —f cute—boot

rm —f cute—boot.bin

rm —f cuteOS

rm —f cuteOS, bin

rm —f taskO

rm —f task0.bin

rm —f taskl

rm —f taskl.bin

HA cute-boot FAE WE7] Y3 OBJ W
task0.bin.o, taskl.bin.o 47 &7, cuteOS Y-S THE
7] $13ll KERNEL OBJ #%=o mmu.o 39S 71t} 1
2|1l taskO, tasklS ALY 317] Y8l Z2-9] dependency
line= 7T,

ol/FellA Makefilesr Akt o] 243 8- 4
uplst oh2at 22 A7t vepdt,

IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000080, cnt—

{ L A2 72 =5t AHIC= 0S9) ofstet 28

0x00000d3f
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000080, cnt—
0x00000d40
IRQ handler: rINTOFFSET-0x0000000a, rINTPND—
0x00000400
SWI handler: syscall number—0x00000080, cnt—
0x00000d41

taskO FElo 2J3
S5 ool F 7He HiAA(taskO, taskl)E
FES 2Ads) ®olct

F315] eventsSWIHandler $H7} &
=

the ol Al multitasking& =3517] $15) 2
}_LU,?\:H A3} ZET} AAEY 2ES A B o

10 ,
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Gl 27k 54, %, =gl °lE1 ﬂa 23} g
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e SUEREC SRR

S3C2440A 32-BIT CMOS MICROCONTROLLER USER'S
MANUAL Revision 1
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