19974 117 EFTREHRGE

FX97-34C-11-4

UL CR FLUKE 29

ZEagy ABRIE ek WAL s Aelelole] 4A) o

78714

(Design and Implementation Technique of Real-Time
Mechanism Control Language for Programmable
Automation Equipment)

H A& " TH#&E"

(Jeong-Hyun Baek, and Yoo-Hun Won)

2 o

Ake) Adule] abEsl 247} F1%tel wleb 2 gl A7 |(PC), Fx|Ae17)(NC), At A 2=(DCS)
2 2X(Robots) Aeir|et 7 ZR2aad AF37171E0] AH8e] F43] FvIsln ok e 2o
2571718 918 EEown odeje] A A9 o]Feixlx] ¢u uiR-E £ ix(Ladder
Chart)t} +=2]7]3(Logic Symbol)3} & zFoles o]-&sle 5ol v 27 it weir] B =Foll4
B s oloje] 2AE, whEY il ke TF FRe A7AE FRe) dgAzr 34 FRE
Z7kgl AlA7E Wz & Alojdel(RTL/MCS)E F8iskn zg 783 #o]#|v17)7]|(programmable lazer
marking machine) #1873 7Wdel] S-gabick w3l AT A&7w-e Agkslel aloe] WA
A7 gz o] AR e el A Ze el AarsAde ol&E 5 o EEsich

Abstract

As the trend of the automation is increasing, the usage of the programmable automation
equipments like programmable controller(PC), numerical controller(NC), distributed control
systems(DCS) and robot controller is greatly expanding in the area of the industrial equipments. But
the development of the programing language for the programmable automatic equipment is rarely
accomplished. In this paper, we propose design and implementation technique of the real-time
mechanism control language by adding time constraint ccnstructs and timing analysis constructs to
conditional statement and iteration statement of a programming language. Moreover, we made it
possible to predict plausibility of time constraint constructs of a real time application program at
compilation time and developing execution time analysiss technique.
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delay_statement = DELAY (' ( MSEC | SEC | MIN )
| DELAY UNTIL word_expression '

word_expression ¥
word_expression

within = WITHIN word_expression ( MSEC | SEC | MIN }
[ ON TIMEOUT statement_list ] DO statement_list
every := EVERY word_expression { MSEC | SEC | MIN ) statement _list

| EVERY word_expression { MSEC  SEC | MIN )
WHILE ‘(' bit_expression I' statement_list
wait_statement == WAIT ‘(" bit_expression V'
[ TMEOUT  number (MSEC | SEC | MIN) }
CONDITION '{' bit_expression ')’

ON EXCEPTION
when_statement = WHEN

condition_do =

statement_list DO  statement_iist
bit_expression "' statement_list

{ OR bit_expression = statement_list } TIMEQUT word_expression;
start_statement == START cycle_name

exit_statement == EXIT

return_statement = RETURN

if_statement == IF ‘(" bit_expression 'V slalemem,lxél

{ elsie {' bit_expression ') statement_list }

while_statement = WHILE (' bit_expression V'
[TIMEQUT number | CONSTRUCT number]  statement_list
for_state == FOR '{" word_expression 7'

[ COUNTQUT number ]

bit_expression "' word_expression )’

forever == FOREVER statement_list
set_statement == SET ‘(' bitterm { ' bitterm } ¥ ( ON | OFF | IRV )
i SET ) bit term { ") bit_term } " TO bit_expression

let_statement == [ LET ] word_term =" word_expression

word_expression == word_expression ( "= % [/ ] %)
word_expression | word_term

word_term = word_name | number } word_function

bit_expression == bit_expression { ‘& ! ' | =" | "~} bit_expression

| bit_term
bit_term == bit_name | bit_relation | bit_selector | cycle_name
| bit_vector ! bit_function
bit_relation = word_expression (<' | >' | '<=" | >=' | == | ‘o> )
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statement_list = {" { statement 5" } ¥
cycle == cycle_name ‘(" ' var_decl statement fist
var_decl == { ( WORD | BIT ) identifier { ' identifier } "' }

program 5= main_function { cycle }
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SetTimer T002,100.LT2
Jump L17

Load 3 67

Store 2,67

}
do{ e
B1Status = DefualtData | Delete T002
Jump L18
. L17 Load 4 56
} Store 2,45

Delete T002
L8 S

a3 7. within®] Z=AA 73
Fig. 7. Code generation rule of "within”.

3. every
Every ¥ AR A F718 7PAla wkEHe

(883)

FMUE CRE F1LH 33

2 cycleEHE AR} wleb, every®EE 11”8
3 o] Timerd AHS3hz F2R=g o]g3le] 73
Pt o everyEol Widt FEE WY o)
o} F7tEE HYox 9] SetTimeris AIGA7HE-
AFrE Al AsiEr] )
everyie?] AL vixA] F3pH 2F5H R defualt
timeout handler’} 3&%e} g geje] Algo] )z
b @9 SetTimers everyio] dA3 712 7}
AoR 3 4 uE A AAZE elolrid do}
Sl @& AdAH(reload) A3 timeout handler
o4 cycled 719l |xlollMFE vl At 4 )
=28kt a2, @9 DeleteRung o]-&8lo] every
o] 4% cycled Ready 2lAEeA AAzL @9
ExitCycle-2 thgHoll cycled Aslig o A2¢)x)E
everyi-2] AR e A ok

@42] timeout handler(ET05)+ $2]%(suspend)
cycled AAF7|7F AT A3 Folsld
cyclee] thA] AgE = gI== i,

every+2]

every 200 ms {
D20utData = D1inData /60 + temper,
if ( D20utData > D20utData ) {

|

L4 SetTimer _T0004,200.Defautt TO
Load 3,56 A
Store 4, 12 . ]
Add v

SetTimer T004 T004 ETOS

S
DeleteRun_AutoCycle .,
ExitCycle L4 H S

) e

...... - Ik

ETOS: AddRun AutoCycle
DeleteTimer  T004
ExitCycie

2 8. everyw9] FT A
Fig. 8. Code generation rule of "every” statement.

V. RTL/MCS2| AsiAIZE B4

1. RTL/MCS®| A33A17F 249719

RTL/MCS®] 7+ 24 8480 gk AsAzres
MET(Maximum Execution Time)glz <&
RTL/MCS®  =Z=2oeel gt e Az



34

WCET(Worset Case Execution Time)2] 34]e
E 1ol 73 wom ARk 5= gl

S 1. RTL/MCS®] A3 A7} A4k
Table 1. Execution time computation
technique of RTL/MCS.

T # Al ) AL ZHWCET)
TR T METV 330
i METVZ2HE) + moxt MET then)i, MET elif)i)
whiles™ |\ METY 2 2 8 )+ LoopBounds MET! body -METY % 7 4))
it 4G A7 > MET(body)) then WCET = METbody)
within else WCET = 4% 417}
it Y571 > METtbody)) then WCET = METtbodv)
every else WCET = #4527]
et METVZ A Z)i) > timeout) then WCET= timeout
when else WCET = mad METVZH )i )
condition | METV 27 % +max MET(on exception). MET do2] body))

313 Ao] dd TAEe
Ha)A7e] gel ot e
o} Aash= thenH-E3 hE3lA] ¢lo} As)el= else
HHel AfAE 2 A9 21 Zalsled dee
Al7ke] gl if-e] et Azl Hck while P
27 ARzt BAltbody )] AsiAITEe] &el] ==
e 7E A]AEE A bound) 3 F3H7 whilet
s die] 27 ZARAZRS dgk Zlo] while
o} AlsjA|zle] =}k

o

HE o

2. ifE-o] Ala)x|7kEA]

3 9 ifEe] AR BAI9E Az
WA FAL vaccs o]43dl] Aok Wfolt)

if_statement : if_prefix { tsp++ } statement
{ timeStackltsp ~2] = timeStackltsp -1
+ timeStackltspk tsp -= 2 ki
| if_prefix { tsp++; } statement
ELSE { tsp++ | statement
{ if( imeStackltsp] + timeStackltsp-2)
> timeStackltsp-1] + timeStackltsp -2] )
{ timeStacklisp-3] = timeStack{tspl
+ timeStackltsp -2
I else { timeStacklisp ~ 3} =
timeStackltsp -1] + timeStackltsp —2J;
tsp =
}
I3
IF (" { tsp++: )

if_prefix : bit_expression )’ ;

a8l 9. ifv-9]
Fig. 9. Timing stack generation of

ment.

ARk A

“Uf”  state-

Z2a9Y AF71E AT AARL v E Aolddele) AA 2 7oy

HES 5t

A7k~ EQIEY]) spe] F7he 231004 tem-
plate-2- ~#Hol| pushsh=rlz} il

ifEe] ARt #4948 parsing3dlr] el
stackel A|7FS- AAFs7] 218 template-d 13 109
D=} 7] pushieh o] templateol] ZAHARE ¢l
F o8k FAEY] AYAZRS Al 18]a, thend-
5 parsing3l?] el 28 108] @3 template
2 pusht} o] templatedl then¥-8 ¥AR59] Al3)
AZRE AR VR R else 42 parsing8}7]
Mol 23 109] @3 zro] templated pushsli o}
FE-e] AsA7hE 71Eg)
FHellA 1 109 @e}

templateel] else®
ifi#2] parsinge] v} %

Zo] then¥%9 template™ else?-¥-2] template-d
AW £ & FZAR] templates}t WA 7|29

2 glell e

¥l templateol] tighch

It ria !‘:

28 10, ife] AATE 34131
Fig. 10. Execution timing analysis of "if".

3. 278 A7H Scantime) £-4

RTL/MCS® 2p4%l AA7HAle] =2 ae]e] Al
P54 e A sgmagale] sl )
A7k 2] scantimed ZE1en7} A &g Algk A
el AlsPsaa Balsle] o2

= 7z scan’rﬂ‘)”” ZA]ol] BA3Hactive)® cycle®

H_A
AL

/\ ol o]

o] APAke wF tjdzlel Prl zevl scantime
Q] EAe. 2} cycle-ﬁr ool every, wait, delay,
whens-2] ¥73E°] cycled A8Fd(suspend) el
2 AeolAFl7] wiiel scantimeell <F&FE
cycle?] APA71e- cycletol] glE BE EAlE9] A
s A7ke] ol o] & scanFlel| BAFhEe] A

A= TAEE AXtel] W&ol scantime$-4S- ¢
gk cycle®] AFAIZER o] ¥AES HAZ vylozl
th B iRl AAIEY AlSIX7E Felx] 7}

A AR 7 cycleBR Alxtele] sl AA =



1974 115 EFISEH%

2aaie] e} scantimeo] ®rh wekx o] FHef
scantimeo] =Z27fmr} B3t scantime R}
atomy ANE Sgxe e sinkAle] oA s}
E3HA =k
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{ maxScanTime = timeStackltsp] )
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I
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Fig. 11. Scan time analysis technique.
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Z5 7o g s RTL/MCS?| HAYTERE viehy
et FEer(main) @t cycleER o]Feizx RTL/
MCS-8-82 21308 18] 13049} 2 P22 v
Refol] =k

m&rijﬂ

mag |
( main) : "5k )i P

Status J

prasiaax

Stack

EERLE " { swtc

CEN-

Stack

oraeg

T8 13. RTL/MCS A9 73
Fig. 13. Kernel structure of RTL/MCS.

Class CycleBlock {
char CycleName[MAXIDSIZE];
int nos
int pc, spi
int »status;
int +stack:
CodeBlock+ IB;
public:
CycleBlock(char name);
void Addinstruction(Coder code);
void Execl);
|3
class Cycle {.
CycleBlockx CBSIMAXCYCLET;
int cycleno;
public:
Cyclel);
void LoadCycleName(char+ );
void Addinstruction{Code~ ):
void ExecCycleBlocks();
void PrintCycle);
i

a8 14. Cycle B&9] #5842
Fig. 14. Data structure of Cycle blocks.
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8 14+ RTL/MCSE| cycle®] A& at Aale- 9
gk 27372824 CycleBlock® Cycle #2~& 9]
st} CycleBlock 2k cyvcle- s #A Aalslr)
23 EEH/\O]EL, Cycles CycleBlock3¥elz 3%
ZF cycle g #2] 2 A7) 93-83c) Cycle-
Block®] ##3hel Exects Cycleo] A7IxMAlE A
g3ty 2l gelok a2]lx, Cycled] wWHgal
ExecCycleBlocks+= Cycleol AAsE Q3= Cycle
g]l~eel CBs W2 CycleES Aldslr] 93k o]
& FEE RTL/MCS9| 73 e 2Zeje]e

+=-2Z48(Round Robin) *2jwiyis 7|Boz wul

B (cyclic execution) HEE 7&59)

2. AZHA 2 AlsAst

H =wedlA gk Agart B2 S8 e
ale] AsA7he FAgbEwl TAe]e] oS Algw
B2 e Erh e =2 2AY] AlsiAzk
ArlsAdel «52 =2 oyl AlFd Ay
A7 R =A sl Ane vk a¥ 164
RTL/MCSZ 2Mdxl 2 a=je} A~z 343k
< BolFErh w3 ad 158 cycledl®] B2
o #AAE ehglck

—{J

HeAZE B

Statement Name -> (within 100 ms} in Acycle
Predicted Execution Time: 59.120 ms
Execution Time => 64.354 ms

Statement Name -> (within 120 ms) in Acycle
Predicted Execution Time:: 49.814 ms
Execution Time => 58983 ms

Statement Name -> (every 500 ms) in Beycle
Predicted Execution Time: 38.473 ms

Execution Time => 43215 ms

T3 15, A0 AAL 24

Fig. 15. Execution time analysis of statements.
RTL/MCSZ 2%l a2 a8 2 o Foja]

TH3 EX(target) Al2wlold AW A oS3

A7k vlwdd w oF 10% Wele] exE wgr} o

© Linux7} AR Alxdlen FEE97] wfos

HA 7

HE

Aeict gk L3 AAe] A3 RsHload)E AXE
& 5 sl7) el a7} 7hEAo gl

Cycle Name -> Acycle

Predicted Execution Time for ScanTime
=> 67427 ms

Execution Time for Acycle

=> 71418 ms

Cycle Name -> Beycle

Predicted Execution Time for ScanTime
=> 149.381 ms

Execution Time for Acycle

=> 165808 ms

a3 16. 218 ScanA|7t 4]
Fig. 16. Scan time analysis of programs.
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[e]
SArTE

I3 17, defe] Fx
Fig. 17. Structure of operating software.

T8 18, Loy HolArdv)
Fig. 18. Programmable Lazer Marking Machine.
B 2. AA7IAete) wia
Table 2. Comparsion of Real-Time Languages.
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timing analvsis o i no Vs T
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proof support -
large programming t -+ - -
distributed environ no 3} e o
doviee handing || Ffelleel | Efeleel | oelAREY ool e
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Table 3. Comparison of Control Languages.

LD

low
o)

FBD
> | middle
-2 | viEde]

¢ A

STL
high
B2
delay
HAW

dage

SFC
high
2 S
delay
Hw
i B

-+ - +

RTL/MCS
high
I E
Atz
SW

sl =
ZEal =3

clock
HWw
odoigy | drelauy

a—

dspalel | - [ ] IEE

w3} - -

-+

—+

++ o

AHA et e - -t [ - + +=

S SR SEN S

LS - Logic Symbol 1D - Ladder Diagram, SI. - Statement List

FBD - Function Block Ihagram, STL - Structured Textual
| .anguage

SFC - Sequential Function Chart
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38 Z7|HelA ZEA4Q HA™ VCR & sle—&2E
Hir/QEy =

(An Area-Efficient Reed-Solomon Decoder/Encoder
Architecture for Digital VCRs)

HEE® NERET BT OFRLTT. OEHETT
OEEE T

(Sunghoon Kwon, Dongwook Park, Hyunchul Shin, Jaesun Lee,
Seyong Ro, and Yongtaik Kim)

@] of
p=4 =

B =Rie 82 mywea] Agxel 722 tAd VCR £ =-428 gzn/QaE Akt
3 2o] ar)ek A ARE B 5 ol A2 739 YFH/Q f-ltiL ‘:}%ﬂ} e F /R BRE 2w
t} R4 el:7 (encoding), W3 Al=2 (modified syndrome), ©]#l|e)1* $13 (erasure locator) ThEH2]
S Al Al 7Y 71580l Ry 7% BEE FRelEs THsle] wAE 28R AMSIER
o). B4, Mg HE 72 Wy §FZes odwelE (modified Euclid’'s algorithm) & F3sldo)
AlY Axt Aekgl wpder MAAE cze/zmvle sj@2e] v (1] 7123 A3 dA AR
o} 25 % AL 2L =r|Z FEEgen dIy AA A7te ZeiEglh

Abstract

In this paper, we propose an area—efficient architecture of a Reed-Solomon (RS) decoder/encoder
for digital VCRs. The new architecture of the decoder/encoder targeted to reduce the circuit size and
decoding latency has the following two features. First, area-efficiency has been significantly
improved by sharing a functional block for encoding, modified syndrome computation, and erasure
locator polynomial evaluation. Second, modified Euclid’s algorithm has been implemented by using
a new architecture. Experimental results have showed that the decoder/encoder designed by using
the proposed method has been implemented with 25 % smaller size over straight forward
implementation based on the conventional method [1] and the decoding latency has been reduced.

M2 rors) AA FHol 5] wiiel, A AF A

2"z tjx8 VCR, CD, DATS} 7 D]XlEé Hlvl

g=-$2E (RS) ot Ad o2} (burst er-  2/26]9 Aol de] AbgEcp(® F 45 6l ge
B (low complexity) ¥ high-bit-rate ¢} 2=

* IEER, BRI BT RN -£2E Y3y AA FAe B2 97 983 &
(Dept of Electronics Eng. Hanyang University) opolu}!?)

** &R, LG BT ¥ivlL BHRAT RS Zus A7b 99 wi Ful gddox] vjmd
(Video Research Lab,, LG Electronics Co.) 3} qlzede] shgstet! 7! iRl A7k 3y y]4e
B OE199745H20H, $A495 Q19974108150 A olgl/o]#|e]* (error/erasure) $]%] (locator)

(889)
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2l 7k (evaluator) thEhAE 7w, He] -4

o] (Berlekamp-Massey) <taels!'™ | s39=
(Euclid) 2uelE!h * 0 sad (Matrix) A4

55 ARSI

[1]ellAd= VLSI A7} 4ol8lez Al=Ee
o (systolic array) &5 o83 HojZglel RS
]zl (pipeline RS decoder)E et} 53],
He]ZdA] (multiplexing)3} #REEQ) 714 (recur—
sive technique) s Aoz, e f-F2l= d3
gy 7 FRe z=E Ak [10] €=
A 7] (outer/inner/subcode)®] FEgF HAsHA|
tzdd 4 9l RS d=zo/olzEdE Akt 8
=dlo] =75 Z0)7] $18le] Al=F At B <
FE FR3F ol BAelrh [111el= RS H2
7} Q@ 3Rey AME 4 9lg-g Hod Tk

2 o=Roxe [12] 9] ZEskE o™ VCR 9
A7 Apeke WFAFIEAM H2 F7H 58
RS tlFrl/lzdiel disle] r]&gich 3R] 275
Zol7] ¢J8le] Al 7K MR e 7eE Flshe
715 Bele Ffsled shitel vl B Well st
ok wgk A2E- slede] FRE sl Wy F
o= JarelEg Tkt

A O AolA= A2$ 722 RS v]zc/elzr e

t]zE VCR 9] ozl A dlelxes ZefeE 2

HERED St

= (product code) #Ale] RS F=r| AMS-Fct
Iy E Fol JB I (inner %= row code)
3} o]® Fx (outer X column code) 9] 2-D =i
o Pez PR gage uy dag 2 9
w Ozyeg fawc P e gaRe o 4
A3t AEe s} Hz:e] AAg 79, 2-D
o o] o (row) o e ZE AEES o[HAHE
Age}. o gadeds dlE/olHelHE FEs)
A3k
Aok} t]Zo)/AFH & Galois Fields ¢l GF(256)
ellad Al 7H4] (n, k) RS F= - (85, 77) % =2
=, (14, 9), (149, 138) 9% Z=- & s vz
ga 5 glck ([12] 9 253 X" VCR 4A
Alekad). GE (@) W9) (n, k) RS #=elid n & =
= Aol k = dolg] el 2t = (n - KM t =
[(n -k /2]& = AA TH5e ouigith ol
5 e, ojHo)x E f glx 3 oldleld tEH
22+ f <n - k& WEFs=e o AP A
o] 71gsich

a3 1 & & =l AME RS v/ =z 9
AA 2% ®e] Frh RS fEtl/lzve doli
2l wez AAE FAbEE, ZA ol 2

(Syndrome Computation,

B

ki

Encoder and Poly-
nomial Expansion, Modified Euclid's Algorithm,
Chien Search, Error Correction and Verification)
s} 9% FIFO wizelz #A3%ch 28 1 Wifels
7t Bee) 9] - &3 Alse} v|E vt FAH Qo
iz whell oisle] zhds] AWkl AlFA<l

o oabe (1, 2 6] & xSl WA, 4
olE|ZNE] AEE thEhA

SC)& AR F olHe]
A 9 Ale 2

Alx)et WY A=F
T(x) thAE ARkt o]

(erasure locator)

(modified syndrome)

FIFO (Delay Buffers)

Encoding

= T
Decodingfsyndrome SUx)

Rl

oo
e Qutput 3
Input T o ' 8 bits Decodin
N '?" v, [Computationtgl 4] Encoder Modified [ Bx12 8 Error Z Outpu(g
8 Bits porand alsxiz| Euclid's chien |, (x| Correction 8 bits
Erasure olynomiall Algorithm | 8x12 Search 5 an 7 » Erasure
Encoding 8 bits Expansion[ /5 2| Verification Output
S ACx) w(a) ar(ay 1 bit Erasure
Input >
Sex). T(x) - syndrome and modified syndrome polynomial A(x) : erasure locator polynomial
oiv). w(x): error/erasure evaluator and locator polynomiat
ola).oula Jwia ') used to error/erasure locator and evatutor value ¢, : error value, where i = input order.

a2l 1. oeigl ojHlelHE AAHsr] 918 RS d=RT)/2 I T&
Fig. 1. RS encoder/decoder architecture for both error and erasure correction.
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1i :ILJ}' H|5:aly] wf-Foll shte] shesled

< +FE § ok F ook ARE B
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Hejo|Me] #|ed A7k A olfell ¥ AL WY {F
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Erasure

Encoding 8bi
Input

z Encoding
= Output

Coefficients of S(x) are stored in registers before calculation of modified syndrome.
Switch S is off only if erasure value is 0.

T8 2. l=He} o] #4 A4 42

Fig. 2. Encoder and polynomial expansion computation block.
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Abstract

In general, processing flow of the conventional floating-point multiplication consists of either
multiplication, addition, normalization, and rounding stages, or multiplication, addition, rounding, and
normalization stages. Then, the rounding stage of the conventional floating—point multiplier requires
a high speed adder for increment, increasing the overall execution time and occupyving a large
amount of chip area. A floating-point multiplier performing addition and IEEE rounding in parallel
1s designed by using the carry select adder used in the addition stage and optimizing the operational
flow based on the characteristics of floating point multiplication operation. A hardware model for the
floating point multiplier is proposed and its operational model is algebraically analyzed in this paper.
The proposed floating point multiplier does not require any additional execution time nor any high
speed adder for rounding operation. Thus, performance improvement and cost-effective design can
be achieved by this suggested approach.
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