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UniPy: A Unified Programming Language for MGC-based loT Systems
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Abstract

The advent of Internet of Things (IoT) makes common nowadays computing environments involving
programming not a single computer but several heterogeneous distributed computers together.
Developing programs separately, one for each computer, increases programmer burden and testing all
the programs become more complex. To address the challenge, this paper proposes an RPC-based
unified programming language, UniPy, for development of MGC (eMbedded, Gateway, and Cloud)
applications in IoT systems configured with popular computers such as Arduino, Raspberry Pi, and
Web-based DB server. UniPy offers programmers a view of classes as locations and a very simple
form of remote procedure call mechanism. Our UniPy compiler automatically splits a UniPy program
into small pieces of the program at different locations supporting the necessary RPC mechanism. An
advantage of UniPy programs is to permit programmers to write local codes the same as for a single
computer requiring no extra knowledge due to having unified programming models, which is very
different from the existing research works such as Fabryq and Ravel. Also, the structure of UniPy
programs allows programmers to test them by directly executing them before splitting, which is a
feature that has never been emphasized yet.
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Fig. 1. Approach of Integrated Language for loT Program
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1. Motivation: Home Monitoring System
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2. UniPy: A Design and Implementation

olAl 94 T4 ZERPO) 7IWF B ZRaHY LS A
okgte}, A RPC Aol #3t o] 28 ARy & HUEH
AHEQTEIL Al 2'lof] ofwlA] #]-8-3k%] drggich

2.1 The RPC Calculus

RPC AXP, ArpcE Cooperet Wadler7} &H4=
24l g} A S e AgE YAE A
F7kste] g3k Ao|tH[10]. g4l gl
(lambda abstraction)°] Y& A Asl= F4&
Aol ATt o] B AT 4 eF A3
o] 9Tt o] AXbEL thlS ¥ T2y
AAIE o o227 722 ARSI o] =i
ARERIE Y Al2Ele] Ao me} $IXE XAt T4
AT = G E A A= m, ACJEelE AHsH=E g, &

F= AUE AReE cB =T BT 49 1 B 9

ot
X

rrore

o
ol

],

o =
kY

oz

N rle o ox N dlo e

M
o

o2,
ol
it

o]

> &
5. o
o§~

xR
i
d

r
jo x



80  Journal of The Korea Society of Computer and Information

FHg 71 BT 5 Uk Fig. 3904 eleld

S ZH= Arped] FE(syntax)¥} o] FEOE AAH
1
[}

Syntax
a,b = m|g]|c locations
L, M, N = LM |V terms
V,W = x| &N values
Semantics
ViV (Value)
b 7 7 Ty
Ll XNa. N MU, W N{W/x} |, V (Beta)

LMV

Fig. 3. The RPC Calculus for Three—tier IoT Systems

gt} ArbHel FE3 o] 8 T E(lambda application)
L M, ¥ x, 34 A (lambda abstraction) A*x.N2] -0
2 22 a9S At s Ao AAE YERE T4 a
£ AAsh= Aek th2rh oA At 22 as HAgste
W (semantics) (Value)9t (Beta) A& o2 Agojsic), 22
I ME 9A adA Ads A VE e AR A
(evaluation judgments)& M|,V Yepdch o] At 244
z3ste] 7 74 12 Aoght) 53] (Beta) 1120] F8.3)
th 3 3 L ME Aashd WA L 5U3 YA aclA] A
Abste] bollAl AaE s Jojg i, M 91A] aollA] ALt
3] W& 42 ths 9141 bellA A A2 WE F 21914} xofl A
getal (N{W/xh) 5 AdchFig. 3.

Arpeoll A= 223 Aes dshs AGe A4 AR
st} dlE B0, A tlolElE RSk AMEARE Gl gk =
292 ut)= Ao A Aes Al o] Arpe ZEL

B2 o dol A gtk

(A™ gtw. gtw (read_sensor ()))
[ (A cld. A?¥ sensor_value. cld sensor_value)
(A° v. store_into_db v) ]

o]AL ot = A, Alo|EYe], e Au]olA A
3 37k g mhA] sl A E ZEaHY o AAE
2AJet g 223 oot}

o] BF ZEIasfldlA det= AAelA  AlFE=
read_sensor() 3= AlA HloJEE ¢lo] W gtw7t 77|
= AolEde] g sEste] Mgttt W gtwe AlOJE
golell A Aayet g (A cld. ..)7F Ak 2 g Aol Eo]
= W cdd7h 7H7IE SEeE 3E SEske] A4 o]
B S A% Ag@ith M4 clds (A v, )7t e o &
S Aol A Al Fsh= stored_into_db F4E E&F
dlojefo]2of o] AlA] dloJElE #7Fghtt.

o] E9 29 oAleA & F %ol 2 FAoA ARG

7Fedt g 2= ARESlE A= T A6 Alsshs &
TE DEshE YL 2 AN Algdhs s s

W A9l vlZeslt), wEkA| Fabryqelth Raveldl|A] Aeket v}
s} o2/ B3 T2y 2dS 93 HER AR Frek
slel QlEjHo] a7} A HedA] S-S & 4 Utk

w =l A RPC AR S AEsto] Albstart sh= &
zeaggdle] AAle) 712 Aol o] doj= A S =
2a3E 7 A 22 ao g BEsle] =g s
S1al o] AP ] #Hukd W[1018 &3tk RPC ARPHS
T ZRagY 2dS A% gE AE [6,7,11]39 Ml
sto] i~ kA3 54o] FAlolnt. spARt RPC Al St
OJANE-AMH Ell 7|k F3F §) Zmaggdole] V| xE AR

2 hil
¥o] Links [5]& w At weba RPC AlRHY

AR 24
o thpet Wrle] FAES AAT ARAHY ALl A
$9 % 994 B9sA gk o] =R AR B =

2ol A9 7|22 RP
ARQIE A 2T 98 A%

EQIEY A= RPC ALPHe 1349 $4(higher-order
function)& AHESHA @47] wiitel], o] 542 Algkgich
AREQIEIYL A|2HlS 913t B3 22 aefyelofo] RPC Al
S Agsle] Fsh] flsl 37k 8 Al EAE HA
aljof i}
B e A S st 5 T2 e Aske AR
g 5 22 awyele] A4
B AEHE2], HTTP, 2730 28 §Al ZRES A4
94 F5 3FS A gshE 9y
B QT = A ZR O] oJHE R} ho] 7t Ao
uiAlE dere] A2"s 18 7

it

The ol A o] A EAES shdsks el s sty
EERE BT

2.2 UniPy: A Unified Programming Language for
loT Applications

UniPyt dto]#®S 3Hsle] whe AMECIE YIS 98 53
2y Qdojr), golHe Mt o] f+= wle-r] H& 7
Z dezl 22 o] F shuol]r] el

UniPy Z2IoH Fg25 Faia Aast X A A

3L

t}, o & Eo] Fig. 4& & RUHF A
23] Fe tholo] 3] oE Ko

A

RUNY
E=)
ot
g
5
<

‘ Location |
—re——
I — T

Arduino | | Raspberry J \ &Ioud |

e e L

[ Myarcino | 1 [ wyciou | [ MyClent

|. MyRaspBerry \

Fig. 4. UniPy Program Class Representing Location



UniPy: A Unified Programming Language for MGC-based IoT Systems 81

UniPy ZZ#9] olFol 7]dk Ht]= 5
S e AyE) A8 Aduno ZAAE Aol
MyArduino 8|25 HEY, o]d iAo 7 ALk K
g zmol whe} 2} S ZEIL AeE $X]
oulE AAISISIEE AFEQIEY Al2=Hlo] & o]4fe] o}
714 T E AR E Agshe e F

=2 A&uko /\Hi% x]_ —:—Lgﬁ/\

[ T T i Y

y,
oX,
wy 4 ok
& O
[ T

ul

M O, o sl
ol
ol
ra
i,

Fig. 5% & BUEH Al2glol|A o A2ke nfodlg Al
A Z5-E ‘f«] e Zdefel i3k Al dlo]ElE RO+ UniPy
2o FAAQ] oF RAFEr) o] AlyEleE 37 &
2|7} #efste] FABkL Q7] Wil 3719 FYaE A E o
=

7 AA o] ZEE FY AAE UepllE FE FHaE 3

we A Fesol 4Y AR g Teadet 4

B3 7 A Fes De I EF) RES THe,

m o] F29 A% G5 mE el gEwe Fe2)
e Aol A, wEe W4T SESE
W3 U mOOR o A% FHE EEU

m gAe] LAl i el AsgeA AlEshe gl
nefe) e SUE N7 glol BU R0 A4E
) A

m U2 g2 Dol Ao 97 45 DmQLE 5F
gt} o] Wy wix] AR T2 Ty AdojoA] S
2 ol o 7 A WMNEE T3 A FAkEI

ezl

ol

5 E9, Fig
readDoorSensor()E  ©] Ax|oA AdPsteE A
digitalReadO& o}Fo]e SGAANA Agsl= XH golB
elg] g=rolw, MyRaspberry.reqSendO+= 2hz2ulg] sto] 7]
Wk Alo]Egololx] AaEt s AGe 94 3 SEolth

Fig. 5¢] oA T2 1L o}Fol LA A oA A 78T,
o] YA AFF setup) T4 BEAT o] P
ool 9} gt=2HE] dolE AZsE Al

= = O
I F7)A0E loop() TFE TE8te] ol FHrg AlA

594 MyArduino

ol
B g 2ol Ak gl el ool e = A
g\_%LQ o] AlA "lo|HE o1, &3] Adold ‘'S I

ol ‘o'& =g o] 7|uk
MyRaSpberry reqSend() & ©
Aol H2tg FhetE EaE 2 el
& g MyCloud. recordDoorState() e SEFA 2T
= Aol AlA dloje e} ARRlE Hujar Ho} A o]
Aol #7ggict.

class MyArduino(Arduino):
_int_doorPin = 2
_int_preState = LOW
_int_postState = LOW

def _void_setup():
pinMode(doorPin, INPUT)

def _void_loop():
readDoorSensor()

def _void_read_DoorSensor():
postState = digitalRead(doorPin)
if postState==HIGH and preState==LOW:
MyRaspberry.reqSend(‘c’) # close
preState = postState
if postState==LOW and preState==HIGH:
MyRaspberry.reqSend(‘o’) # open
preState = postState

class MyRaspberry(Raspberry):

def reqSend(val):
if val== ‘¢’ or val =='0":
pic_bin = takePhoto()
MyCloud.recordDoorState(val, pic_bin)

class MyCloud(Cloud):

def recordDoorState(openclose, pic_bin):
pic_loc = save_picture(pic_bin)
time = getTime()

# insert into

# doorStateTable

# (col_openclose, col_pic_loc, col_time)

# values (openclose, pic_loc, time)

Fig. 5. Example of Integrated Program Collecting Magnetic
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From To Protocol

Arduino Raspberry Serial

Raspberry Arduino Serial

Raspberry Cloud HTTP

Client Cloud HTTP

Cloud Client HTTP

Client Raspberry Socket
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$ unipyc doorSensorCollection.py
—MyArduino:MyRaspberry
:Serial:baudrate=9600
—MyRaspberry:MyCloud
‘Http:ipaddr=192.168.0.123

webA] UniPy Zutdefollx] o] gxjeln A3 94 s =
& off vloJg] Falell Bagk Sl eojneeE 7 4] HE

I = Qlrk 282 Dol 94 3 D m0S $3F8h= 4,

m o]

/11 MyArduino.ino ////1111111111111111111111111111111111111
int doorPin = 2

int preState = LOW;

int postState = LOW;

void setup() {

Serial.begin(9600);

pinMode(doorPin, INPUT);

void loop() {
readDoorSensor();
}
void readDoorSensor() {
postState = digitalRead(doorPin);
if (postState==HIGH && preState==LOW) {
Serial.printin(3);
Serial.printin(99); /* ‘c’ */
preState = postState;
}
if (postState==LOW && preStaet==HIGH) {
Serial.printin(3);
Serial.printin(111); /* ‘o’ */
preState = postState;
}
}
/11 MyCloud.py ///11111111111111111111111111111111111111111
def _dispatch():
funid = getCgiField(‘_funid’)
if (funid == 4):
recordDoorState()
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E
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/11 MyRaspberry.py ////1111111111111111111111111111111111
url = ‘http://192.168.0.123/common.php’
ser = Serial()

def _dispatch():
_funid = ser.read(1)
if (_funid == 3)
regSend()
def regSend():
val = ser.read(1)
if (val == 99): /* ‘¢’ */
pic_bin = takeAPhoto()
reg.request(‘POST’, url,
data={"_ARGSPRG’ : ‘MyCloud.py’,
_funid’ 47,
‘_ARGSO’ : ¢,
‘_ARGS1’ : pic_bin})
if (val == 111): /* ‘0’ */
pic_bin = takeAPhoto()
req.request(‘POST’, url,
data={"_ARGSPRG’ : 'MyCloud.py’,

_funid’ ‘47,
‘_ARGSO’ : ‘o',
‘_ARGS1’ : pic_bin})

/1] MyCloudy.py (Cont.) ////111111111111111111111111111]
def recordDoorState():

openclose = getCgiField('_ARGS0’)

pic_bin = getCgiField('_ARGS1’)

d_pic_loc = save_picture(pic_bin)

insert into
doorStateTable(d_openclose, d_pic_loc)
values (openclose, d_pic_loc)

FH Ik ¥ HF

Fig. 6. Automatically Generated Programs From the UniPy Program Example
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V. Conclusions
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