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Abstract : The IoT-driven large—scaled systems consist of connected things with on—chip
executable embedded software. These light-weighted embedded things have limited hardware
space, especially small size of on—chip flash memory. In addition, on—chip embedded software in
flash memory is not easy to update in runtime to equip with latest services in IoT-driven
applications. It is becoming important to develop light-weighted IoT devices with various
software in the limited on-chip flash memory. The remote instruction execution in cloud via IoT
connectivity enables to provide high performance software execution with unlimited software
instruction in cloud and low-power streaming of instruction execution in IoT edge devices. In
this paper, we propose a Cloud-IoT asymmetric structure for providing high performance
instruction execution in cloud, still low power code executable thing in light-weighted IoT edge
environment using remote instruction execution. We propose a simulated approach to determine
efficient partitioning of software runtime in cloud and IoT edge. We evaluated the instruction
cloudification using remote instruction by determining the execution time by the proposed
structure. The cloud-connected instruction set simulator is newly introduced to emulate the
behavior of the processor. Experimental results of the cloud-IoT connected software execution
using remote instruction showed the feasibility of cloudification of on-chip code flash memory.
The simulation environment for cloud-connected code execution successfully emulates
architectural operations of on-chip flash memory in cloud so that the various software services
in IoT can be accelerated and performed in low—-power by cloudification of remote instruction
execution. The execution time of the program is reduced by 50% and the memory space is
reduced by 24% when the cloud-connected code execution is used.
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Fig. 1 Concept of remote executable instruction

structure

Hte AXeA ZTzag) F3 A 9E5S
= g v st=so] A7) Ak 44

ogE o> I
rlo

AzEe g sidsdr. 94 29 A
Aut AA Agse BES A w2l
AEQ T AAE 47 48 ==7k g8

4 49 sse 44 AYsE ssd s g
= AYE JHAER e Tz g
vmele] Frhe] FoJETE Ak FadAE

A Ay Azdel Hal ABjel 7p&7

oo o rlo o

Executable
Instruction)& ¥ 38}= I 2 YrSo AT w50
2 ZEE C;HX]O ol7|e Ao BEA Hud H F

197 MY Yol 24
a7 A ol e

2% 2019¢9 43 105

Algorithm Matrix multiplication

Set matrix A, xn Bnxn
Mat_mul() begin
fori=0,1, ..,n-1
forj=0,1, ..,n-1
fork=0,1, .., n-1
CLillj] += Ali]lk] = B[k][]]
end
end
end
end

Sy 2. 97 A9 Wols 93 B FAAL oA

Fig. 2 Example of matrix multiplication for remote

execution instruction

Algorithm Matrix remote instruction

Set matrix Ay xp Buxn
Create_client
R_mat_mul(4; xn, Bnxn)
Destroy_client

M
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Fig. 3 Matrix multiplication with remote

instruction in edge device
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Fig. 4 Concept of the instruction set simulator

2. Z2MAM SE AlZ80|E
207 xﬂo}a TEZE A
Zyze AT At
#o] AlEdol¥ (Instruction Set Simulator, ISS)
2 AT ISSE Hhelv e Fuje] =g tto}
HHols st APFozHN e TRAAMNE
zkele R oot SS9 Jide 19 4AF
vebd gtk Eg9-=u HDDSF e Z= A
Foole e %o =T HAAE k. ISSE
JaoA Addsjor & F=E Wolth, W

of2 15% ISSell A 7|A 9 &S st ¢
o AGEHL, AFE e
el PCat Wisle] wel 7]5o]
ot $-E = ISSellA zmert Aed
&)= 1\]7]—4Jr x%ﬂﬂ_,_ 22 27

ﬂd@q 2

w
o

[o

[
[l
a1
rir
ol
T
Lo,
>
E
£
ol
o,
;
Y
NS
N
_\|I_‘
oft
e
L o

Jepd Aele AAE 1552 ool A
a9 Agstel AY Az} 2%
: Teaae 1A

o

Frﬁ_‘&

>
o

o0
-
iy

2
>

foo12 = QY N K IR ¥ ok
> lo (1 to [o rf
o
of.
ol
9,
et
bl
%
_O|L
rie
1141
i
)
P
o,
n,
hop &

,
o X oty
2
e
Q_{(
N
o

1
[
m oy 2 |
w
e
o,
J
>
o
of 12 —E
1 oo %
)
Ml o

1”1_%13I
N
T
2
=R

oo ol o rlr

n
>,
2
){1:1
X,
o
X
e,
i)
2
2,
>

{

1o
’ri]

ol
™

195}
105}
ls
>
o
2
X
19
oX
=
Mo |

o
(-~
)
>
2
= H
A
N
2
go &
N

Moox o O
2]
a2

2 o
s
2 2 2 |

o Mok o

oy

J

od.
oﬁ",z‘
LY
oo
o B o
N =
N
ol =+~
oﬂozi
o
LT

1SSl A
2| }\1 ] el

il

rir
o

M I
u
e
£ o

Instruction set simulator Server
= e
* Decoder ¥ OERHE= RPC
w = T
Tempora| ¥ g 3_ § recerver
c
storage ALU 2 53 l
= =
ﬁ ﬁ ﬁ} = Instruction
| Analyzer | accelerator,
oY 5. 974 BYole] 4w 5

Fig. 5 Execution flow of the remote instruction
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Fig. 6 Remote instruction execution process
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Fig. 7 The gateway model for support remote instruction multi—call
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