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Metabolic Computing Model for Recyclable
Systems

Minoru Uehara'

In this paper, we propose metabolic computing model in order to realize sustainable
information system. We think that metabolic computing model has high fault tolerance
and sustainability. We also propose a realistic architecture of metabolic computing
model. Metaboloid is a processing unit in this architecture. A set of metaboloid is
organized as mesh connected NORMA. However, their network may be changed because
of metabolism. Therefore, metaboloid have to realize homeostasis in order to manage
running tasks. Especially, in this paper, we propose two algorithms, bubbling and
drifting.
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Metaboloid(x,y) repeats the following round:

par begin
run CS(x.y);
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end
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Figure 4 Examples of bubbling
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Initial Metaboloid:

Metaboloid(x,y) sends probe(x,y) to north

wait for receiving reply r

if ris ok(x,y) {send bubble(x,y) to north; halt;}
else error(“cannot bubble™)

Other Metaboloid:

receive a message m

if m is bubble(x,y) start bubble

if mis probe(x,y)
if no task {send ok(x,y) to south;}
else if no north {send ng(x,y) to south;}
else forward m to north

if mis ok(x,y) or ng(x,y) forward m to south
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Figure 5 Drifting and Bubbling
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Initial Metaboloid:
Metaboloid(x,y) sends PB(x,y) to north
wait for receiving reply r
if ris OK(x,y) {send B(x,y) to north; halt;}
else error(“cannot bubble”)

Other Metaboloid:
receive a message m
if m is B(x,y) start bubble

— 49 —

if mis D(x,y) start drift
if mis PB(x,y)
if no task {send OK(x,y) to south;}
else if no north {send NG(x,y) to south;}
else forward m to north
if mis PD(x,y)
if no task {send ok(x,y) to west;}
else if no east {send ng(x,y) to west;}
else forward m to east
if m is OK(x,y) forward m to south
if m is ok(x,y) or ng(x,y) forward m to west
if mis NG(x,y)
send PD(x,y) to east
wait for receiving reply r
if ris ok(x,y) {send D(x,y) to east; wait for drifted; send OK(x,y) to south}
else forward m to south

top north
bubble shift
up down
bottom south

fail success
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Figure 5 Race between drifting and bubbling

ML TIIAELTMDOHB~O R 7 M aBR LR, FENICITEANTICS R



23 10

T hTLZEEARETHDL, LrL, TOHE, BEQRERLER RY 7 FRRAET
LA B B,

NTLERY T MIWATIZABE I N T2 OBENE LD ERH D, 6 IZHEG D
BT X6 DRI T2H BB LINE LV IRIABEEHRD D ERKT D EBH D,
B EAT 28BS KU 7 R &4, 2 5D ST ARITOR TV AL, LFIOARTE R Y
7 MEEROT D ENHRTICRRT D, Z0 XD A X2 RBUERDO D)
DAFEMEZ G E LR, £ 2T, A7 L0#E) Metaboloid 1%, 713U X AN KK %
BLTHLELLfFo THbHERAD, ZhiL CSMAICD & FEDHE 2 ITHES<,

7. BEHR

REFFREET VP RET T VIEA 20, BB RE(LT S L0 ) BEERICE D
T CMU @ claytronics?, Xerox PARC @ digital clay 72 & @ E CHLA T AT L & b
45 Z LN TE S, Claytronics 1% Catom & W\ 9 ki3 REEBNRIIC IR BB 5 2 &
TEDEIRBROMIKLERBT L2 LA HEL T 5%, Catom (THAICEE) L,
REMICHAER AT 5, HaxRRERRINTHWDR, BURCTIEFEM L EDDIdH
F /NS 72 Catom 2 EBLTHZ L IZE#ETH 5, Digital clay 1%/ 72 modular robot
THY, BEEEINILRWAEWISHES TE 5, BN LEERZEHNTH D7D, /h
S 72 modular robot & FAERHRETH 5, Fox OHFFEE T /L b B 72 B 1352 B
HCTH 5 7= digital clay 1230V, L L, EICEHE2= v &2 LT D AN K&
SED,

F7-. ZH B BEAIZE L FEREIC Metaboloid & J7 () & OVERE 2 B SERYICHIET 5, L
7> L. Metaboloid o 2 Yk TEJEFE 1T digital clay @ 3 RIT L VW HHITH D, & 52, BUE
MDA D PQIZE-oTHAOLNLABERD, ZNHITENYNREHEOHEE VI E
BRCIIRTFITH BN, EA EOBKRTITERENTH S, 8% L LT Metaboloid B &
WYy R EHR ST BB N0, ALBICT VI ) RLANEHC D, F
7oy WO BB H A OBE&IZ A2,

R REET VITEMUZHF L ZTBRET 5, 20X D 2\EEET V& HEEE
ETIINEV S, FEAEGE T T VIR HIO A BRICKRBLTX 5, EfliaiEE T
JUIEIERAE FTREBARE 2 2488 0 £ THE/s L 7= Ad-hoc node £ 7213@1E 7V 2 5 o 7 & o
TIEAREBHICRE Lz BSPI L AAE D, ZHOLDOFEEN O RIEITELS Mmbh
THEY ., RRFIEE ATEEMZIRE L TH 20— Tk bRy, Lo T, REEH
ETIOE N RHEET VLD 2 5, RBEEEET LTIk, MR REBEIRL—
T4 T TCERT D, =T 7 IIRESE RO Cut-Through(CT) % v MU
— 27 @ Store-and-Forward(SF) 2 ERH B, BEDOLEE. TOT NI Y X AL P2P,
MANET 72 & DRFFERR NS TE 2,

HARR 2 REEH I o s S0 R OTEBRESND, 757 RERTIE, FHEER
BT =2 —ICENINDLTD, B FBREY, 7T 0 FE L TORBER
T VT laaS M TH D, Lo L., Amazon Web Services(AWS)D L 5 (2R L S =il
M PC Zi#HtT 50 TIER<, L0/ ERfE~ o 2iMt+ 5, —>0D Metaboloid
X ODERE~ 2 FD, PS & CSITHMEN D, PS & CSIEaTadAT 5, 72
B, X2 1ZIEBHR LTV R0 Metaboloid OS @ kernel Z##4 22 7 A 2 b b M
Thb, ZOLIBRFRIFRES T FEEEN5, &7 57 FTE, 0S oftb
VICHERASHORE~Y Y Vv ERAWD R~ v & LTEBEDOEZ WV IVM BEA SN
ZENZ,

F7- B R R A TR R L X —CHEE Sh b, a1 KBOETREPY)
CEB7Y v ROBEAZEIT-72 " R#MFHHRET VO L 5 72/ CPU O 5 23 A AT HE
IRAF—COEHIZEL TWD,

8. F&E®H

AL T, HAEEY AT A ERATHIEO0HREET VE L TREFIEET L
ZREL, TOEBRAEEICOVTHRF Lz, #FIFERPTHIN, REFHEET LD
FEHMEITE WV, KFSCTIEEL LT Metaboloid DESREIZ DWW TELE LT-2, 4%I13%
O OERERIZONTHHEBAEEEEZ R T HILERD D,

& Xk

1) CMU: Claytronics, http://www.cs.cmu.edu/~claytronics/

2) Sam Homans: Digital Clay,
http://www2.parc.com/spl/projects/modrobots/lattice/digitalclay/index.html

3) L £&, BT EEME "HEMEREET LV BB AT LD OFHEE T ", WOOC'90,
AARY 7 by =7 R4, p.ll, (1990.3)

4) RepRap, Wikipedia

5) Narain H. Gehani: "Broadcast Sequential Processes(BSP)", IEEE Transactions on Software
Engineering, Vol.SE-10, No.4, pp.343-351, July 1994

6) P. Mell, T. Grance “The NIST Definition of Cloud Computing” NIST Special Publication
800-145(draft), (2011)

7) Kenichi Fujii, Motoi Yamagiwa, Minoru Uehara: "Proposal for Solar Powered Grid Based on Reused
PCs", In Proceedings of 7th International Symposium on Frontiers in Networking with
Applications(FINA2011) in conjunction with 2011 25th IEEE International Conference on Advanced
Information Networking and Applications (AINA2011), pp.375-380, (Biopolis, Singapore, 2011.3.22-25)





