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Apply Incremental Computation to
Line-oriented Commands/Pipelines

Abstract: This paper proposes a command “incrementalize”, which applies incremental computation to line-
oriented commands/pipelines in shell script. Line-oriented commands/pipelines refer to that their outputs
are determined by their inputs, and their final outputs are the same as the outputs with the non-divided
inputs even if commands/pipelines are given divided inputs. Such commands/pipelines can output data
without re-calculation by caching previous outputs, which are corresponding to specific inputs, when they
get the same inputs as before. For their commands/pipelines, “incrementalize” searches and read caches
on re-execution, and caches their outputs for new inputs automatically. Using the proposed command, we
can improve the execution time of their commands/pipelines by applying incremental computation, which
calculates only yet non-calculated new inputs. And we evaluate the efficiency of this proposition through
experiments.
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Table 1 Classes of parallerizabilities for each command
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R 2 FHEEBTETTZ2a~r F/avy R4 Y RUEXRTF—&
Table 2 Command/pipeline and their metadata

for evaluation experiments

No. | a~w¥ F/a<xY R | Z740% A4 X (N T8
74 A1)
1. sed ’s /["[: alnum 1075953000 5114500
N Je
grep ’[opq]’ 1091209300 8233600
tr 7’ ’n’ | grep 1073778000 2334300
4. tr —c ’[a—z|[A—Z 1073747200 31580800
I"’n’ | grep [A—
Z)’ | sed 1d | sed
1d | sed 2d | sed
3d | sed 5d | tr
—c '[A-Z] n’ |
tr —d 'n’
® 3 EBRRE

Table 3 The environment for experiments

AMI 4 X =¥ Ubuntu 22.04
AVRARVRARAL T mo6i.xlarge
vCPU 4
XEY 16 (GiB)
EBS 50GB (SSD)

bash D FHIFETH % time ZHH L CEHAIL 7. WUERFR
i, &EMFBLTEhAEN 10 BFEHElZITY, 2060
T Uiz, JUERFEZEHH5 % incrementalize DSE1TH(
12, OSDT 4 2 7F vy a%ZBRLTEE, 742
7% v vy aDFEOEEIC X 2B OISO X2
U7z, F7z, WK ZEHAIS % incrementalize DfEHE
& /dev/mull IZV X4 L2 b LTHEEEL, HiJ7% R
TEILR Lo THRAETEA— =~y FEHRL 7.

R21C, FTLa~w Y R/ RLTI3A4 Ve ZDANT 7
ANDRART=RERT. N7 740, FFEDT7 74
NEWLDOBEIET 2 2 Ick > TIERNENT WS, ZD
JeD AN 7 7 AVORNEZE, FRONELREDIRUHET
2ZLICEETS. Zho0avry R/ R4 TT74 %2
DANNZ, PaSH 2SFHlCEMR L DD —HTHY, %
N ZAREBRICAT T HHBELLZD DTHS. B, £
N DA<y K4 T 54 2O NT RO EEE
Toledl, 2055, MBREHFEELITOHRKAY FTH
% sed, MBDAEITHOHKLa<Y N TH 5 grep, B8
4774y, RosAt T 54 vezhehRENZHle L
TAFTHRD L.

6.2 RERIRIE

EKEERBEY LT, Amazon EC2 2 L 7= (RAEERE %
Wiz, MR R 3 I1TRT.
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6.3 RERER
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2.7 %05 6.8 fHICEHEILLTWVWE. — /4T, —EiCFx vy
22T BTE 216 DL EOSE ORI, Frvia
PEET 25, BEIATL B L TB L2 0.7f51ck >
TWb., ZOZerbbhb Lo, —EBilFyvdad
ZATENCD K 203, Blza~y NEERHRTH->TH,
HoftEZHEAT 2 2 e CUERM L SEbTE S22k
HERR T & /2. —T, grep A~ FOBEKETEMNRE L
T incrementalize 12 & - CTHDEHEZEA L7258 DFET
B ZRLZE 2020005 X512, avy RickoTik
HoFtEOBAIC & D URR 2 RSB 255035
5Zbhrs.

F7z, BWosg 774 U ERMFITL T incrementalize I1C
Ko THDIHEZEH L 58 0FTREZE 3 1IR7.
WO —EICF v v ¥ 2 F 217 D5E ONHIH B
WT, FxvyahPNFETIHEAI, BHEETHEL
THEIZ 12415 3.1 fFicEElbLTws. —4T, &
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applied incremental computation

WA T 54 RN LT incrementalize 12 & o TH)
FHEZEA LS E0FETREZ R LR 4 02 6bb 3
£512, koa~vy REKOBE L, <4774 12
o T AFTEDBEA I & b I LR R R X E 3
BERHLehnbrb.

Z D & 51T, incrementalize I& Stateless (XN 5 2
Y ER/RATTA T DOWT, BT LD Z OB %
METE2 L3RR e bhb.

BHEETE F v v ¥ 2 2FE LR WS ORI % Lt
RT3y, BEFTVIEECEHRTHo/zgrep A~ FO
HUKFEITE NG L LT incrementalize 12 & » T FE %
WA LZSBEZRIE, —Eicxry vy 232780 X
203, F v v T a BFAE LR WS O UL A8 # 51T
DOFETHRH  FFEDL, ZhED S EHTHZ bbb,
Z D7z, incrementalize IZX > TF v v > a BRI N
LIRS DA —N—~y NP E X 58S,
HLUTHMERWVEETHIEEZONS. DL X,
¥ v v ¥ 2 FEE LR WIS O NI R A58 & 54T D 54T
LD ERTHI2HE0H 5. ZhIFIZFry v a
DFLE LR WIRFET incrementalize 2T L TWie2 LT
b, ZOETORPICERINLF v v > 22RO UM
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WKBWTHHEA 2o BEbh s, gido k51, Z
DEEBICBIIZ A7 7 4 LONEER, BEONEE WL
OHDIRLERET S I Ic ko THEEATHE. 20
72, TOXIBEARPFEETAEEEIIHDZEE X
bhb.

¥ ¥ v adMFET 256 & LRWIGE QLR %
B32e, BEDIZO PUHKENPEERTH 2550 D
5. X, FrvraDFAHLOA—N—~v FD,
Fyro DA —N—~Ay R& EAloTWansEe &
birs.

—FIZF v v P a T RTRCERT 2, SHEORERT
FITLEWThDavwy K/ R4 T 74 Y i2BVTH, —
W v v ¥ 2§ 27807 0IE S HSILIRIR R AT s3I
BAMEENZH B Zehbhrd. BEOFy v ak Nz
UHAFATE20%2E2%, —Eilxyv>ad 3178
MEDARNNZE, 2FEDFr v adBL DML VIES D
wHaED LWV, flZE, 10000 T2 ICF v v > a2 BERT
2H,E L 1000728 IF vy vy 22BN T 2582 E R
5. B3F v v 2 lZOWTEIIHIET 2 ANH 11772
DEBEINGS, MEOHBETHIUL, H S 10000 1757
DA T BHIDF ¥ v apFHAHIAZNI 2
RBH, BRBEOLE, HMICEZ 3, 1000 79053
ANTHET 2 H D F v v ¥ adBERH IRV I
BB, FED D 9000 fTDANICOVWTIE, ZHITHNIGT
ZHNIDF ¥y v a2 H{AHT 2 DARETH S. Lo
T, incrementalize 12 & - CEH XN 2 HFEICBNT
i, ZFONMIFEOHETD Fv v ¥ 2 OEMHADOHEHIZBEWL
TH, ~EBIZx vy v ¥ a2 ZNBTHBPHWVIED DX VIE
FIZHDBEERDBIENODS.

7. FEAEHATRE

POSH 13, A THMH L= PaSH LAk, a~<>Y R
W 2HEAAREFA T2 28T =L R 27 Y 7 DI
HHERA LEXEE 7L -7 =2 TH5 [10]. KX T
W DEIE %, PaSH TV Z#EH LA, 2565
Bz VR 7 )T FOERTRIICBITS2 Ay P 7 =27 X b
L= \D7 7R TRETEZXYy V=210 %
TEZFZTHIRT 2 7-512, M%) E— FDERZ MTH
LTHETRZ LT, Yo LRZ Y 7 FOFETHEEZM L
XE5.

8. HHHIC

Y VAZ Y T MBI AITRARa~ Y K/ 84 F54
VICHEETERHEH T 52~ R TH 5 incrementalize %
FKELZ T, FEEHZTVOpDa~v Y R /4T
74 EMF Y LT incrementalize #EITL, ZHUI L -
THEA SN BHEOHENa~ Y ¥ /84 754 > DB
MZEEH(LTE 2025 L7=. Z DR, incrementalize
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WFavw Yy K/ 4 774 OB ZS#EbTE3 28
Boholeh, —HATEBELTERVaA~YY R/ 475
AVPRETR I dbho 7.

GBI, EDZBLDavy ReXf T4 v EMNRE L
T incrementalize % #HH UHREFEMI 21T 5. 7, SEINE
BEATMTEA TR RS EROANTHRAD X » v > v T
WX BEFHiZ T o 7223, XA hWiTRTOF Yy v
FEDMRERHATI 21T 5. ZDIEDH, FEFRIZ incrementalize &
PaSH Z#lAERT, a~> K/ %4 FF7 4 YEAZ TR
¥z VA2 ) 7 bR LU TEDFEZERTE S &
12T 5.
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