Improving Energy Consumption of Java Programming Language

Mohit Kumar, Youhuizi Li, Weisong Shi
obile and nternet ys ems Laboratory, Wayne State University

Introduction Energy Consumption Traits Energy Consumption Traits Java Command-line Options

“* Information and Communications < Variables = int is the most energy efficient iteration “* Oracle JDK is more energy efficient

Technology(ICT) systems = int is the most efficient primitive data variable in a loop than Open JDK (9%)
" Consume 10% of world energy type = Method termination expression consumes

2 . @ 9
0 i higher ener N IEE I
) 3 % g 53 =Z 3 3o
= 3% of overall carbon footprint _ g gy :
=~ byte float P e . @8 &
C— = R n o
S w0 - //, short double = 5% 88
H — -~ =
— int — char o~ o o3
& O N long - 0 int o ] | 2 3
L X 4 2o — . o In Il Variable
= =) N lon — sle Isla alo ol o
¢ = v- b g = = Method B 3 8 2l g ] B L sl &8 < B E s i R RIS ] B 1 E ] B g8 ] 2l
— p= double pg?s ] B 25 =1 I B 303 afs 218 22 gl g ] B =] B 22 N NI ] A S 3 13
— k=] o~ | Qr& RN ] B3 =Y B S8 ] k5 SER S ] B S B S8 SER S~ QLA RS SIS g B
u | wn — - oy — m ~NE o~
efficiency =" 7 : - : 010 000000100 0 0
1 3 =]
- D © - Q]
(i AN — E 4 Q 5 § a & & & < & S o " N < > ¢ Sl Nat s &
u ) /] Q o O & (O (O & < & = = K Ko 5 K o <& & <0
OoC atin 5 £ 5 > s & & s s & &
w s Ef N G- ger nEe | € | =rnomen|| = Laptopopen|| mien-orace || = Laptop-oraci
u 1
m 271N
o - VAR e | | | i 1 S- —
| | | | |

1e1 1e3 1e6 1€9 2e9

terations le1 1;,-3 | ués 1e7 7 . = o=
= Dynamic V0|tage/frequency Sca"ng Te1 1es oo 189 2e9 ! lterations % USGG1 GC 1S the most energy eff|C|ent

DVFS = Static variables consume up to 17,700% . _ command-line option (14%)
(DVFS) more energy » Exceptions

\/ . g 3
* ICT systems software energy i : : = Try-catch block scope can change how it
¢ = Scientific notation results in lower L N I
iCi : : consume energy 1
efficiency energy consumption of decimal
] ] | ] o _ wy _ % g
= still in infancy stage........ numbers e ! Erceptionintoop . L Ecepion Ui Loop ds Lsls Lals lale lals Ll Bele Lele Ll Lsls L lels ble B Ll fele Ll
2a =& el B 815 afla ol o > B S| s ™~ B 4 B ol s g o SER o =1 B H ] ES Si3 N B
o © — 5 — é S S A& 2 a S s B 4 BS R SN al s =4 B §§ SR RN m b B SR =4 B
g s | BEIE RorSekun = AR 000000 T I |
Background - ! R B : SRR R A e R A e e e i it o
o — o _] S & N N ' ~ S ~ () ~ K Rs RS
%—g N ‘g_‘f ] ; %E - %‘_ — (JO'@QQ& (_’cg.*q&oy- (Jq:\Q‘\OIQ‘ o‘?\(,'g(& 0‘8‘ Q‘Sc&vog Q«"f"@v \}3"’;&& s ‘QQ" 5}& cpo}?g‘ ‘_JQQ"‘}S& ququy?% q‘&-"%‘?@v %("Q- ‘7\5‘{40 135,5\‘;‘0% 5 QQQQ
a0 0 ¢y — W = o T — & = > ) _ﬁ\‘ RS
‘ - - - g = {% E Lﬁ w0 Lﬁ m ; <& M UseG1GC - IFN - Oracle ® UseG1GC-Laptop-Oracle | | m Server-IFN -Oracle Server-Laptop-Oracle
< _| - = —
“* Running Average Power Limit (RAPL) i A i} S R
58— wm 5 - % % 1e1 1e3 Itergi%ns 1e9 2e9 el 1€e3 Ilerl'ﬁ%ns 1€9 2€9
S~ | I | == | | I = =

% System 2 String Java Energy Profiler & Optimizer

** Operators . :
< Intel Foa Node (IEN ) , _ = StringBuilder append method consumes up
9 ( ) Modulus arithmetic operator consumes to 1,48,069% lower energy

* |ntel Fog Node to 1.620° .
= Laptop P 1o ’_6 0% more energy = String compareTo method consumes up to

** Provide suggestions for optimizing
active energy

200

- S Eclipse » Fri 15:07
=~ Add m
= s Subtract 33 0/0 0 re en e rgy runtime-EclipseApplication(1) - Test/src/Test.java - Eclipse SDK
“’ t ""‘g’% | & |\D/]i(d|i1é:illg|y File Edit Source Refactor Navigate Search Project Run Window Help
<~ ~ ry b \ - " - A .
et {Fva(‘va &]'Gvu../v‘ﬁff)’, (;uﬂ®v\s\'{v¢, vt w -
4 S e U p i Modulo < Concatenation Operator §_ ‘ :
% o O I ggﬂ]%aémgg}Od 1= Il strequals() '+ Package Explorer 2 -8 & Y= 0 || [ Test.java &8 ==
NS c o . S - = str.compareTo() vy 1
= CPU governor - powersave mode = 4 e e T etemtbroy ey ] 2 bl class Test
2 " 28 = ystem Library [JavaSE-1.8] :
= - 7 Eo v @ src public static void main(String args[]) {
= Linux perf tool S ; 2 - T
> oS » B Test.java JI|& - R e
- LICJ gm Eg_ r AT J] ' int and long are the most energy efficient data type. Replace byte if you can.
c ]
= Multithread parallel garbage collector ; / e }
. . . . e~ | | | r ©- T T T l S }
- - 1e1 1e3 1e4 1€5 - ! ! 12
= Just-in-time(JIT) compilation fef fe3 le4 fe5 S i ST e e s

| = Putting most common cases can save up . :
** ldle energy consumption to 87% energy * Objects

& » Increment, and decrement operators . Wrappe_r classes object are more energy Conclusion
2 consume same energy e:penswe N < Analyze energy consumption of Java
57 s " e > R programming language and command-
8" M | ‘ | | ‘ ‘ 80 :; post ecromen ge- ; S line options
R S IR L TE a Z‘“: F §Hl F” * Implemented Eclipse plugin to help
A A S e e e, e o e e e o software developers write energy

Iterations

Key Contributions < Control Statements “* Arrays efficient code Iin Java

o : : = Ternary operator consume up to 37% » System.arraycopy() is the most energy
« Energy cor_lsumptlon analysis of Java more energy efficient way to copy Arrays Contacts and acknowledgement
programming language

= for, while and do-while loop statements = Two-dimensional Array column traversal
I 0
consume same energy result in up to 793% more energy

< Email: mohitkumar@wayne.edu
weisong@wayne.edu

**» Energy consumption analysis of Java

command-line op tions 5— 1 Condiona gﬂ_ L g 32: ; géﬁ%?ﬂlin%wpm 5: L tmn Traversa 2 Website: hﬂ"p://mlst. cS.wayne. eadu/
i X o % This work is supported in part by US
O 2 N g = 3 n . .
« Java Energy Profiler & Optimizer E % dfl National Science Foundation grant
8 o - # = = o

e TR . = T CNS-1561216
J E PO 1e1 1e3 1e6 1e9 2e9 el 1e3 1e6 1e9 2e9 1e1 1e3 15 1e7 1e1 12 1e3 1ed -
lterations Iterations

Array Length Iterations



mailto:lu.sidi@wayne.edu
mailto:weisong@wayne.edu
http://mist.cs.wayne.edu/

