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Implementation of Runtime Environments of C and Elixir with the
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Node Programming Model

Abstract: Node.js has the Node programming model, which is a non-preemptive multi-tasking mechanism
that processes I/O asynchronously using callbacks. Thus, it improves maximum concurrent sessions and
latency of web servers because it requires few memory. We implement it in Ct* and Elixir. We call the
implementation in Ct+ and Elixir Zackernel and light-weight callback threads (LCTSs), respectively. We
assume that Zackernel will be used as a kernel in an extremely small and power-saving IoT system such as an
RFID-based IoT, and that LCTs will be used as a cloud server. Zackernel is implemented using anonymous
functions, which has been adopted by Ct+ 11, by the principle that the dispatch method calls back the next
process function, with reading from the scheduler queue. LCTs is realized by the priciple that implements
the scheduler queue as a function list and call back the next process function after running the function
of the head of the queue. We examine and evaluate the consumption of memory a per process or thread
of these and the traditional processes and threadsl. Thus, Zackernel, LCTs, Elixir processes and Ct++ 11
threads consume 204 bytes, 1332 bytes, 2835bytes and 546KB a per thread or process, respectively. We will
implement an inter-process communication mechanism, apply it a benchmark, and evaluate performance of
it.

Keywords: Elixir, C**, Node.js, multi-tasking
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1. ELC®IC

Node.js Tk, a—LNv 7 ZHWTI1/0 %IERYIHIZ
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const http = require(’http’);

const hostname = ’127.0.0.1°;
const port = 3000;

const server = http.createServer((req, res) => {
res.statusCode = 200;
res.setHeader (’Content-Type’, ’text/plain’);
res.end(’Hello World\n’);

B;

server.listen(port, hostname, () => {
console.log(
’Server running at http://${hostname}:${port}/’
)3

b;
1 Node.js ®a— K
Fig. 1 A Sample Code of Node.js
RS, 2OV T —N—DTu I LEFETLTY

772 7% T http://localhost:3000 (27 7 AT 5L
Hello World ¥ ERENS. ZDVU x 7H —N—1ZHHEN
HBTLiZ, TEOa—nNy ZEBBRIECHE XN S D,
ZOBRIZAL Y REERLUTAR Y JHEIB2HERT 5 L5
mZ eI U,

(req, res) => {
res.statusCode = 200;
res.setHeader (’Content-Type’, ’text/plain’);

res.end(’Hello World\n’);

a—)uNy ZBEIE, oo LS ICEREKRE LTE
£FITDHILHTELRD, TRTI3L0DXY Yy KPEBD
HIZRlETE 5. 2070, UHEORENESMTH I L
{Turo307CcE5.

TI—)LNy ZEBOIFH UL, BEDAY v KPEBD
metﬁ%f%é.btﬁof,zﬁy7X%U®;5
RIKKIE ATV HEIRAHEET 52 &<, oIz
W Zencss.

3. Zackernel

H 4k Node 705 IVvIETIV 5| TERERT,
CH THEELZ, 3Ny JEBERAVTILFRAY
WMEZ$ 55475 THb Zackernel ZEAFE L 7-*L. [E
1‘%@%@ Z libevent [4] 2’% %743, Zackernel |& Ct+ 11 T

BASHWEABEBEZAVD Z ETHlHEEZEEL TV 5.

Zackernel DWNEREKIZDWTEHIIHT 5 [8]. Zackernel D
Schedule 7 7 Al —)b Ny 7§ 5% % &R L, Sched-
ule AT 24U A MEETDRWT WA, Zackernel D
Zackernel 7 7 Al Schedule D F 2 —Z £ 5. b

*1

Zackernel: an Engine for IoT, available at https://github.
com/zackernel/zackernel
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RAY CTIHE U2 Ik U TR T R ERLNITR - T
W3 EHIELRIGE, TORAI2FETTS. BETARE
AN > TR WEAIZIZ DO TAYIZ R ) — ST 5,

ZOESIN—TeA)-TeRETELET, /T
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7-LED T®» 5% &9 5. main B#TIL, Zackernel % ]
fbU7=d &, Zackernel 23T 5 fork (2 & - T, B
blinkLedl & blinkLed2 % fifTiZWEONHIT .

blinkLedl 1D zLoop i%, FIBUTIEE T N7z (E4) B
AMBL—7XE5. [&] {} Lo aldid o 11 TRt
INBELEBTH Y, IMIOBEDARTZEM%Z 5] EHEw
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2FEFTAHZETLEDL 255 L7-H &, Zackernel 2342
95 sleep IZ& > TH 1 51 THE TN TS 500ms
DAY =T U724, E 288 THRET 5 (BEf) BEKEE
19%. ZOHRTLEDL 2T L, 500ms DAY — 73
5. ZZEFTEFLREEIATzhoop DEAHIZE D, BY
ledl = true; #FETT 3.

blinkLed2 b Rk TH 5%, 5EiZ LED2 2 LTHS
500ms A Y — 7L LED2 % sUT L T 500ms A Y — 7L T
BHIZES., #Re LT, ZThsoa—RNickb, LEDI
& LED2 %% HIZ 500ms B SIS T2 N TES,
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volatile bool ledl = false;
volatile bool led2

false;

void blinkLed1() {
zLoop ([&] {
ledl = true;
sleep(500, [&] {
ledl = false;
sleep(500, [&] {});
B
DN
¥

void blinkLed2() {
zLoop ([&] {
led2 = false;
sleep(500, [&] {
ledl = true;
sleep(500, [&] {});
b;
b;
}

void main() {
Zackernel::init();
fork(blinkLed1, blinkLed2);
}

2 Zackernel ® 32— R
Fig. 2 A Sample Code of Zackernel

Zackernel ® 3 — F{7#01E# 900 f7CTH D, TT CH
T I TV TV TV SEE—UEERY. T
EARAL Y RTCYLVFRAZ 2RELZGE&ICELT
Ty T SR EEAEEENELCTUL E D,
Zackernel Tl& Z OEEILA U7\, Zackernel % macOS
THNZ 1779 UTHIRLZGE&EDOY 1 XL, &Ft
134KB TH 5.

4. BE3— )Ny oL v R

HxlE, Node 70275 IV 7EFIN 5] ICEMERET,
Elixir THEELZ, I—U NNy Z2EBEHVTYILF XA
JWEIIZT B4 T 7 ThHIBEI-NVNY I ALY
R*2%BAF L 72, BUR T Elixir THABINLTWS.

REI—NVNy 7 ALy ROFEEIZHT- D, Receptor &
Worker £\ 2 D0 Elixir 71 2% &3 5. Receptor
BREI -y Z ALY RADY T A MEZIY,
ST F Worker iIZav Y REFE-72%, Tk 7
ANEFFD, 259528 T, BHRSVITA &R
MBI EWTELLDITTAS.

—7}i, Worker X Receptor @ 7't 2 ID & EITERIEZ
Benv 25 L THBEMTHS. env ITIFHFRTIZIRD 3
DOEHRMB A>T VS,

e :queue: FITF¥ a—, THROBIRMFIZETT S

*2 ZeamCallback: ZeamCallback, available at https://
github.com/zeam-vm/zeam_callback
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pid = ZeamCallback.Receptor.new
send(pid, {:spawn,
fn(tid) ->
I0.puts "foo #{tid}"
end})
send(pid, {:spawn,
fn(tid) ->
I0.puts "bar #{tid}"
end})

3 BERIA-ANYIZALY FOa—Rfl
Fig. 3 A Sample Code of Light-weight Callback Threads

WXy 7B ORI ZRT Y A B

e :threads: BIfEOBEI— I NNy 7 ALy FID &
I— Ny 7 BB ONIGEGRE RET 5y 7.

e :next_tid: RIZHREBI— I NNy 2 AL v RE2HFHE
B U7-RD ID % Gi8xd 5.

Worker (&85 #]1Z Receptor 265 DITRTOIARY R %
ZUTELD, F47F 22— envl:queue] IZEFKL TWL. Re-
ceptor HD AT Y RMWEIZHR o726, EfiFa—053
TV RE1IDHOVHML, Toavy NOBEI— NNy 2
ALy FOID Z8[8uzLCa~xy KA ETEKZ -
Nw 7 LT Worker Z IR LS 5. FEf7F 2 —I12f@
H 0P o 723541 10ms AV —7 LT, Worker % FIRIEQ
mLd 5.

Worker O DERIEZA#L, #H'H Receptor 123650 T
Ny 727y FEIN5G, FERIIZIE, £ L Worker 23 5 7»
DM TSI > T U E o7z & ZiZ1X Worker % F i
I ORREE EETETFETHD.

BEI—LNy 7 2Ly K&z Elixicr 70277 L)
%[ 3 |ZmT. pid = ZeamCallback.Receptor.new T
BEI—-I ANy ALy RERFTL 7o A2 B,
pid I 7B LA ID MM d 5. Hi< 2 DD send(pid,
{:spawn, ...} &, THEN1DOFTOREI NNV
ALY REFHBEERL TREITS. 5|18TE5E 2o
fn(tid) ->75 end T TH I =Ny 7 I N5 ELBEK
TH3. I0.puts IFXFHE2RKRTHEMTH L. tid I
WBEEI—- LNy 7 ALy RO ID AKEMEINE. 10D
DRI =Ny 7 ALy KT, tid DEH 074D T,
foo 0 WERIND. 2 D0HDWEI—NLNY 7 ALY R
Tl tid DEA 1 72DT, bar 0 AR RIND. ZNHAH
JEFBIZETTEEICATY2a— VI NEDT, foo O,
bar 1 L FRIN5B.

BEI—I Ny 7 ALy FOEARBERILERK 150 17T
T 5. Elixir DATRREINTE D, MEFEEHN
TWaW, ARV LEROATY 2 b7 74V TH
% BEAM I — FD ¥4 ZEAEHI 12KB TH 5.

5. M@
ERTHWEBEEL2R 112537,
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=1 OETERE
Table 1 Runtime Environment
| Mac Pro (Mid 2010)
OS macOS Sierra 10.12.6
Elixir | 1.6.1 (OTP 20.3.6)

* 2 SEBEE: Zackernel & Ctt 11 ALy RO ATV HERDI
B (%)
Table 2 Results: Table of Comparison of Memory Size of Za-
ckernel and C*t+ 11 Thread

Num. of Tasks | Zackernel C++ 11 Thread
1 0 536576

10 0 5365760

100 0 53657600

1000 2097152 537624576

2000 2097152 1094123520

5000 4194304 N/A

10000 5242880 N/A

20000 7340032 N/A

50000 10485760 N/A

Zackernel D A€V JHEEZ Ct+ 11 ALy FE W2
&L iR T B R Z2 1T o 72, C BEEIZ £ % macOS
TOAEYHEBEREOHTEIZIZmach/mach. h IZEZEL T3
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BAAERAE Y YA A& ANz, ZOMHIZNA MEAITERS N
BH, ERIZIER—VHEMTAEY ZFS DT, R=I¥A1
ADfEBIEIZ 7D, ZDT, R=IUY A XL V/NZIAE
Y BEOZLIFHERBRICE NN, E72, MEHIFEITTE L
W5 DE 2 -HIEME 725 72D T, #uE UlllE L TRyl
12 3 IR CHIEMIZ 72 o 7= A D2 A L. ES 5 A
Ly Ro#ix 1,10,100,1000,2000,5000,10000,20000,50000
D9 THEL 7=, ZTh o DREREE % /) 2 Tk THE
EERHODBHIET, 1ALV Y FHhDfFHAEY &%
E L7z,

Zackernel & Ct+ 11 ALy FOAE Y HEREZ K U7
FERFER 2K 2 1087, TNENOMEREUE, Zackernel
T0.8396, Ct+ 11 AL v KT0.99993 Th-7-. Ctr 11
ALy N TIRBIFRFERZE SN/ L W T E 528, Zack-
ernel TIXAL Y REDPNIWEHIZR=Y Y1 XL DN
IRAEVEALD Do O THIEMIZENT, RN
WZHHEA R B D MBS N X < 72 o 7z, Zackernel TlX 1 A
Ly RdH7=D 204 X1 b, CH 11 ALY RTIE1 ALY
RH7ZDHB546KBHEBLTWAZ &Dbholz. Tikb
%, Zackernel 1 CH 11 ALy RO 2,700 3D 1 DA E
ViHERTH 5.

EBEI—NNY I ALy FOAE ) HERE%, Elixir
T A EHWGE L IR T 2 i EERE TR o 72
Elixir (213 A €V HERZHE T 572012 :erlang.memory
VO BBAPHEINTWS., ZoBMIEEAROAEY &
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y =2834.9x + 24811
R2=0.99998

¢ callBack
& Process
—Callback

y =1331.7x - 582298

R?=0.99284 —Process

8000 10000 12000

4 EREER BRIV ALY R TEEAD AT Y HEERD L (BAX)
Fig. 4 Results: Scatterplot of Comparison of Memory Size of Light-weight Callback

Threads and Processes

R 3 EBRHER: BEI-UNy I ALy P TavADAEY M
O (£)
Table 3 Results: Table of Comparison of Memory Size of
Light-weight Callback Threads and Processes

Num. of Tasks | CallBack (bytes) Process (bytes)

100 76144 358848
1000 881656 2877360
2000 1496296 5636232
5000 5734120 14160616

10000 13004640 28402248

PTORATHHALTWE ARV EBREZ2EEHT I LN
TE5. RWFETIE, BEI—- NV NNy 27 ALy FELLIE
Elixir 7B ¥ 2% —EHHHERT 2H1EOEEDAEY
BOZEFHILZ. ERTA2AL Y RELLIETnEA
DOFUE 100, 1000, 2000, 5000, 10000 D 5 i@ b THIE L 7=.
o ORIERRE BN 2 FETHEEERDBZ LT, 1
ALy RELLIRL TavAdbz o DA€Y B2 HIE
U7-.

R I—)N Ny 7 AL R Elixir 702 ADAEVUH
BHEAHMKRUZERERZ2K 3 LE 4I1IRT. ThEh
OMHBEBEBIIRE I — LNy 7 2Ly KDIFA T 0.99284,
Elixir 702 ADHET 0.99998 TH - 7D T, EEFER
BRIFTH-7eEZ NS, HEXD, BEI—ILNY
ALy ROBETL ALY KH72 0 133231 1, Elixir
Tuv 2ADEET1 7ok AH=0 2835 N1 MEE LT
WBZeDbhot, $hbb, BEI—-L NNy I ALY
RiZ7 e ADMHLESDRAEYEERTH 5.

IN6D1 ALY R/ TOeAHhDAE) HERE
Higd % &, Zackernel 78204 N1 b b AL, KE
JI—)LNy 7 ALy KA 1332 81 b, Elixir 7’0 & AN
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2835 N b EfiE, CH 11 AL v R 546KB & 72 5.
WMHRL NV S6ETEZ RET I LT, BEI—V Ny D
AL v K% Zackernel Wi &AD A £ ) HEEEIZI X 5 &k

RHEE S RMAH 5 D0E L.
6. FE&HERKEE

AW TlE Node 7075 2 V7€ TV & EAKOEET
RVFRATNEE T S % CH & Elixir TEEL, Th
Z 1 Zackernel, BRI —)LNw 7 AL w K EIEFRL 72,

NS KO TR A/ ALY ReD 1 THERA/A
Ly Nb7bDAE Y HERZ IRT 2565 % 1772 -
7. DR, Zackernel X1 AL w KH7zD 204 31 b
CEBLDRL, BEI-VNYIZALY KA1 ALY R
720 133234 b, Elixir 70X 2531 7av 2H7= 0 2835
NA N, CH 11 ALYy R 1 ALY RH7 D 546KB T
HoTr.

ke LT, E9FENThoAETarysFHFA
A4y FIZEDL LWVWORHZHET 202 %2 ETHI &
PEIFONDE, TVTFFANAAL Y FITET LML, <
NFTaX A/ INVFALY KDY AT LEEE T 5
Bz, 1ALy R/ 7TREABH-0DAT Y HBERLIHA
THEELRMEMETH D, 5%, REZEHL CHEZRAA
7=\,

ARES/RNZ, BRTIEZ/ VTV T TThHST
O, FIHTE 2RMH B 515, Zackernel Tl 7V v
T4 TVIVFRAT LEAOHECEETIZT 572012, L—
T 1 [a] 1 [ ORESE L OB X A 2 SR E A REH %
HET 2Ry y 22FEELE. ZO0ARELDHFVPTL
T57-012, a7 I IVIEENHERIIFEANT, 7
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F7/z, Elixir i28WVWTH, V—=7DODRODIZAVSNEH
WEIFOHE U X, Enum X Flow [7] %\ 7z map RO &
SIE L FE oM AR ETT BRIZ, Zackernel & [ARED
LA ZE AND FADEZ NS,

Zackernel i bV w =05 I 07 ZikoT0W5
e ORESFENELS, A2V -2 OMENF LS
FoTWa, AV =PRI ->TWAHEAL LTI,
BEOCH Tns I LR, F—XxXvalLrsyavIh
BWEWSEREDHD 55D, ZDIFEMIZH, Elixir D&
SBEBAEETIIRL CH TEELTVWE D, KE
HIFOBREANRREINZNI NS, T—ILNY 7T 5
ZHIREOH UDES Z-oTLESERNLHD 5 5.

BEI—L NNy 7 ALy RIZDOWTIX, BIRTITFEST
Fa—TCHREINTVE AT Y MHEEZ BT L TV
WDT, GCPREITHEREL R WRIEDH B DT, WEL
72w, Tur AfEfEOAMAEZEET LI LT, £O5®
RERAMNE T L%2EL D TES,. B LENAHNE
HTEAEIZE, BEI—ULARAYy ALy REAWSE LS
IZ Phoenix 2EELRBITILE2FATVWDS 8. £z,
Zackernel WiAIZ 1 ALy RH7-DDAEYHEHERZTZ
58D BN ADKEL - EEEZIAAD.
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