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Abstract Remote control and monitoring of information appliances require RTOS and TCP/IP
network module to communicate each other. Traditional TCP/IP protocol stacks, however, require
relatively large resources to be useful in small 8 or 16-bit systems both in terms of code size and
memory usage. It motivates design and implementation of micro TCP/IP that is lightweight for
embedded systems. Micro embedded web server is also required to control and monitor information
appliances through the Web.

In this paper, we design and implement micro TCP/IP and Web server for information appliances.
For this goal, we investigate requirements for the interoperability of embedded systems with the
Internet and the Web-based control of embedded systems. Next, we compare our micro TCP/IP
protocol stack with that of RTIP and QPlus in terms of object code size and performance. The size
of micro TCP/IP protocol stack can be reduced by 3/2 and 1/4, respectively, comparing with that of
RTIP and QPlus. We also show that the performance of our micro TCP/IP is similar to that of RTIP
and QPlus since it handles 2.9Mbps when delayed ACK is not adapted.
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P AS5E E2EE FTHEEH . gEM, MTU

Hr} & dojelE SO A%, & GHIy) 243

= ZAoe FEFH/ A WA ©HE} 938 £4 F

Jq ol uig 4 Tzaygoz AYIEE, § TR

Yoy HAL AAAT HFIA B3 ZA)

ot oz A 2 =FdM FEE dEEe 8
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GET WA= 23t}
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AE o F A : 7HEd HTML £3E52 X33}
B2 7€ 4 AudA AT ZE LF A7t
gestA gtk wet B =Eoa FEE 9 Mues
"HTTP 404 NOT FOUND" &5¢ M= 74

Afee] A Al 10 @ A 3 EZ(20046)

StE 2 olfre A, HTeldE, JIF 9 34

B tREe oF A=So| AY AlagE § A

de A AE&EHA @gon “HTTP 404 NOT

FOUND"%t 7[R 1% AME-2ES] 238 H#eR] &g

e guE 83 28 5 A7) YRtk

43 3 37| ¥ Ms ‘

E 1€ QPluss}t & =FdA 7Y Z2EZ ~9
9 B3 3T ZA7E uHzd AdRE RAFn s,
% 79 B5 StrongARM CPUZMA Antdsigrt
FHE9 ZTreZ 2" B3 3c 7 2L ¥
3t % 37.9KByteselolA, QPlusel gAlso] ¥ =
2EZ 299 37} 1420KBytesol] Bldte] Aoz
77 o 1/42 F9ENSE U <+ Yok

E 2& x8 CPU 373N 739 Z2gE €L
o)l ATES HAAYHE oj&3ld HAUYF A
€ RTIPS vwiud AHoloh ¥ 22 RW TCP/IP T2
EZ 28 Fdx ICMP TFTP Z#lo]QQEE= RTIP
o ®i3le EFZC AP FH & Rz JERG 3
k. AT &8 AEE ALY THE ZEREF A7)
£ RTIPY ¢ 23392 ¢ & ok

B =7 7FHE T2EZ A%L QPlusY YE
A 25 a3y AME dm: Aul2E o83}
Qrt G223 § PCAle dI HWE FEAHL, A
Bodle dE ZEelAE H2AE FRAAT oY
B BEY W3 F PCY A2 ethernet A0)EE

E 1 QPlus$}Hel E¥== =37 vl

A 2§ 234 16.5% 6.0 15.8%
ARP 5.8 4.1% 17 4.5%
P 19.2 13.5% 5.2 13.7%
ICMP 4.2 3.0% 0.8 2.1%
UDP 36 2.5% 34 9.0%
TCP 54.2 38.2% 183 48.3%
24 315 22.2% 2.5 6.6%
=5 142.0 100% 379 100%

e

¥ 2 RTIPSY] &3 3AE= =7] vw(KBytes)

IP only(A92EX3) 24.1 15
IP + UDP(NIC ¥£%h 35.0 215
IP + TCP(NIC 3D 499 283
ARP 24 2.2

ICMP 10 1.7

TEFTP client 55 5.7
DHCP client 8.6 48
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239

¥ 3 UDP oz Al §7 Ajgt

(4 : msec)

1 16 9 13 10 11

2 7 12 10 10 11 10 105

3 8 10 10 10 10 10 103

4 8 9 10 11 10 10 103

5 10 10 10 10 1 10 103

6 7 9 10 10 11 10 03]
7 1 9 10 10 11 10 103

8 7 9 10 10 10 10 103

9 B 8 12 11 10 11 10 103

10 8 9 10 10 11 u 104

(¢4 : msec)

olg3te} niz AAARL, FEFRINENM 2 A
2 AQRE Ego|dEs} §H° dHolgE 4l F &
AL T8 YAx AHE FFATLE SHsHT
X 32 P9} UDPE ©|&3l: o= AMulxdjr g
REE 2F3 Fof uEZgoz oz MulAE o3
Ag W, A& 1059 NS BRAYFa Yok

# 394 ¥ B =FdA TES ZEEZ 2o
1008l EE AE3RE wWAe o lmsec = o &
231, 1000ute| Ee} 140080 ES AFIAE AFole
Hl5=3 Aoz uehdth 15008k0E olde Ade
<, & 1P BHspl 2AsE A9l QPlust PBH
52 A Y3tA| ol olm AMul2el o]fo] BIMEIHSY
SR, B EFelN 7HE ZIEge ol
15008t0]E ol o2 dojm PPHoE dx
-]
AY, & N Gyt B Fel
103msec7t A, 14008l01EE A4S o]

arose x> [ 0 B ol

1 9 6 221 9 5 173
2 4 9 182 7 5 174
3 3 6 183 3 5 173
4 3 5 181 9 5 169
5 3 5 175 2 5 177
6 3 6 184 3 5 169
7 3 9 191 3 ) 172
8 13 9 172 3 5 172
9 3 6 183 3 6 169
10 8 5 181 3 6 174

Bt} oF 90msecd] A7te] B AArh ol IPAIFA]
gzl H2e AP A At el

X 4= IP9} TCPE ¢]83lc o3z AMulzdre &
@ AR BolT Stk E 494 Holi e Holele
UDPE oj&3l= oz AMuiig niivixg, Brlus
2 7153 o vlRFHo T o3 AMBlAE aHsELS
o, 2§ 103)9] A|7H& BAFT gl

E 48 A9EE JAFoR v HF S BolAvh
QPlusel HESZ =Eol 100Hle|ESY HSde
Imsec, 10,0008le]E2] 79+ 10msec F=el AJ7¢
°] ¥ ZEe ez EFFHAUG 53] 10,00080|EE
Hule FolE QPlus Hz olE AMul2dMe o
395 B} 30~40msec T AIE Aoz FAHHAC
ol QPlus7}t MbufsT7#2E 2oz #A3lr] w&ol
vl QPlusolMe wixzl #eEle] ews=g Zoly] ¢
A A"l 7F Aol 2719 MbufsP2AE vlg] &
Fate] AMgsla ek 3HAY 10,000uk0]|E 8] F$-olle
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nIRE F VEYT RE 2% Zzt ¢ 167msec-‘2}
179msece] A7ZHAE BYS A8 & Ud. ol vw
2 ¥ HF = & ANAE Y, dolg 2
714l g AF LHIH=E AR HsES Vet
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8t Az ddsgth F 5 424 94 A A9t
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R 594 -2 =(Download)®] ZA-$olle dAz &
go]JAET} Holetg fAldte H A™ ARe &
343, JE2=(Upload)d ZAS-de A8zt 2 547
A2 Aztg meiEly] fsiM ZeleldEdA 2ad
A7kl RTT/2 %2 E3Hdh

% 5% HW 20KByte®E UR2Z2:= Ffole BT
6.8msec?] A17to] 23 oF 294Mbps? £5E vehl
23, YE= Ao BT 154msecs] Azhol B#E
o 1.3Mbps®] $28 UEPES ¢ 5 QU 48 &9

® 5 TCP A% Azt

o

2.86 14 14

1 7
2 6 3.33 15 13
3 7 2.86 16 1.3
4 7 2.86 17 1.2
5 7 2.86 16 1.3
6 7 2,86 15 1.3
7 7 2.86 15 1.3
8 6 3.33 16 13
9 7 2.86 15 1.3
10 6 3.33 15 1.3

Bl A4 A 10 9 A 3 5Q0MS6)

AN st = RTIPY AT
Aeje} CPU&EEY we ta A
133MHz$} 733MHzE AHdhs Al=® 7
gl AHEEEE Aol 1L.1Mbpse £%E Holm
A1) @A FEOIAES Aue A :
W, ® =RM 78 T=EZ 293 RTIP7 #l4
T A5E Boln Sldw & 4 gk

4.4 JY gt _

441 Ping2 ©|8% ICMP 2 IP §3& H~E

Pinge 54 S2EQ EAE 3] A% Z2E
Z=4 ARP, IP, ICMP/} @d#=o] F3aste S48
83 FHE TREZ ~d B2 3 Y5 HA
EY F Qi

ICMPS} [P ©¥3} H2EE 93l Pingg ©]&3kd
A+HE dolee I7E 1024914 8192 svlo|EZA]
Z7AIEA SHARE FUsan. 2¥ 79 @
(b 42 SHsr 48R g 1024 nlolEQ H
ole}g X #AI7 Pings] ZH9) 6709 ©sizl G4
8192 ulolE9] wloleld EFAIZ] Pingel ZIAE RA
F3 ok 3g 7oA HAY 5 =] dHspy) ¢

3 e . ™ .
icressft Wisdove XP (Vareden 5.1.2¢883
KC> Copyright 19962001 Micrssoft Cerp.

and
P:Wping -1 1824 165.194.96. 89
Plagiog 166.194.86.49 with 1824 byves of data:

Roply fren $66.194.06.49: hytas~1024 tinesZus TTL=128
Fuply fren 165.194.06.49: hytes=1824 tine=Gne TIL-128
Poply fren 168.194.86.99: hyteo-1004 tine=2ns TTL-12¢
Beply fren 165.194.06.49: hytes=i24 tine=3ne TIL=12¢

Ping statiatios for 165.194.96 .48

Poodute: Sont = 4. Necaived = 4, fest = B <Bx loaed.
Ppprexinats reund trip timae fa willi-secends:

Hintmm = 2ns, Mexionm = Jua. Average = lne

»:w

(a) dloJEle] =7)7} 1024 ulolEQl AS-

't Windgws AP [Vorsisn §.1.7608)
(G) Coppright 19952081 Mioressft Corp. i

aad
P:Wrping -1 8192 166.194.06.49
Pinging 166.194.06.4% vith 9192 hytes of data:

Paply frea 165.194.86.49: bytes=9192 tine«ibne TIL-120
Roply fren 166.194.86.49: hytea=9192 tine=ilne ITL120
Reply fren 165.194.06.49: bytos=6192 Cine~1bns ITL=120
Peply frem 166.174.06.495 bytes 8192 time«1Bne TYL~128

Ping statistiss for 155.174.06.49:

Pashots: Sent < 4. Movetved = 4, Lest = @ <8 loss).
Ppprwninate reund trip times in milli-ssceads:

Hininun = t0ne. Maxiaum > (0us, Averags = 1lns

(b) ®le]ele] = 7|7} 8192 wiolESQL 7
29 7 deleke] =7]o) B2 Ping 373 éﬁr
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