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ABSTRACT

TCP/IP protocols have been implemented in software program running on CPU in end systems. As the
increased demand of fast protocol processing, it is required to implement the protocols in hardware, and Host
Interface is responsible for communication between external CPU and the hardware blocks of TCP/IP
implementation. The Host Interface follows AMBA AHB specification for the communication with external
world. For control flow, the Host Interface behaves as a slave of AMBA AHB. Using internal Command/Status
Registers, the Host Interface receives commands from CPU and transfers hardware status and header information
to CPU. On the other hand, the Host Interface behaves as a master for data flow. Data flow has two directions,
Receive Flow and Transmit Flow. In Receive Flow, using internal RxFIFO, the Host Interface reads data from

UDP FIFO or TCP buffer and transfers data to external RAM for CPU to read. For Transmit Flow, the Host
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Interface reads data from external RAM and transfers data to UDP buffer or TCP buffer through internal

TxFIFO. TCP/IP hardware blocks generate packets using the data and transmit. Buffer Descriptor is one of the

Command/Status Registers, and the information stored in Buffer Descriptor is used for external RAM access.

Several testcases are designed to verify TCP/IP functions. The Host Interface is synthesized using the 0.18

micron technology, and it results in 173 K gates including the Command/Status Registers and internal FIFOs.

I.ME

AEULE AA A EolA e A= Al=H
59 Qastel, A HelE w8l AFsa @ 7
g AR HEYIZA Qe ddH" A=
Nze] 49 Bl A A 10K7F vhd - vl
e me 9 Awsn A 3w o
Elzaks) o
273K 44 Tzawe ks ool ooyle
2 d490] Q& "3 £57}Gigabit o]t g w
2o w AxEgolz FEE TCPIP" pro-
cessing= A B4l AlZ=Hel HF3 FHIE A
FA Hlom, AR MEHoR T8 =AU
21131

2 = &9 HolH A S 9% TCP/IP
hardware accelerator 78’ ZZAHEQ JRFHO
TCP/IP 3t=9o]¢} CPU, 9% RAMT}Ie] EAIS
£]3) Host InterfaceS THEUL Host Interface(HI)=
a9 19 Holz HigF ol CPUS 9% RAM,
TCP/IP at=glojete] Bals H@dshe &S0t
;}C o2 FHE E55 e AL Ay 94
H =5 53 o]Fo ]—t— HhHo] CPUStke] A
2 WEE ry2r)E B3A o]FolXith wEbA
CPU$} TCP/IP %}53101 7&4 sAle feid= o)
N gEE = —S%O] "Joo}7ﬂ e olegt 7]
5 ©@9e £F°] HI°|th HI® CPU, 2%
RAM Z7t¢] %Jt‘ AMBA (Advanced Micro-
controller Bus Architecture) 7FHY1S 7|FZoz A
A=Ak

HI= control flow$} data flowS 71t} HIZ}
AMBA BusY SlaveZA] =2}l Control flows
CPURRE 3t=9lo] 2559 WaAe WHolv
Hile #3s A% &t AR, 52 sl=do] E5
EZHE CPUZ HUAl= Meﬂ AR gl wke g7
9 3d AR 5 A Filel] Bag control
ANFES Loo}ﬂ ﬁ?ﬂ Ao HI W<
Command/Status Register(CSR)= F3 SAlo] 9]
Folzch FAlet HFlY HolH ke $418 #FA
o] dlolgo] F|Fsh= data flowe= €% RAMT}

2

Copyright (C) 2005 NuriMedia Co., Ltd.

U= AEHleX 1&e] dlolE AHZE

TCPAto]9] flow® HI= €% RAM¥ TCP/IP 3}
=g} Aol dand AL AL Gk o]
wol = HIZ} AMBA Bus®| Master24 25
2J5 RAME SlaveZA] F2Fstt)

o= o 2ol FAEATE 27elA HI
7F ol lEdle]xske]  FAle] wEE AMBA
AHB Specificationol] tisl] o-& F 374 HI
9] FZLS TCP2S] Receive(Rx) Flow2} Transmit
(Tx) Flow, Z12]31 AMBA AHB¢}e] 2oz
o] At 4o M= HIgF Ohe 22 7he) <)
o]z dis -FAek 57914 HI 78 5
2Eg Ao|~Ee dlgte] AF3kal 1 Synthesis
ReportE 67304 HIATE €02 73A AES
=t}

Rx Direction
uorsang X1

External
TRAM

External
RxRAM

2! 1. TCP/IP hardware accelerator®] E-2t}o]ol13
I. AMBA Specification

£ =7oA Fd¥E HI= TCP st=¢loi7} <)%
%ﬂ% sl AMBA RS WES 1789lA
. AMBA AHBE &3] B8 sl &
glo] wel Master®} SlaveZ WA

t} Mastere= =412 93] AMBA Bus® A&

gsle]  AAAES A EEo|a,  Slaves
Master2] 230l 2]3] Master2} BA& 3 =&

o i 2 fo
Uz o
rlo Sﬂ
i

www.dbpia.co.kr



-/ TCP/IP Hardware Accelerators $]§+ Host Interface®] 37|

H-2o|c}. Master2} SlaveZte] EAlS 73 29] 4l
FES FeAM o]Felxcl. $4 AMBA BusE Af
438718 Ysks B35S AMBA Arbitercl|s] bus
AH-S 9)d 8 AL 1A =5, 2ol oh’F hgrantE
Hkeo 24 FAle]l 715384 ¥tk Hgrants 8k
Mastert= Slaveel] control AlEE3} 3 ¢ 2
715 fsh= dlelele} F4F BuU|aL Slavew o]l
3t S22 Slaved] AEHIE Jehls A5ES
YA glok £ =Fellx] 7= HIolA+= HI7}
Master 2 £3F5= 7Z$ bus A5 24 7] 9
3] hbusreqe} 7 XM= hlock AlZTE 002
A ek 24t bus®] sizeE 2]vIsk= hsizes
wordS ARE3}913 htransfert= IDLE, NONSEQ,
SEQE #|{13l5itl. IDLEL dloleje] Ao o]F
oi2]z] ¢ gl AdElE 2v|dich. NONSEQ= ¥
Hol| A4sh= wlo]E] chunke] 3 dlo]e{Y-e e}
Wi, = ]2 deolelE SEQ7} ¥tk Hburst:
shtel 9= #$E eJvlsh= SINGLE, hilel 4
words¥ A$3H= INCR4RHE A|EEE 3)oick
Hready+ Master®] 83l oigt Slave?] #z]4tel
£ velfie, hrespt= OKAYS} ERRORZHE: #|4
gt} 73 32 AMBA AHB®| multiple transfer®
timing2 %] &t} AMBA AHB®| Master
AMBA AHB Arbitration 52 23] hgrantE ¥
o F49l 4 control AlEES WRUWA
Slave”} readye|® th& o 2l dHeo|EE Ul
AV ¢zt she dHlelslE vl €k 2¥ 3
oA RolE ule} o] Slave’} ready”} A L
7$(hready 4157} low?] 7-PH)elli= Slave”} ready
7} 2 w7}2] F4 controlAl 5 248 Hlo]E]
& fRI3laL slefok gt

hst —

Raspt & clock
[T pp—

Arblter

Grant ngrant  ———

p— hbusteq ) Albter
w
F——>  hiock
Taatar (- thmady. > bbb haddr
Aasponse hreso —;—0 3 Rt
AHB 2
Add
Mastar —> hwiite d“',ll:“
Dala hrdala _a;—. Ly haize Gonlrol
_3—> hburst
32
—t—

hwsata Daw

Nl ——
fready ) Transter
Agsponas

and
Control

NWIIE et AHB

hadds  ——d—p —2—%  froen
2
Addiass iy
hake —p Slave p—t—> hidaa Oata

hourst

Dat hwdata ———t—>

2] 2. AMBA Signals

Copyright (C) 2005 NuriMedia Co., Ltd.

S O O e T e
N0 S ) G
0
X

|

Tawa Cord
A 2

[Cortsd

Contdd ©

| I O

Dwa Oan
®) iC

e SO0
wor TV 7
wnan YR OB E

12| 3. AMBA AHB Multiple transfer

ik
ARAERRE

4

Il. Functions

3.1 Command/Status Resgister

HI= CPUY TCP sh=gloizte] =i=, Ae] Ax
2 &e] AREE #R2Ee] 23, ¢o] AL
24 control flowE #e|ahA| =&, o2 9js
o] W3ell Command/Status Register(CSR)S 741
t} CSRE 2ol wjz} Read Only(RO) #|%| ¥,
Read/Write(RW) #|*|2~E], Clear on Read(COR)
HA2Ee] A 71A] 7o HA2EE el
RO #HA|2E|E= CPU7F Y7|vt 713t HA| 2B =,
ke F7le] de] AREe] MAEE dA et
oo 43l RW #HA|AE]E CPUZE Y 227]7}
7P5% #A|2~E|2 TCP Connection setupS $J&h
Configuration #A|2~EE3 Mujwal sh= {7l
] ARSo] ARE #HAZEfelct. vix|tew
COR ##=E= CPU7} $]17t Felli= Clear=&
H A AE| 2 Interrupt #|A| B} Statistics & A 2]
Eo] olel slidgict

CSRES A&t gl AHe A ufe} F
o} ®®, TCP Connection setup2 $|¥+ Configura-
tion #RA|2AE|, Header information ¥|X|~E],
Buffered Direct Memory Access(BDMA)ol| AH8-%|
= #A2~EHZ FEHc)l Configuration #|2]22E o]
+= 27] ARAle] MAC address, IP address, header
typet Z}E timer §o] AW F541 wizle]
#t}E parsingdle] 22> A WEFo] Header Infor-
mation #|X|2Elell AAHch HIE dlolele] £
AlA), A 2skaal sHs 2% RAMO] oA
2= 7Vs% RAM®| =7] 5 BDMAE $13 HEE
o] Zagh oleigd W5 BDMA #HA|2Eel
AA=el. HIx= CPUel 28 CSRell 2443 o] 3
HEZ o83l 9% TxRAMEYE wlolelE ¢
o] A} 2] RxRAMe]| HoJe]E 227 X},

www.dbpia.co.kr



SHar 541813 =7A] "05-2 Vol.30 No2B

TCP Connection®] #5 F2]Al =%, HI= CSR
9] Configuration #HA|XE] FHE-S TCP| Al valid
Az} A Btk =23 o 7 S92 & 3
HES TCPE ¢HFAY TCPEHE Hbo} CSRe
A7ggi

HI®] Control flow= CPU2] SlaveZA FZ}3F
t}. HI9 Slave mode= hsel®} §H7| enable&™, 1L
3 49] state machine®] W} 2314 Hok HIQ
Slave 2+ CPUZ} HI®] CSR9l H|o|EHE AAY
971 fsi dMxsh= A7 "®o cpug
control Al&ol| we} state’} WH3PH, Zb stateol] A
CPU”} €sl= CSRY HIo|HE ¢lo] HesAY
CPUZ} 234} 3h= H|o|E]E CSRel| A Atk
CSRError= CPU7} 22717} 3€5A &= RO
A 2~EY COR #HA|2He| 2232} & uf high7}
ZJo] CSR_ERROR state’} HH, ©] stateo| A=
hready”7} low©]3l hresp’} ERROR”} =] Master
Q1 CPUCAl CPUS £3o] X HISS ¢dtt

haite_Slave ,r_h‘;,e Stave
#e S

/ : \
/ hburst_Stave=="SINGLE '\ hburst Slave=="SINGLE

{csr_Rrean)
A
thwrite_Siave

&4 (hbure!_Slaves="INCRA),
44 {hirans_Skavel="IDLE)

2! 4. CSR Access FSM (AMBA Slave Mode)

* Buffered Direct Memory Access(BDMA)

HI= HoE ] A&l 9114 BDMA W41 A}
&3tk & 9% RAMS HIZL A3 dAlzsled b
o[E|E ¢lal 5o =X CPUSH HIAL]9] Hloly
go] o] FoA= Aot HI= 9% RAMS 3
A HAzsr] flsiA 2l RAMOl tigE HRE
Polof sh=t] olHF HHE 7HA e A=
E{7} Buffer Descriptor(BD)©|t} olgje] 18 5+
o]2)st BD9| data structureESR o] ol =
oA 83 HIYlA = Rx Flow®} Tx Flows
st Zkz} 570e] BDE 7HAaL lv: 7+ BD=
HollAl Hol= upel o] dlolHrt Agd FAE
&)= Buffer Pointer®} 2 BD7} 7He) 7] 9%

N Lo

Copyright (C) 2005 NuriMedia Co., Ltd.

e d1e |
Butfer Doscriptor Register

Start Address g |
Fiagister

. |

| it Poinitae #1 H
BAXBOGNT+0 ]_‘{l _ “I”' o P'l'““’l -
Z i
| | - Li'cuu*-l '_= i Buttar 81 BRXBS of
- | BOMARKLEN
| Nl used
Bulter Pointer #2 H
BRNBOCNT+1 =
| Sus | lengh ';G Bulfer #2
Feacer #2 | BRxBS of
| ! not used BOMARKLEN
| l
| N Bulier PO 15 baitter #N BRxBS of
SEKBOCNT +4
| BREDCN £ Tengh BOMARNLEN
_ 7 Hieaoen #5 1 net used
| ’ )
'd
y; Rugistor for Rx buflly descriptor | \'!"!Dl\' fox frame
| ‘ : .
— e e A ~
i \ )
L3

'
31 30,20 2037 26

Butter Poiriar 4
DIE[S[E[C] Hegenved | Langlh

Header

Y1z 11 b L]
5

T2l 5. Data Structure of Buffer Descriptor

RAMS] F2&o AR dHolee A7E A=
length, 21832 JElE YEM= statusZ ©]F1A
Ut &= 7 BDE AE "ol #yH sy
BRES 7K 9tk 7} BDE status fieldol
ownership bt 7FA|3 9J=d ] bit> BDO
ownershipS 27314 ¢k HIE= ©] ownership bit
o] 1Y ul BDE ARE3le] HlolHE ¢lojery &
g A ¥tk Rx FlowE 92 So]®W CPUE
BDe| HIZ} #2418 Ho|HE A + 3= o
RAMS] 48} 7] & 2231 °o] JHEHI/}F A
43 ¢ JA=E ownershipS 1E It} HI= ©]
BD9] ownership®] 192 #2lslar o] BD7} 7}
71 Rl g dHelHE AE oA
ownershipg 022 3} CPU7} ©] ARE dHo|H
£ 9% RAMAA ¢z = =S itk AWA
BD<2| ownership®] CPUZ dol7}d HI= FWHA|
BD 9] ownerships 13} tloJ8]lE 24| 3] 5
712l BD2] ownershipS =5 &ojHz|™ owner-
shipS 7}2 uwj7}x] RxTCP BufferolA H|oJES
9joj2#] @ETL CPUE BDY AHHE o]&3}d]
HolHE ¢o] AElg Fol|= ownershipS HINAl
=870 HIZF Alg HolEE 25 RAMO A73E
T UEF FFojof gtk o]zg BD Al HIY
CSRell A=A =i, CPU7} o] FEE YUIo|E
3171 9si-= AMBA Bus® MasterZ4 AMBA
Bus9] Slave’} &+ HIS HA|~3lojof dich

* Reset Generation

HI= F 709 Aol 93] s3] shie
QoA Eojex= FAlola thE Sk TCP/IP

www.dbpia.co.kr



=% /| TCP/IP Hardware AcceleratorS $]3F Host Interface?] A7

StEdAlE FFAI7I7] 8] Uil A AAdske &
Alolth HI= 9Felx Sole= #Allel]l o3 HI
W3e] CSR¥} HI7} Slave2 F25h=d B3 &
EE0°] %7|3}=1, HIY MasterZ2A] s&sh= &
53 TCP/IP 3t=9o] E552 WiolA 8=
Aol o3l Z7|stEth eJFellA Solee gAle]
disable =™ CPUE HI®] CSROl| Configuration %k
55 24 Ha, FESE AIZE Fofl HIS ujFellA
AARAEE 2SS disable A ZI 2% TCP/IP 3F=4$]
o] E550] s Etk

5.2 Data Flow

Data flow= HZ] £ HoJg Fio| 3T

=, A8 F7Y HolHE ¢% RxRAMO
2 Rx Flow?} HE3la sl #i3l9] vlolHE
2% TxRAMO.2HE ¢]oJ2+= Tx Flow”} Slth
HI®} TCP 7t9] data flow= Rx Flowe} Tx Flow
£ 98l 27 "d=e] FIFO$} busE 7FAA|wH
AMBA BusoA¢] data flowe= Rx Flowe} Tx
Flow7} 3lve] M5 53l o] FoXA |} v
o] ] Data flow=S Rx Flow®} Tx Flow, 181l
AMBA Bus®}o] F2}0 2 o] A&t

52.1 Rx Flow

Rx Flowe 9F2HE #z& wol HFs=
flow=E, 713 6= Rx Flow? EZtjo]ol1yolt}
Rx Flow Packet Parser®l]A] parsing® ©|o|E]7}
RxTCPE A* RxTCP Buffero] #*7% 3, RxTCP
Bufferell 7€ Ho]E]E HI7F ¢1o] 944 CPU7F
HoAZ F UEE 9 RxRAM| AF3h= dd9]
flows A 3gHc}

RXTCP Buffer Read Data Valid
Controller Contral for Wite

ead Data (Word) RxTCP

RXTCP

Buffer ¢ sze Da%gz (Word)
32

sseippy
©I2Q peay

1senbey

€

ThTom) €0 ped
Bpa|mouNOY

REGEEIENERE]

RXFAIFO Host Interface

AMBA Bus

Srom ereq pepy |

External RxRAM

J2! 6. Rx Flowe] BEt}o]ol13)

Copyright (C) 2005 NuriMedia Co., Ltd.

* Data Transfer

RxTCP= 7418 H[©]E{& RxTCP Buffero] 2%
31, in-order® AFE dHlo|Ho A7|7} vlE] HojH
threshold ZXETF AX|H HI A Receive 25 ¢} st
7 elolel7} A" RxTCP Buffer®] F49 A ¢
=9 fr& HlelES}t 3 ¢lojzd dlelHe A7]E
&ejFt ©]E Receive interruptglil 3} HIE
RXxTCPZF-E Receive interruptsS O™ RxTCP
Buffer €] HoJE]& ¢ o}4 ujF<e] 22 FIFO
= AA 9% RxRAMo| #&3}1 Revd_Done
A 2% RxRAMO.Z 43 HolHe z7|E
RxTCPOAl &&5A Ak dlolHE AFE 4 3
E 9% RxRAMY =77} RxTCP7} Yojzteta
gt dlolE] AV|EY 2L F9dd= 9% RxRAM
A7|eHET AA3E CSRY BD  #HX|ZHd=
CPUd 93] HolEE AZE F A= 9%
RxRAMY] Z7|9} F27F AR 9Ed HIE
°] BD #HAZ=HY FRE o|&ate] AHE X9
9% RxRAMe| HlolE|E 27| #Ht} 7HeF RxTCP
7F ke dolErE gkl ariEoh & A-gel
< ARl Z7ET AEety UHA] dolHe
T2 Receive interrupt’} 2 W] AgHct 19
72 RxTCP Buffer2%E HolHE ¢lo] 94
RxFIFOO| AR3h= #8S Heolx itk HI=
"RXTCPin_IDLE’ “}efollA] RxTCP Buffer 25-E]
acknowledgementE WO ‘RxTCPin_DATA’> ‘¢
g7} %o} RxTCP BufferZ2FE] 2 Ho]gH =
RxFIFOOl| A73lal, HolHE =5 o glo] A
U dHolEE A 4 e 9% RAMO| F3lo]
o 24 o ol dHlolHE AT & gA HY
'RXTCPin_IDLE’ AH|Z Eolzitl HolHE 2%
o ¢ojex] XS dHelA RxFIFO7}  FHAY
RxTCP Buffer2%E] acknowledgementS WA &

IRXxTCPBuffxdata_ack_HI

RxTCPBuff_idata_ack_HI

(rx_fifo_cnt=="RXFIFOENTRY) (rdata_lend=BRxBS)
sk

(rx_fifo_cnt<'RXFIFOENTRY) (trans_rdatA>=rdata_len)

A&
RxTCPBuff_rdata_ack_Hl
(rdata_len¥BRxBS)

RXTGPin

DATA (trans_rgdta>=BRxBS)

RxTCPBuff_hdata_ack_HI

2! 7. Rx Data Flow FSM

www.dbpia.co.kr



=5 2185 =74] °05-2 Vol.30 No2B

3 ZA$-ol= “RxTCPin_WAIT /3e] ol 4] RxFIFO9]]
o8 S A4 F7to] A7) RXTCP Buffer2 %
E] acknowledgements S wi7bA] Z|othrF &
Aol ==HW A ‘RxTCPin_DATA’ AEHIEZ &
o714 HolEE Yoo UL AL sy}

* RXTCP Buffer Access Arbitration

HI+= RxTCPEHE e HHZS  o]&3l
RxTCP Buffero]l A ©]o]E]E ¢lo] 9} HI j+-2]
RxFIFOol| d]o]E]S 43t} RXxTCP Buffer®] #
2 RxTCP Buffer Controller2}2] handshaking<-
B3 o]FojRtk 13 82 HIS RxTCP Buffer?
528 HolFEa itk HIE RxXTCPEHE] ©)olE
£ ¢lojrlelE interruptE REOHW, RxFIFOO] H|o]
BHE AT ¥ FIro] A=A RISk RxTCP
Buffer Controller®ll 4] RxTCP Bufferdl] 35}17]
3l request® AT HI= RxTCP Buffer Con-
trollero| AlA]  acknowledgmentE WO, I TR
o f83 dvlo|gE WA ®th RxTCP Buffer
9] A2 RxTCP -Ado] Q17| Wil HI<k
RxTCP7} EA]o] RxTCP Buffer® HZ37E o
&PH RxTCP Buffer Controllers= RxTCP ©|A $-

31712 dsld HI= RxTCP Bufferd HZdE )
St71A ®th HIE acknowledgmentE WIFS wjwt
|

12! 8. Handshaking with RxTCP Buffer Controller

522 Tx Flow

Tx Flows 218 904 Hol= ule} o] Ho]H
£ AE3t7] 98 97 TxRAMOA HolHE ¢
9} TxTCP Bufferd] A3} 1 H o€ = Net-
work Interface(NDZ 3todg 53 3= dH9]
#4& 2wEit)h HIE TxFIFOO| A A4E oo]EE&

Copyright (C) 2005 NuriMedia Co., Ltd.

Control for Wiite
Read Data Valid

TXTCP Buffer
Controller

N Network Interface Eea?o
TXTCP Reed Dala (Worg) ;
Buffer a2 ’_’B

Fomedem™]  TAICP (%

00

Checksum

EEgE

-

- 58

I
TFFO Host Interface

B

e 2

oo

AMBA Bus

External TxRAM

2! 9. Tx Flowe] EEtojol13

TxTCP Bufferol A3 & w mz 9=
TXTCPoAl A48k dlo]e)7} AZE TXTCP Buffer
o] FAot AE deolHe =7l B dHolHY A
=9 franlolEE g#Fof gitt HIx= Tx Flow
£ H3lA Aol A Invalid Byteo] whE Hlo]
B H$E 9@ d$9 FA TxTCP Buffer®] T4 &
g 715 Fsteof sk

e Data Transfer

HIE 9% TxRAMOA =ct$2 dHo]HE ¢
o] ¢}4 TxFIFOE 7% TxTCP Buffero] #7343k
t}. HI= BD registerol]l A | ©]¥] chunke] 3 H=
T a3 vo|Ee dist ARE ¢l el A
o A3 H4$E dolHS TxTCP Bufferol] #7343k
$ o] AEE TxTCPoIAl &elFojof stk HI=
2] TxRAMOIA TXTCP Buffer2 Y= w92
ol E HFEZ HEHT dHolee A 9=l
Fask dlojg7t E9JS 4 Ut HI= o)y
3 FE3 ulo]E £E TXTCPOIA YHFo2H
TXTCP7} TXTCP Bufferol A ¢lo]& = dlolg S
Hlo|E ©R)E NIA 5T o Fa3k vo]ER
H A$E & U=EF g} E3F TXTCP Bufferd
gt o e ol E AYE o F& ulo]
E 5 ugozA AAZHIF dEske do
H 27 #HS dHels Zrv|Eg AR & Ut
a9 102 F& vlo]Ee] Fo wiEl MuEE flo]
7} gepds adoes vl Zleltk 19 109
A= HW, 2L 163byte?] TlolHE ML=
AL = dolEle] A =] F& ulo|EVPo|A
U 19 A$E 4lworde] ol A=W x|
ok, FEHO)EZ} 20| AY 390 AS-llE 42word 2]
tlolEE Agsjoltt dgstuxl 3h= 163byte2]
HolHE Az A2 4 Ut

rr

¢

W8

www.dbpia.co.kr



=% /| TCP/IP Hardware AcceleratorS $]3F Host Interface?] A7

TXMTU : 256 / Transfer TxData Length : 163

Transferred | Transferred Transferied | Transferred
Data Valid Data Data Valid Data

- . . - ;
8 8 8 5

12 12 12 9

. 16 13

160 160

[ I | ™ i ot o1
One packet [E I e

One packet

3%l 10. Byte Invalidol w2 Data Transfer

TXTCPBuff_wrdata_ack_HI

TXTCPBUff_y

data_ack_HI

12! 11. TxData Flow FSM

trans_wrdata_bKup>TxMDS-4

total_trans_bkup>=(«data_len+TxWidget

TXTCPBuff_\

* Segmentation

¥ 112 TxFIFOO| %% do|8E TxTCP
Buffere] A= 748 vERA FSMe|th HI=
TxFIFOY JEZ7} L8 sl TxTCP
Bufferdl] Ho]E] 2715 233 3. TxTCP Buffer
Controller24%-E]  acknowledgementE  ¥tow
TxFIFO9] H|o]E]E X}2|Z TxTCP Bufferdll A%
Sl "ok o] FAHCA HIZE AEsor & dHlolH
=7]7} Maximum Transfer UnitMTU)ET & 73
-, HIA HoleEMTUEY 2 Holg 2 e}
shte] FiFle] B0 dolE @9lE A Fo =N
TxTCP7} HIo|E|& A|l1dgo] A dof st &
9EE Stk HIVF ol#id 7les Fdse =
71| o= HIZF F ©9<] o8& TxTCP
Bufferol] #A7&st wj o] Ho]E]= Checksum E2%
WolR =R sl diZld]  Eojrle HlolE ]
checksum< Ex9] wrzz] 7] §lo] FsI=E
3171 fsideltk MEske dlojEle] A H=o F
F HllEE 1#ste HIZF AFsH He % o
B A7]E MTUZ A2A =¥, A5 dold &
a3 dolg =7)E MTUS Z2AY MTURTH
2 "ok 28 122 TxMTUZ} 256byte] 2 A
3l sl dlolEle] =7]7}576byted A ¢
o] FaS HlolE o w si7l §TxTCPE
ALGEE dolHY Z7|9 2 Holy F F&%
°lE|¢] Z7]E Holi Yok F-& nle]ErL 0]l 7
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Y 129 @)dllE 576byte] HOJE}E TXMTU
o] AZ7)256byte)E 7HA= F el SR YA
64byte] Z71E 7HA= sl dizlos A=dH)
o] 45|} TXTCP Bufferd] AFEW o] wj A=
teolHe ®F fFagh dolg ol vl Fanto
E7}F 22 BAHa™ 129 ©°lE 2o A9AH
A RS HREFNL MTU =719 R3]
tolBE 2 ool shte] sizjoz AlawEold
wo] TXTCPOllAl AZ=HA 3 7o F& dlo]
He A =9 2709 JFHOIERE Q3
256byte”} oFd 254byte7} ETh FHA IHFS A
grE 256byte?] HoJEl7} BT FESFANE AW
A AR = 992 HEsh] wiEe] UHA
66byte®] HOJE}E XEs}7] 9151e] 17word (68byte)
o] dlolE7} AeEa AgEE vixg Y=9 3}
9 2byted] HlolBIE F&3F tlolE7} Atk

Byte Invalid : 2 => 64words - 64 - 17 / 254bytes - 256 - 66
@ Byte Invalid : 3 => 64words - 64 - 17 / 253bytes - 256 - 67
'

J2! 12, Segmentation

* TxTCP Buffer Address Management

HIE=TXTCP Buffer?] F45 #2ske 7|5S &
85T}l HIE TxTCP Bufferel] #1738t 5 TxTCPO
A dHolElZE ARE FAES delFo] TxTCPE
TxTCP Buffer?] F45 & Fart A o
TxTCP= &g 7l gk JRE glo] &l A
Aslar Aokt g szl tigk ACKE
HIoA HIY %= == TXTCP Bufferd] & F4E5
&t HI= TxTCPEEE H|YL HE o
25 Lo 2H & F e HY IS FHIM
Hok HIZF #¥e] HolHE 2t #urt 715
A ol AES FASKL HHIE U w7kA] 7]
t#ol stk TXTCPEHE HIYE He HHFA
£ ol 27] 7Fed B FAE AR gl
tlole] o] Al A|ZHET} HI= TXTCP Buffer
7% o= TXxTCP2] Transmit Win-
dow”} 715 ZA Y o]’ TXTCP7} A5 wfj7lo
g FRE AT § gle Fed= dHoly d4
S A8 H3 TXTCPERE dHolg AL
A AR Eoe ATE e Foof "oy A

2 T A A
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* TXTCP Buffer Access Arbitration

HIE= A$3kai} 3= H°]E| S TxFIFOI A ¢
o] 9}x] TXTCP Bufferell #7343l TxTCP7} &
7IEE gtk AEstat shke A HolEEMTU
£ ¥A @€ uolE AVE AT #H3 WHE #
23tk HI7} TXTCP Bufferd] HoJE|S »E A
% RxTCP Buffer2 A~ 3k g9 o]
TxTCP Buffer Controller2}¢] handshaking?}73-S
E&] o|FojZtt 23 13 HI® TxTCP Buffer
Controller2}s] F#&  HoFu gtk HIE
TXFIFOd] ©olEl7} Y& 313l TxTCP
Buffer Controllero| 4] TxTCP Bufferol]l H3}7]
#1380 request® Hyty. TxTCP Buffer Controllerl]
AlA acknowledgmentS WO, 1 thol & Ho]
HE deolg w2 $o] 2%t Controllere
acknowledgmentE HUHAA] do]E W9 Ho]H
2 A=ysu oe 2 dolErt A=A =2
t}. TXTCP Buffer® H¥ 9A] TxTCPol $44
o] 7] wiEd] HI®+ TxTCP7} EAlo)| TxTCP
Buffer® <8175 93FH TxTCP Buffer Con-
troller= TxTCP oA $4¥ES FA v HIV}
TXTCP BufferE AFE-sl1 = E2to]2b= TxTCP
7} TXTCP BufferE AFE-317]E ¥shd TxTCP
Buffere] HTHS wol7|Al Ft} HI= acknow-
ledgmentE W3S wWivk Hlo|HE & 4 Uk

2! 13. Handshaking with TXTCP Buffer Controller

5.2.3 AMBA Operation

HIS} ©]%F RAMZHe] dlofg] ol UeJAHI
= Master2 FZ3A ©t} hseldl37} disable®
7Jejell A, AMBA Arbiteroll Al bus®] FHS 2733}
hgrantE Ho] 2% RAMe] Ho|EE &AL 9
RAMO A HoJEIE ¢jo] A Htt 2lE vo]
E 2F RxRAMO| AA3= Rx Flow2} Ho]H
£ AEe] faiA 2F TxRAMOZHE HlolH

oo [

o)

Copyright (C) 2005 NuriMedia Co., Ltd.

£ ¢]oJ2+= Tx Flow”} 3h}e] AMBA BusE &
3ix] o] ol XA Ht} 19 149 FH= statet Rx
Flowol 3l@33l 9= state= Tx Flowel 3133+
tlh FSM9] 7} stateo]] we} dlolg] A4S 93t F
A3}t control AFTES WEWA Hok "oy A
A= D92 o] FoX| ) 3 e hgrantol] WSk
Ho) 49 =4 AL A=A

£ o

N Amna
Ut T e
hant

{ axomr | a . ™
oA & M e

2! 14. AMBA Data Transfer FSM (AMBA Master Mode)

* AMBA Bus Arbitration

HI= uWHoRx FlowE $3+ RxFIFO$} Tx
FlowE $J3} TXxFIFOS 7}A1 glo] TCPS} HI 7H
9] doly HEe ME g2 H2E F o|Foizl
t}. a8y Z} FIFOS} 9% RAMZHY] dlojE] A%
2 3] AMBA BusE %3 o]Foxmz F
flow Alo]ol|A] arbitration®] ©]Fo]&o} 3}t B =
Fo| A &3 HIOlA = Rx Flowol] $XHS F11
T flowZFe] arbitrationS $J3f4]= Round Robin
W28 Ajelsltt 23 155 AMBA Bus Arbitra-
tione Holil =d] HI o] skt flowwto]
EAE = I flows 9314 AMBA Bus7} AR
=3, IDLES dejelA F flow’} 25 AMBA
BusE ARgsfol sh= A9-°l=Rx FlowZ 93} ©)

Rx Fow

|
|
I
|
|
i
Sy
|
|
|
1
|
|
I

2! 15. AMBA Bus Arbitration
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ole] A2 WA sl 1 thgell= Tx Flows ¢
3] AMBA BusE Aldl= A]om wzo} ApRds]
£ "ok

IV. Interface

* Interface with AMBA

HI= AMBA BusE o|83le] 4413k Ho|gE
24 RxRAMel| 227vf 9]4 TxRAMS| to[e|&E
ool ok TxTCPE AdslA Hr} ol I3 16
o] AFEL AHEH = o] AEE2 AMBA
Bus 83% 93t 41553} AMBAS] Master7}
SlaveollZ] ®jo]E}E 227} HolE|E ¢lol ] A}
5= Ale] AlEE, wlole] W2y, Masterel] digt
Slave?] &5 A5 FAEck o] A5E5E HIZ}
AMBAZ®] Master® 528=A] Slave® E2}al=A]
ol wje} slEZe] AA=c)

——]

hbusreq
hiock
hgramt

hsel

hwrite
e,

hburst

AMBA htrans Hi
haize

haddr

hrdata

hwdats

hready

hresp

12| 16. Interface with AMBA

« Interface with Hardware Blocks

olell =¥ 17+ HIel TCP 3h=s]e] &5 719
qlEjHlo] 25 el a3lech HI ¢} TCPo}e| 4l
E{#lo]2= =7 TCP Connection £-Z3}2] QlE| 7
0]2~2} RXTCP, RxTCP Buffer Controller2}2] ¢l&]
#lo]~,  TxTCP, TxTCP Buffer Controller,
Checksum EE3o] glefsflojx~g g 5 9ich

+ TCP Connection &3l CPUS| ==z}
configuration %55 %t} RxTCP, TxTCP %3}
= configuration #ES AT+ Aas53) 2 ¥
Z1e] Falel] W o] QR buffer AR, 1ol
o2 gt AlFEe] 23 Zith. 7z} Buffer Con-
troller2}i= handshaking 2 ®|o]e] ¢]7], 227]e 3
5l olg{slo]~5 7[x|w Checksum E-Zof vj 3
7] wF$]E checksum2 A4F 4 9l%==Checksum

B-Zof|7| packet valid 413Z ¥yich Checksum
£E-Z packet valid 4132 7} 5718 75 HI
7} TxTCP Bufferelld] 225 HoJg|E loly]
checksum-2- Al4kgkck

H, Cintovalig TGP
H_SciPAd
b

TATCF Bultar
Controller

Hisoat

Hi_nedey, P cogut

Cnecksum FaTCPBLM,

FTCPRAt ssann

P il onf]
T2l 17. Interface with TCP

V. Testcases

HIE $18k] the9] testcase 52 E|A~E &) Bolr})

AMBA Bus®}2] E#+

& ciedgh dloje] Z7]e ulE AMBA control Al%52]
52 2 eoj 2l

¢ Rx Flow®} Tx FlowAlolel|4]2] AMBA Bus AM8-&
£]&t arbitration &4l

Data TransferZ £|gF 3 &=}

& dlofe] 41 2 5=4lel| ujz} BD2] Ownershipg %29
#eli= 75 o5 BDR®] change 4l

¢ 415 dle]e}z) BDel|l #|4¥ =7|®c) 2 79 BD
o AAE  =Z7|ERE 9% RxRAMel  #|#Absla
RxTCPel| #7345t =7]el| g g5t el

@ RxFIFO®} TXFIFO2| 54} 3}al

& AFstara) sk dlelelr} MTUXEL 2 7§ MTUR
PETE BRI

o AFakaA sl deldls] 3 A= F FES vjol=
of Wi Hg dlole] 2] He) sl

¢ TxTCP Buffer®] 4 v 2 TxTCPel|4{¢] ACK¢]|
w2 valid address duio] & 3l

@ TxTCP Buffer7} fulle]”v} TxTCP Transmit window
7F full]l 7 dlele] g 2] 2 valid address
o] ER qlgh A4 Azt el

SFE st=del 2Ee 51

¢ CSRZHE 7k AH ¥ w=l5g TCPEEo| Hdsh=
A Zhel

@ RxTCP Buffer Controller, TxXTCP Buffer Controller
212} hand shaking &2+ &<l

¢ TCP +-52°24E]9] interruptel] w2 response §—1'°JJ
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VI. Synthesis Report

Synopsys®} Samsung 0.18 ©lo]aE 7|&E o4&
3to] Synthesis+ Z3}, HIC| areat= HI W%
CSR¥} RxFIFO, TxFIFOE X3sle] 173731 A|°]
EVl 2998 Byt

VI. Conclusion

Edle] HEsiEy HEmTo] AH|2e} e
19 HolE HYE S8k & ZEaYP] F
7 2 3 9] oz e Al2HlofAe] b
olf Az &% HE3F 1fko] aFHT Stk 2 A
THAME AZEOZ FEY HA FA Al
Hlo] WEHoR #83la 9= TCP/IP TRESS
s=dolz FHsle ZRAEE £ V&
o] AZEO|Z FHHYE TCP/IP Z2EFS 3}
zdolg FEg o] CPUY 2% RAMIT
TCP/IP 3l=9o] EE79] BAS $JiA Host
InterfaceS 733}l HI= <]% RAM, CPUS}
TCP 3t=sjo] AlolelAe] FAls Ak s
wd3ltl. HI= AMBA Specificationo] we} <&
RAMo|HY CPUG9 9 QIE#Ho]2~8t F4ls 3t
I TCP E53= AR dZF ¥2E Fsio B4
< 3 ¥tk HI= ¥#, Je] d2 59 control
flows 9sld o] CSRES 7HAH, ool
AMBA Bus9 Slave® 23Tt 9 RAMY
TCP Alololl X ALEE < Ho]H Udata flow?]
AL 9= AMBA Bus® Master24] 523+
t}. HI= Rx Flow®} Tx Flowe] dHlo]Ejdl] T}
MTU¢} HlolHE A34E = = RAM A7) w
g} MadEo]Ae $33sla] AMBA Bus ©]-8-9
loJA & FlowZtel AMBA Bus Arbitrationg 4
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