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ABSTRACT

In this paper, a design of RISC-based transmission wrapper processor for TCP/IP protocol stack is described.
The processor consists of input and output buffer memory with dual bank structure, 32-bit RISC microprocessor
core, DMA unit with on-the-fly checksum capability, and memory module. To handle the various modes of
TCP/IP protocol, hardware-software codesign approach based on RISC processor is used rather than the
conventional state machine design. To eliminate large delay time due to sequential executions of data transfer
and checksum operation, DMA module which can execute the checksum operation along with data transfer
operation is adopted. The designed processor exclusive of variable-size input/output buffer consists of about
23,700 gates and its maximum operating frequency is about 167 MHz under 0.35um CMOS technology.
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Z =g o] 2AL uetoz & load-compare-
&-branch®@ 3 & Al&3ld, flag load, compare,
branch W#oz FAd 7|& W@ 23S 1/3
2 2ANZHY 4, volg vxele gEo b
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g Ee 202 k= B DMA & Fol dlo]
H w=Z & A8l ¢& RISC B3 L WH=z
TP = e FHE AT E FAY. AA, od
#(Annulling) 2] 7]%& 2zt 7] 9435-¢ A9
ol of3) 7] dHe mE Y45 AS}E HAiss)
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g PR FNE =FA A8 6T

dedee #HXAH g vadto #7103 ¥
e TT3AT A, TZEF dREE A
7} 9E(word) @92 o] EHS &83
o, 9= 7Y d=do] P& Zx oy b
olE 9} I} 9= (halfword) HolE= AJZE HH
S o} &3td TVHHLE ANYI}EF Y M
A, ENZ ZZEFH vjo] &3t F wE
2o AZE dvlolelt Big-Endian ¥3 FH 3
(unsigned) ©iole] ¥4E& wWEY. dFA, RISC
ol TCP/IP F& o AME-H3 t& ¥ 7]
¢ FYHA &7 HEd a3z A (Task
Switching)2 Yo 2 3= AHUEE AYslx &
i. E¥(polling)oll &3] F2 /AAI% TEE 3=
g dedletach AHA, TCP/IP ZEEZT
A5 7] & of, 28 €] pushd} pops T8 E 3}
< g4 3&% HEA 2¥HE AdA g1 F=
H X (loop unrolling) 7|H-& AL =E IHTL
olgg 53¢ 39 32 HE RISC T2AAHE
Z2EE A Ao HsA 19 6, 1™ 7
7B 2e whA 3% 2, 30709 BHE A

2t}

Tnsiruction TFunctions 0P Comment
® Rd ~ Mem{Rsl+sign_ed(offsef)] 0 Load Data from Memory
1/ 4ddrf10] : no use (word-aligned daia)
o MenfRsl s esofie)] ~Rd | (o Store Data to Memory
1 3ddr{10] : no use (word-aligned data)
(@) memory reference instruction
cod |1
BEQ 000 [ If Rercl ==Rsro2, PC + PC + sign_ext{offaet << 2)
BEQI 1 If Rarcl == Imm << (BS * 8), PC + PC+sign_ext(offset << 2)
BNE ot 0 IfRerc] =Rare2, PC - PC + sign_ext(offset << 2)
BNEI 1 1If Rercl '= Imm << (BS * §), PC «~ PC+sign_ext{offset << 2)
BTST o10 ° If Rsrcl end Rev2)==0, PC — PC + sign_ext(oflset << 2)
BTST1 1 1f Rercl end Imm << (BS * 8))==0, PC ~ PC+sign_ext(offset << 2)
BTSTN o [ If (Revcl and Rarcl) 1=0, PC + PC+sign_ext{offsct << 2)
BTSTNI 1 If (Rercl and Inyn << (BS * §)) =0, PC ~ PC+sign_ext(offsel << 2)
BNZO 100 o If EXT_signal 0 ==1, PC « PC + sign_ext(offset << 2)
BNZ1 101 01 If EXT_signal_} ==1, PC +- PC + sign_ext(offset << 2)
BNZ2 110 (01 1 EXT_signal 2 =1, PC + PC + sign_ead(offiel << 2)
BA m x PC + PC + tign_ext(offset << 2) // branch
(b) branch instruction
oP I Fu : :
ADD 000 0 Rd ~Rsl +Rs2 /Junsigned |
ADDI 1 Rd « Rsl + zero_ext(Imm)
SUB o001 0 Rd « Rsl - Ra2 // unsigned
SUBI 1 Rd — Rsl - zero
LUI 010 1 Rd ~ (Imm <<16)
SLT o1t '] I Rsl < Rs2, Rd + 1 else Rd + 0 // unsigned
SLTI 1 If Rsl < zero_ext(Imm), Rd «~ 1 elseRd «— 0
AND 100 0 Rd — Rsl and Rs2
ANDI 1 Rd < Rsl and zero extImm)
OR 101 0 Rd ~Rsl orRs2
ORI 1 Rd «~ Rsl or zero_ext(Imm)
XOR 100 0 Rd - Rsl xor Rs2
XORI 1 Rd + Rsl xor zero
NOT 111 x Rd ~ NOT(Rs1)
(c) compute instruction
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Tnstruction Functions opP Comawen!
SHR Rd + Rsl >> shamt ] Logical Shift Right
SHL Rd + Rst << Shamt 001 Logical Shift Left

(d) shift instruction
ag 7. 3yo ®E
Fig. 7. Instruction set

B 39 RISCe= 7]& RISC T2 M A9} 22
S 27 BEE 23 YojH, Brld gas
oY =& FHa3T F A& v, DMA A
o}7]e] AR e EQ2E A3} FH B,
71¥€ RISCe ZA¢ BH  HAXEY  load,
compare, branch 5] 3719 WHez FAH=
o, ¥ A7 RISC T2AMNS A$ Bd uE =
2l B¢ HY BB ez A shssheg 34
o) Z= AVIE FY 4 Uk 1 32 HE
RISC 3ol MIPS-X RISC ZZ A A8} f-ALetA 5
GA e gelzaql FZE 2t JuH10] A A
A% RISC Ao 3ze o=l o}y
(data-stationary pipelined controller) ¢} A< A
o] 7](global controller)2 F/4®c} AZAQ ol
Z2l F3to] obd Al Ao, A Ae|, AHY
E Aojo] A Ao717} AHEEed, 1Y 85} 2
o] 4719 FHE Zeth FUsA AdsHE A9
7t 2l All(Reset) AT 1H, 2Alo] AT 3¢ Fo]
Z2Qlo] FlushH 3 sjolxaiele] 3dA(IF, ID,
EXE)7} 92 d7}A so] Ll tig A A
o7} ®asi.

Resct_F_Edge

Reset_F_Edge*

3% 8. RISC Z2MAMoj| chst M Ho{7| del=z
Fig. 8 Global state machine of RISC processor
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el 3§ molxellel] EAste HHo] el A
AL 3R 2IHxE Yt = Valid HlEE HY
Aolr]e} £71 W Fof 95 022 HAHt 1
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AHE-31R] @8 RISC U5 A4 & AMg-3he B EH o
A7y AsEE, fiZlY xR HE & Fol
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S@7HA Ak A4, 1A =8 44 )S }4d
t}. RISColA AL&-3F wjd A|ZE 32e ¢£§ol
F(rotate) TFE XNPaA P31, B logical
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71& 91 g A|ZEd v]s) @318 Funnel A| ZE
TERE 72+ JH10]

34. &8¢l A2A A 715E WZE DMA
A o7l A

B d7dMe A2 34 HEd 41 Ao

¥ RISC =oj7} 9281, dolg olF &g 1

4:3}1317] 93] DMA(Direct Memory Access)ol <
@ vl A4 $ae st &, DMA 52
Al RISC Zolr} FA =& thalo} dlolE mize
(Packet Memory)& A8-312] & t}& B o] &
8 7tz sty i A=A AN FF
e 16 BlE wolEd tal 19 ES QA's
complement addition) FAFE o]&3lad FTHHAT
[11]. 2¥y 2 2253 2d Z2AA YR 32
HE dlolg WAE Zt3 glovn, A3y L
32 BlE HolE{7} 168 EZ U o] ¥ X
dnEFES AHEIAT &, HFHLE Fojx 2
M) 16 BE A ths) F719 16 BE 19 B
F e FUs 3 16HE A2NE 9A 8
o mehd B AT AZRe Aderl 98
Hr o] A8 =9 o] Fuldle] Y& RISCE A}
$314 g3 AIPL ANE 5 UES St 34
< A3ty 283 DMA A4 A& A=A
S AN F ASE 3t I3 O W=
FAE AAE # JA=E A A=A AL 7
& 7e DMA Aojrle 24 3744 7158 %
o A 53 REE A2 AL &R0

3 DMA F3%& £33, + dAd 53 2
AZ43 DMA 522 Base] Atsle =

[ {n gt
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Sq br_F _Inc_hw
IR_OP[31:26]
Rst sel FSM
Q
OP[O)/bit27] BL30YTY [29:271//0P @éyn Reset
/‘f 2 ;oPmyLit2] L3 J:
VE HL-edge
[ 2-to-4 Dec ] [ 3-10-8 dec ] detector
LD_STO 1 2]%_5@ 012}34567 l
; ] Global
FSM
Br SLT
i LUl
< 0000 X
-~ B —
“{_mux J

[LUT sel JALT_con[3:0]] Imm_sel |

] T
[ R4 | D_out Ea [EX_RF W]~ 2P
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3 . p
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[(R4ID | D out ID |RF_W.ID| BR_ID |SHF D | SHL ID |
I I Lu —

_Inc_hw
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Fig.9 Control unit of RISC processor
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B FARFATGE =E A Agd A6E

ot wiAEe 2 A WA FF Rt DMA %
Z1E8le] dolel Af Fol A2 7evteE 43
e ARtk o] Z% DMAE +£xH4%] d
o] Ae & A3 AT ZHA o AARE A
A e ol FF 2E 739 DMA o
B g FRAAHE RISC/ Ads =29 &
of o3 s¥Ect 1Y 108 MIAH JARs X
H5 A & DMA Aoj7]o] digt BEEEE v
At

DMAS DMAD
Ready DMA_brv
Status Register
Reset
[ Mode ]
DMA_WR
—
DMA Local DMA_RD
Data_Bus —[:1__1 Control Unit Checksum
32 Source Pointer |pRgee
T S_Adde
D Ak
LC_ONE

2% 10. DMA Ex|el 28k
Fig.10. Block diagram of DMA unit

DMA Aolrl= R 2o A 2H, Z93
F428 7tel7l= Source Pointer, S &2 $4F 7}
2]7]= Destination Pointer, 18]35 A3l 4=
+ AHYE Jehd+ Length CounterZ FA®ET}
RISC Zoi7} 3719 #HA2HE T2 a3 A,
2= YR2HA FA% S A HH oA
S DMA 5& 9] JfAIZ Q143lo Az 75
Zgels DMA F3 o] o]fojdrnt. UlE DMA
Local Control Unit& DMA 533} &7 Aad 5
AL Aojste AT E DAY, i At A
F X ¢35 AH @A 2E(Status Register)S
& gelFEoh RISC vlolz2Z 2 M e A #
A28 ZEE #EHA DMAY 3 985F ¢
= AA Bk 29 112 32 HE dlo]E ¥ ge
FAEA, 16 viEYA o] BlEz Helste Az
A d4 sz E Jebdoh TCP/IPY A=dE +
A3l A5 DMA F2H59] dHolge & 7A8td A
ANE FY3ted, 32 HIE QA7 opbd Alel A
8l 7}b7)(carry select adder)E A3 2719 16
HE 19 24 QAYI(E BA)E A 7a
ok & Holg ¥ IS DMA_IBUF # X2 d)
A8 FAG7E g AtolEd diS 3,
HE Ave 16 vE A i3y F719] 19 RS
Qs T3 FHEIT
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32 External Bus

LD_DMA_IBUF

DMA_IBUF

3 11, HI3IM AL =2
Fig. 11 Checksum calculation unit
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