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ABSTRACT

In this paper, we propose a new network ASIP(Application Specific Instruction-set Processor) which was
designed for simulation models by a machine descriptions language LISA(Language for Instruction Set
Architecture). This network ASIP is aimed for an exclusive engine undertaking packet processing in a router. To
achieve the purpose, we added a new necessary instruction set for processing a general ASIP based on
MIPS(Microprocessor without Interlock Pipeline Stages) architecture in high speed. The new instructions can be
divided into two groups: a classification instruction group and a modification instruction group, and each group
is to be processed by its own functional unit in an execution stage. The functional unit was optimized for area
and speed through Verilog HDL, and the result after synthesis was compared with the area and operation delay
time. Moreownr, it was allocated to the Macro function ana low-level standardized programming language C
using CKF(Compiler Known Function). Consequently, we verified performance improvement achieved by analysis

and comparison of execution cycles of application programs.
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o] WEdA|i=(discard) #HZle] W3] LASkAL Q)
ole} e FAFo Z o]u] A& :E(access node)
o $1A& FFElouten)oll= A7 A2 F2E =
ol7] $13) Z+ EE(port) Mz oz 7§e] ZzAlA
5 WEZ Fo] *2]eKthroughput) S =2+ W
o] mspHor AR gk ojeh 2 LA
A& ASIP (Application Specific Instruction-set
Processor) 2.2 7ikel 79~ W8 3 A|x(general
processor)L}  ASIC(Application Specific Integrated
Circuit) &2 7kt 7% uvl3l] wle] &xbAdo]
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1€Eﬂ°1‘d wdg Fsiglch stese] 7H4st o
Z12 NX(Network-eXtension : extension instruction
set for network)e|2} et F71El o] 23]
218t} NX "3o]= E-Fo(classification) ™33¢]
253 W3 (modification) ™3] ZLHFO B o]Fo]
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)71 EAl(packet communication)2- 7|HEeZ 3}
= 2REelME 8 o] HA7S i (parsing),
H-F(classification), 3 (modification)¥} 72 3]
< AsiRl AZE el Asfol g} ofuf v,
Hl3, SAW|EL] W3l 5o dite] HIMSHA 3

e,

2.1 2& ot
fﬁgr(classification) Ao += 7 (parsing) ol 4]
F=uoAl Fvle] FH F 1pval] Al T4, 4
T Al xE A B ZH19] 5-Ftuple)
ot} IPv62] Ao ZZ-$control flow)E 2els}e]
=5 sl "ok olE flste] Hels: =4
(lookup)& 3o S0l FHFlell 3] oEA =i
2 AARshzdl, 2xEde] A2 A= 23 13
#+o] LPM(Longest Prefix Match) H]_qu] gy A}
S5 glrh o= HelEE Mzl 2 ]'3}*‘ :]
2] 7}e] SlEE(entry) T 7HE el o i] = <l
2e] g FE ol 55 AAA "ok ]
et HAZE DA A=A 1‘:}3]—71] ek ol
gt °‘i/ﬂ'—§‘v°~ FE S odlelE 32 7 dlelEe]
o] vkt °]Z]5}*“7<]% ]Hf’ﬂ XORE
H HlEY wlal diks AAlsle] MSBellA] ]
Azt 7|45 Al719)8] CLZ(Count Leading Zero)
A gt

i offt o}m

10.880.0 | | 10,8700 |

Il 1l
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|=\=I°\=\=\°|°\°\°|°|°|=\'| 1]

| Clz=12 |

% 1. LPM(Longest Prefix Match)®] ©i
Fig. 1. A example of LPM(Longest Prefix Match)
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2.2 H{5{ odAL
W¥(modification)o]2t 2FeE]ollA] HZlS |7}
F3le] sl WAllA] SHe] dF HRE S
g5 2vlei, ojuf H|E ~EF °ﬂ*&<’] LG
A =l FAF dX sl XE AHEE 5
< wpaze} Ak Qdate @ shssiAuL,
= 1o]v} 002 A o, 54 v|EY
= eEsel & ), == AR AdS 3] ¢
Al B E 29]9] gite] shsslof gk

II. RiStsh= B
vlE= B Aol glo] wiHs] HAs
kg ANske WEelzA 1R WAT 0T
F "ol ZF<(classification instruction group)»]—
=4 HlES] SAE WIA7le WY ¥ aF

10

%mﬂF

(modification instruction group)2 A|3Fstsivk

31 2F HWdol O

B e 25 £ 570 HER FAE
sow, 7t mEdofo] oigh Adw-> i 1o HAIEA
Qe w5 o] Aol Fri a9 20 =23
=o] Qlrh CLZ wEol= o HIRZE7) dhe]
], CMP$} CMPCLZ "#HolEs F 719 4 #H#A
2EE Zom, MCMP} MCMPCLZ "#ol= v
ez HRA2EHE Zheth

ilm 32 B HEel aF T P B
7} & MCMPCLZY] 52 dels kA3 & o
%O]E}. maskl1¥} mask2+= 27} src_reg3, src_regd
of afgglc}l.  src_regl®}  src_reg3, src_reg2<}
src_regdS H|EW ANDSXRS 3 F 7
result] ¥} result2E 7+ w|E W= B3k 754Jr7L——
MSB(Most Significant Bit) Z%E 02] /N5 7h¢

I 1. classification ZE5-2 TFAISkA Q)= wEo]
Table 1. Instructions of a classification group

il EE

1s19] 3 1s29] 7} WIEE wlusle] &
AsPA rd = 0, TURA] e d = 1

ez |SISL @A 10] AstElA) el oo

N4E 71 (count leading zero)

CMP

Instruction set

opcode[6] ‘des(—reg[ﬂ‘ sre-regl [4]~ src-regd[4] ‘ func(6] ‘

T
—— 7|
cmp clz cmpclz memp || mempcelz
000001 000010 000011 000100 000101

Classification Group

T

classification OP function
rd rs]l rsR rsB rs¢

group code code
CMP 110110 | o | o | o | x | x | 000001
CLZ 110110 | o | o | x | x | x | 000010
CMPCLZ 110110 | o | o | o | x | x | 000011
MCMP 110110 o [ o | o | o | o | 000100
MCMPCLZ 110110 | o | o | o | o | o | 000101

2l 2. classification ®&o] Al %
Fig. 2. A structure of the classification instruction set

mask1 mask2
[ e ] [ [ e ]
care care
src_regl & src_reg2 &
[ofofo - L] Lolofo e [o]
Resultl i Result2 i
[o]o]o] oo [ [o]o[o] o (]

‘ Count the number of zeros ‘

Leading Zero Counter

T2l 3. MCMPCLZ ™#019] Fx e
Fig. 3. The operation of MCMPCLZ instructions

Esje] Zejsls gedelolc,

3.2 Hy o

Wy wEe] 1 X 29} 7o) F 479 =
o]® A o] ‘3}‘“/}. 1% 4= WY “§E§°1 254
mejo] Ale] F2E woiFrl WEHe] Al 328]|E
2 A= glem 6H]EL] opcode, 17 4B]ES]
FAA] HX|2E(dest_reg), A2~ HRX|2E](sre_reg)
146 3712 3 47he] dAzE® Aol Sl
3k LSB(Least Significant Bit)oll4]HE] 68| E=

2d 01 :)_E

E 2. modification 155 A3t e WHEo]
Table 2. Instructions of a modification group
3

CMPCLZ |cmp + clz

ool SR rsl3 w2 27} vk
MCMP | 2ol #d3h= 1533 1s4 = R
(masking) & ¥ cmp

MCMPCLZ | mcmp + clz

2Jo] A
SET |EA v|EES 12 A
CLEAR |[EA4 H|EES 0o Zalo]
B4 wEEe] Z7te] v|EES v|wsl] Fd
TEST |5jml 1d = 0, El8}x| stom rd =1
Lp |58 MIEES] A7) MESS 02 18, 1
0°.2 H3k(flip)
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Instruction set

opcode[6] ‘des(—reg[ﬂ‘src—regl[ﬂ‘src—regl[l]|srcfreg3[4]‘ 0000 ‘ func[6] ‘

’ Instruction Fetch [IF] I

i From

oo e wois ] l Instruction Decode [ID] l: Reg:::;me

Modification Group Forwarding

mowp | code | ™| ] 2 m3 0| TEG Excouton X -

9 Branch

SET 110110 o o |0 |0 000001 [ awe J[ aw J[ s [ owor Ji- 2

CLEAR 110110 o | o |0 | O 000010 Forwarding
TEST 110110 o | o | 0o | O 000100

FLIP 110110 o | o | 0o | O 001000 l Memory [MEM] ]: dmem

imem

2! 4. modification M&o] A FZ
Fig. 4. A structure of the modification instruction set

src_reg2 sre_reg3

[ [ [ [ I [efofel - [o]

o I R S T

02| 5. TEST %W#ele] e
Fig. 5. The operation of TEST instructions
7% FE(function code)l =g}

src rega EJJ B]E o:]oﬂ_q] /K]X]— H] L],E}
Y, src_reg3< 54 H|E o] Thj= H]E%_’—
vepfAl Hc} o] FHE-2 sre_regl®] e 54 v
E d9E veplin, ole 7le Izl vt Ak
7} MUXolA Adel=e] dest_regoll Fro] A=
tt. 28 5= Wy wWEe] Al 15 oAl TEST
wejele] F2b delE 418} g Aotk

_4

V. Mokl WEST ASIP

41 HE ASIP

7129l wEo]E Ag)d 4 9= e ASIPS
32H]E MIPS-DLX RISC(Reduced Instruction Set
Computer) °}71€lXE 79ko g T3] 63} o] A
Alstdck ==3F 2je] o 22| (instruction memory)
o} dlole] wx|(data memory)7} 2]¥ FH=
o}7)€l*|(harvard architecture) -2 A3} o
55+ slo)xzlel  EFo|tHIF(Instruction  Fetch),
ID(Instruction Decode), EX(Execution), MEM(Memory
access) and WB(Write-back)). EX A9 7%
Y(function unit)& ALUO, ALU1, SHFT, MULT
2 FAE] glen o]F Fal r|EAl Ak ¥
2] WEdo], #7] WEol, Load & Store "],
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l Write-back [WB] I:To I:lgeister

T2l 6. AAIZ #W-E AsSIP
Fig. 6. The designed general-purpose ASIP

71et 7] 55 E 5 slrk

4.2 HES|3 ASIP

Hg ASIPol| % Z2AAL 93] NX HEof
2 2k, ol @ Aelel skl s NX
715 1S EX el 3713 U EY = ASIPS A
Al Ak

10

>
oL

N

Z

T ApolES
CLZ w#oie} 7“’ Zfells dubAgl
ofu, CLZ2] 7-$- MSBEY-E & H]E%} 07} u]
aste] 1o] vg wizix]e] 09] s Als W]
o]7] wlitel] Z <] FZ(worst case)°ﬂ/‘d 3280
o] Z|A =}

ARk NX m5o1E #|813}7] $13)] LISA(Language

3 3
3 01 A=A

—

hs;

—
O

3
73

232
o }:'l

ol-}l

=

T 3. duHal wEel® NX #HoE Faslils Al

"éliéxc’i 73%4°](Cycle) {gglslt (c:zsc;)e
mcmpcelz | cmp(2), xor(1), clz(1) 4
memp cmp(2), xor(1) 3
cmpclz cmp(1), clz(1) 2
clz clz(1) 1
cmp cmp(1) 1
flip sub(5), shift(11), not(1), or(2) 19
test sub(3), shift(2), cmp(1l)
clear sub(3), shift(2), not(1), and(1)
set sub(3), shift(2), or(1)
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mempelz cmp(2), xor(1), clz(1) I
memp cmp(2),clz(1)  —
cmpclz cmp(1),clz(1)
clz clz(1)
cmp cmp(1)
flip " sub(s), shift(11), not(1), or(2)
teat sub(3), shift(2), cmp(1)

clear sub(3), shift(2), not(1), and(1) |

get sub(3), shift(2), or(1) |

M Best-case M Worst-case

[rerest [ f[reres |y | st |y [reress i reess Jy[rerest

Mask Generator

2l 7. U_classification®} U_modification
Fig. 7. U_classification & U_modification

for Instruction Set Architecture)S AMg-3fe] 73]
s STk NX 3ol o] J7iEl vEL=
ASIP> CoWare tizlel #19ielzie] HDL AA7]&
ARE3le] Verilog HDLZ AJA3slAh. NX w2do]
= dlol=zelsl 554 F ID wHAlelA] opcoded E
3 ©]Z= =v, opcode”} ‘110110°¢]H EX =H|
9] U_classification 2=, 0pcode7} ‘110101°°]
W U_modification S22 dlo|E|7} 41&=]o] 7]
T F=e wEt 2] o Ay AAE T8 A3
zro]l Y=l 3IARE CoWare TIAIR1 F5hdz] 9]
HDL A47|5 %3] 4% Verilog HDL 252
A} =HA 2 AdEje]r] Wil WAHe] &&
9 A3 &erb "ojzic) wEb T 9] 7l f
ylel AAsdS ¢lsl HDL AA71E Sl A=
Verilog HDL-S A|29¢] 2Md(hand-written)&+ Verilog
HDL=E *|3ksled A3} sjgiet. 18] 722 11 6
o] EXwHlel F1E A3 U_classification?}
U_modification?] 7]%5 F& =213k Zo|c)

5 W3e] 252 U_classificationo]gl= 715
frlollA Aelslch 75 229 [2:1]0 sldsh=
HEE= MUX29| ZIEE Als= JHsEch nkek
[2:119l &fele vlEZE 2% oold cLz @ o

2o 5 oWl E, MUX2+ 022 o)1zl 32bit
e 3 ke [2:1]¢l dHele Vs Z=o)
00°] ofd Z$-olli= src_reg22] HlolE|7} E¥=ck
7% F=9] [2] bit> MUX1¥ MUX3e| AEE
Alzz A=Y, 19 % MCMP o}
MCMPCLZ "3efol| sdslea 27 src_reg3 o
src_regd®] #e 33, 0d A% 47 32°bl &
=93} 7% Z=9] [0] bitS> MUX49] HEE
AB 2 AREA, 19 A9 CLZ £33 AR &
o] EH=n, 0d A% CLZ E5& AAA &2
Zro] 25k CLZ 222 Leading One Detector”
2 AAEL AATS TEsisich

W3 o] 1HE-> U_modificatione]2R= 7]
A 2] Ee) sre_reg29} sre_reg3e] 712X
7+ Mask Generatorol] $JE=e] 5A H|E ¢
1, W] -2 0o = 32bite] gro] =
2]
B

i

A
oo e ofr

A
o

Mask GeneratorollA]l &35 23} src_regl2]

Bit Engineoll i#=]e] We wjole]| sldsh=
7HAl dite] o] FAltk 471l odake] A
MUXO0el|A 7|6 F=2] 319] 20| ES ZIEE
2 wol EX/MEM Pipeline Register2 =5t}
o9} 2 HAIHE NX frHloz dsle ddE
QrollA] & Ae]F 59t NX w&ol7} X=|=c).

)

r
fo o 1

r)f
fol

V. CKF

cHMe] ofZe|Alel el H-&slr] flste] el
27} deshA Hek spAnt WE ZEAke} de
ASIPZ W]l Aujelel g 25ty 2o 5
Ak = QI HAH-EE Sl AR AHukd
27} a3k "ot o5 sl & W] AlEE
CKF(compiler known functions)@ | s}e] sz}l
#HE AL ol dHAl 5 355 3
%3l CKFell 355 ¥93le] 22 3¢ 35 o
= o= glo] cold vimmEA Apgse] 4
 odck el A" NX HEHe el o]F $3t
716 S Al Ee] ojEeiAlelAdelA ARS-E}
7] $1aiAl AHzhdefel] oJ3t o] Fasirt

cMelA AlkgE HEdolel] sidshe Adite] &
7hedt 2 of A, Ze e qlAtelld Algel
golsh] s it Aol 204 Be
FE Apo]zrt Aps] Axlvhs wxle] Qo =gk
o Z HAle oSS A ojAlEE )
Hhell gle] WEe] 47 SRRtk s S0 LPM
(longest prefix match) 34 Colel=2 3istelwd

i
\*}
o
4
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unsigned int 1pm(){

data = (A&B)"(C&D);

for(i=32; i>0; I--){
tmp = (data >> 1);
if(tmp == 0) count++;
else break;

} return count;

T} oleidt ik 31He] F|ZE abw) o
o] FRE akeadile] o] FojRmE ZRAA 9]
ollA 2 o] Hvd A Astell 2 dFE v
27 Hcy 53] lookup Elo]Ee] A4 A <lEz
7 B AT olF A flsk] B2 Azl

Lasjel ), CKFE Bele] ofals} o] ojetn
Helo] Al duts|] o 7AM zels &3} I

% slek

unsigned int lpm(unsigned int A, unsigned int
B, unsigned int C, unsigned int D);

A%} Ci= 1513 s3] AFEhs 3R vlalw o]
of & Axolal, B9}t D= 129} rsdol] == gk
o2 wkazoll oA LPM-2 ‘mempelz” ™3
Hol® dduw], vpash & F R dloelE v
e dvh A=A ThEESst] A3} A~
Hloll Aedsh= ov} i, Wa el 259
set, clear, flip, testE 9|3} olelje} o] AJ3}ic)

unsigned int prset(unsigned int A, unsigned int
B, unsigned int C);

unsigned int prclear(unsigned int A, unsigned
int B, unsigned int C);

unsigned int prflip(unsigned int A, unsigned int
B, unsigned int C);

bool prtest(unsigned int A, unsigned int B,
unsigned int C);

ol W¥ w#o] 2F9] set, clear, flip, testoll
AZEY Ae slell ke whoew AT A
2Efolr BE rs2el sely] Azt Aol c&
rs3ol] sl FX ol sl prset, prclear,
prflip & 7 X5 FASA|NL prtest= B]2gH
A} 2-2A] E-AE true, false 2 g

944

VI A

ok

% 23
6.1 M71|6 Zt ASIP2| gtAMZ T}

/\471]3} 37].;(]_,] ASIP UE“_O,] €lf:]—/-]7ﬂjr,],o]1;]_
A WA 5%1" NX 7% yle] 23] o2 W
4 ASIPolt). 7 WAl mele NX 7]% fule]
o] glem NX 715 FUHls FHssA] 42
mdolc}, wix|Rt el F A mds 2 sigh
HEHog Agkshe mdolr). Zhzke] ASIP wdl
= 7|EAo R LISAE F3l] s =Hglon =
ZAA txle]u(Processor Designen) & £3le] A
Edlole], FA, C-FAde], JAE, HHAE A
33kt

E 45 AR~ grlel 73k #(Synopsys Design
Compiler) & AF-3le] 53 0.18 CMOS o] He
22 34519l w NANDQ2x1) A0]E(9.9792) 7|
9] AA wAol}. A|eF FA(constrain)e worst
case 2 A|EEl] A3l HAselA] e T
WA ASIP 2do] 79 NX 7|5 FAls 76l
owug g ASIP| Hldle] 7.5% wHo] Zrlslsd
om HA3RE Al WA ASIP el A9 WHE
ASIPel| Bl3l| 4.7% w1H-e] Zrlslich

5% EX W9 4 715 fulEe] WAy &
2 &xg vepdick 55 ﬂMi‘D’H oA EX A
7F o2 2l wvjE s AElSert =ejaE,
EX @9 7% f4Yl & Aulgert b =1l
Yol 23] AA ASIPS] F2F Tkt AL
g4 A3 FAMultiply) A4re st
U_MULT7} Hgl&%r) 7P =2]= 2 U _MULT
o] Azlseel  IDEX  Fle|zzil  HR|2E,
EX/MEM slo]Zzll #HA|~Efel|A] Q== AZE
< 27 sk AA ASIPe] B Fukr AA
el 34 A3 52 Fs= oF 156.5Mhz
(6.38ns)2  AA=AULE  FA FEk Sk
U_classification®} U_modification 7]%5 -5 A3}
3 dar) gARL FA ik H8E 3R] @
el A2E] 735 U_classification®}
U_modification 7|5 52 3] &£To 23] A
A FREEeE AAEER T ol fUe 34

4. 7t 2Hle] F WA (Eq. NAND2x1)
ble 4. Total area of each models

; Rl

Basic | Non-optimized | Optimized
Total area[gata]| 80840 86922 84670
Normalization 1 1.075 1.047
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/AR Z2ANE ST 2L WEe] Al B3t A7

E 5 EX WSl 4 5o w0 5 S
Table 5. The area and the operation speed of each units
on EX stage

Area of functional units in EX stage

10000
5000
8000
7000

6000
5000
4000
3000
2000
] =
U_Classifi

U_ALUD ¥ K umuLT | - U_specific
«cation

Area[gate]

|lNan-apt\m|zed 2076 405 ‘ 3363 ‘ 8758 763 4520
|IDpt|m\zEd 2076 105 ‘ 3363 ‘ 8758 373 3312
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