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A Novel Instruction Set for Packet Processing of Network ASIP
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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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32! 1. LPM(Longest Prefix Match)®] ¢l
Fig. 1. A example of LPM(Longest Prefix Match)
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src_regdS BH|EXW ANDSARS- 3 F  ZHhe
resultl® result2 & 7+ W]E W n|wEH 734‘%% =5
MSB(Most Significant Bit) 2%E€ 02] 7§55 7+

E 1. classification 2152 TAISET gl ™aie]
Table 1. Instructions of a classification group

oo 4 v

CMP rs18] gk rs 29} 7z} W EE wlwsle] E
A3 i - 0, T34 9ol rd = 1

Clz 1519] FtellA] 10] AzEER] "o 02
N5E 7HEE (count leading zero)

opcedej6]

classification | O | rd |11 |rs2 3 rs4 | TUe"
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

8l 2. classification ®#ol Al 7=
Fig. 2. A structure of the classification instruction set

__ sroreg
0 0 0 eeene 1 0 0

Resultl " . = WRresultziii
0 0 0 1 0 0

13 3. MCMPCLZ =¥eie] £2t g
Fig. 3. The operation of MCMPCLZ instructions
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¥ 2. modification TE-o AL e HH
Table 2. Instructions of a modification group

35301 4

CMPCLZ |cmp + clz

Zooll siudshs 13 125 ZH7F vwps
MCMP EL KH‘%]—— 3% 4 B vpAT)
(masking) & ¥ cmp

MCMPCLZ | memp + clz

SET |54 RIEES 1R A"
CLEAR | & ¥|EES 028 Felo]
e e P e T 5
TEST laj=d vd = 0, 90817 2o od =1
=4 BEEY] Z4zte] vBEES 02 13, 1
FLIP \yo 2 wsiip)
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3! 4. modification o] Al 3=
Fig. 4. A structure of the modification instruction set
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Fig. 5. The operation of TEST instructions
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rgr:;iglcatlon c((?(l;e rd| rsl rs2 rs3 0 fu?géleon Execution [EX] Bt‘; ’:::h
Branch

SET 110110 [o [0 [0 | 0 000001 Lo J[ oo |[ swr [ wor i e

CLEAR 110110 ] 0 (o] 0 000010 Forwarding

TEST 110110 | o o | 0] 0O 000100

FLIP 110110 1ol o | o |0 001000 [ Memory [MEM] I: dmem

| ‘Write-back [WB} To l}‘:lgeimr

32 6. A2AF HE ASIP
Fig. 6. The designed general-purpose ASIP
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Total Cycle

e
o] | B°H(Cycle) (Best case)

mempelz | emp(2), xor(1), clz(l) 4
memp cmp(2), xor(1) 3
cmpelz cmp(1), clz(1) 2

clz clz(l) 1
cmp cmp(1) 1
flip sub(5), shift(11), not(1), or(2) 19

test sub(3), shift(2), cmp(1)

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

set sub(3), shift(2), or(1)




mémpélz cmp(2}, xor{1}, diz{1

cmp(2), clz{t
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)
1
)
clz(1)
}
sub{S], shift(11), not{1}, or(2)

)

sub{3), shift{2}, cmp(l

£ sub{3), shift(2), not{1), and{1}

sub{3}, shift{2}, or{l}

® Best-case 1 Worst-case
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Mask GeneratorollA] 3= 33} sre_regl®]
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7EA] adale]l o]Fxlr) 4r1x] d4ke]l Awghe
MUXO0olA 715 F=¢] 319 mES AES A5
2wl EX/MEM Pipeline Register® g%t}
olo} & FHAIE NX fHoz H3le doE
aboll A g mlo]F EF NX o7} Aeldoh
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V. CKF

cHe] ofZe|Aoldell A galr] 3te] Amd
27} F8sbA gok AT WE Z2Axe) He
ASIPS dHbdel Fulelel 2 E5sh Bo 5
AzlEl 3= A HASE el A2 AHukd
g7} Fa3tA ek o)E 8 A wEo AEE
CKF(compiler known functions)® 2|45t #Hx}d
#HE AT ol dikAal ¢ ES 34
WA CKFel| 55 d9sie] 22 5 55 o
2= glo] cHMl rjzEex] ARgwEe] A
itk elld A NX wEejel o5 2lgl
I s A9 o] ojEe]Aoldedr AMEs)
| Sl zAsbde]o] 23k dde] dasich
caldell ] Atgt R sfFsle dite] &
7Fedt 72 opx|g), ZE v iAol Algo]
SolsiA] ¢om v A dloa] F84| He
Fr Ale|zrt Abds] ARtk wge] glckh =gk
] 2 AT olES Ao oAEe|E ¥y 5
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ofels} o] B Hol A 4 9lck

unsigned int lpm(){
= (A&B)"(C&D),
for(i=32; i>0; I--){
= (data >> 1);
if(tmp == 0) count++;
else break;

} return count;

Zef} olejdt odAke 31wlel 4ZE i} o
o] PR Akgdale] o] FA R AN 9
el Z ddo] Hw A AMslel]l 2 JFE
2A ok 53] lookup ®lelEe] Y A lEE]
T7h W ¥ olE A Hsle] g o)
A8 ¥ojA, CKFE 3te] offist ko] Aofsta
wEde] Aol Il wom AN Ade g3 &
< slek

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

A%} C& rs13} 130 gk oz v)ase
of & Anelx, Be} D= rs29} rsdol| = gt
o2 wpazelr) CEold LPM2 ‘mempclz’ 9
Hol2 ddsle, mkaFiel & F 719 dlole S ]
asje] dvhg dXshe=x] JLESe] Ax) #xx
Hol| A= Fxolck 3t W3 wElo] 1§
set, clear, flip, test& $J3}o] ofele} 7] A 2lsjgich

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

unsigned int prclear(unsigned int A, un51gned
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 M3 wHao] ZF9 set, clear, flip, testoll
ARHY AE sl ke o2 #4E AR
2Eolr] B 2ol #gshe A2k AHoln] cx
rs3]| 3“‘45’}“’:] 4ol ld3c) prset, prelear,
prilip & 3] UHE FASA|T preests= H]2&F
A7} 222 EHAE true, false & Aeshc)

944

VI & & 2ut

6.1 MASE 2t ASIPS] EHaED}

AR & 37119 ASIP 2ol iAol

A WA 2de NX 715 el T3EA 4 W
4 ASIPolth F ®WHAl 2de NX 715 f4o] ®
3ol glem NX 7% #f9s A3 o
E_c#lo]];]r u};qul- oo ‘: H-]yH Uté._- ﬂz—l;}.—c}-
4 FH o2 Ajksle Edolr) Zhzke] ASIP 2H

718H o2 LISAE &3to] =e Hglon =

2AA tAleld(Processor Designer) & E3le] A
Edole], A, C-Ade, AL, tAE A
Atk

£ 4= AgAE YiAR) #F)del(Synopsys Design
Compiler)S ARE3le] F3 0.18 CMOS o8
22 4819 d NANDRx1) Al°]E(9.9792) 7]
F2] A wHAolt Ak FZA(constrain)S worst
case 2 Al®Ele] FAsigich HARHA| @2 F
WA ASIP 2He] 3¢ NX 715 s 711
202 g ASIP ¥lgte] 7.5% WAl 78I
o, HH3kgk A W ASIP 2o A HE
ASIP°ﬂ Hisl 4.7% wAHo] Zrislgich

E 5= EX w9 7 715 $4Se WA 3
2t &2 g vjepdicl st Flo)Zejeldld] EX &l
7b & e wls R H=lgErt ‘“E?—"i
EX ©A9 715 A F AHesert B == &
Hell ofs AA ASIPY F2F Foavt AL
#$4 A% FAMuliiply) QibE =
U_MULT7} Ael4ert 7B »eleg U MULT

¢l Heldzel IDEX TolzElel  HR|AE,
EX/MEM wo]Zelal x| 2efelld] 288E A7

< 747 sl AA ASIPe] B2 Skt AA
Aok #A4 A7 = FEe o 156.5Mbz
(638ns) 2 A=A F FEg Sgd:
U_classification™ U_modification 715 FAS A3}
& oo} ¢, A dAe ZRE S| @
22§ o] AaE] A5 U_classification>}
U_modification 7|5 §2] 8 Sx6] 2ls) A
A FEueE AAEEE £ e e 3

4. 7+ mde} - wA (Eq. NAND2x1)
ble 4. Total area of each models

—H

a

Basic | Non-optimized | Optimized
Total area[gata]| 80840 86922 84670
Normalization 1 1.075 1.047




/AW ZeANE 98 A2 HHo Aol B AT

E 5 EX wlel 7 08 e Y e 4
Table 5. The area and the operation speed of each units
on EX stage

Area of functional units in EX stage

16000
9009
8000
7000 -
6000
5008
4099
I

2300 o
) .

Y_ALUO Y_ALUL U_SHT BT

Arcalgate]

# Nor-cptimized 2076 405 3353 8738 763 4320

B Optimizad 20786 405 3383 8738 379 3312

Operating speed of functional units in £X stage

33 3

Time[ns]

| U_Classific . N
U_ALUD L ULALUT | ULSHFT | L MULT aon | U-oPECHic

& Nor-cptimized 189 127 237 375 3385 373

B Optimized Po18% 227 237 376 255 259

slsledet. FAsigE A3 F2F KA S e
7zt 23.9%, 20.3% At slglen, WA &
Hol| M= ok 50.3%, 26.7%] WA 7F4AE »eid)

6.2 Msd|m

AAE JEHZ ASIPE $3 AE AuleE
RHE7] #18) CowareAbe] tlakel Az} ]"ﬂa o]-g-3}
o lec ZodelE A3l en, 1 7% 4
3 el 158 A43] 99 CKFE Aest &
ZAstde]ol AHgaldcl ol T2 glAtelx
shie] ¢ WAz g AjEe] shie] Wigelz Y=
A3 A7 dade] rhssbd s wellMe 3 Ale)
Z el X7} 7hssiAl "ok

AlEH oS $43le] EEMBC Hl-EWlx]e] [P
packetcheck, IP reassembly, NAT, OSPFv2, QOS,
Rounte, TCP 77}2] Hl~E 35 = EF((lassification)
9} W¥(Modification)e] HlWe] o]Fojx]&= 1P
packetcheck®} IP reassembly, Z.2]32 NATe| ot
o] CKF& A4 35S o9} CKFE“ 28312 ¥
Arketls WE cHMeld Hgsiddch o) F e
0|83l Al 3 F ‘:]‘3171"1]‘1 AA Atz
o} F2F A)7He vlasioich

IP packet checkollAl dlo]e{zzie] Zol& MTU
(Max1mum Transfer Unit)8] 1500byte® 3738}
M Alo]z& IMbitZ slgi o] 360712 dlolEiL
Wof] 3k J]—"J(par51ng)-'+ H-E{classification) S 7

F 6. A Aol vjal
Table 6. The comparison of each execution cycle

Cycle for simulation

1600
1309
1200
1050
50O
630
490
200
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