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TOM TAT - Trong cdc hé thong mang hién nay, viéc ning cao téc dé dinh tuyén cho cdc router nham ndng cao toc dg
mang dwoc nghién ciru va phat trién theo hai hwéng chinh la: ndng cao chdt hrong phdn cimg va cdi tién cdc thudt todn dira trén
phdn mém. Rat nhiéu thudt todn dira vdo cdc cdu tric dit liéu Multi-bit Trie, LC-Trie, Prefix Tree, Multiprefix Tree,... di dwoc
cdc nha khoa hoc nghién ciru, dp dyng vao viéc xdy dyng bang dinh tuyén. Trong bdi bdo ndy ching toi phan tich va danh gia hiéu
qua dinh tuyén ciia cau triic dit li¢u cdy da tién t6 va dé xudt ky thudt ndng cao hiéu qua dinh tuyen dua trén viéc sir dung bo nho
dém. Ky thugt dé xudt dwoc danh gid, so sanh véi cdce k§ thudt dinh tuyén dwa trén cdy da tién 10.

Tir khéa - ndng cao toc @6 dinh tuyén, xdy dung bang dinh tuyén déng, dinh tuyén goi tin.
I. GIOI THIEU

Ngay nay, su phat trién nhanh chong cua Internet phat sinh mét véan dé la 1am sao dam bao dugc hiéu suét vé
thoi gian t61 dich cua cac goi tin trong hé thong mang, tranh tic ngh&n? Thye té da chimg minh, vOi mot s6 lugng goi
tin di vao bg dinh tuyén (router) vo cung 16n, thi cic giai phap nang cao toc do, hiéu qua dinh tuyén chinh 1a chia khéa
dé giai quyét ‘nhtng kho khan trén. Dé dap ung duoc cac doi hoi ngay cang cao vé chét luong mang va nang cao hiéu
qua dinh tuyén, cac nha phat trién khong ngumg nang cao chét luong phan cimg cua thiét bi mang, da cho ra doi cac
thiét bi mang c6 cong suét cao, ting toc do chip xir 1y, cai thién va md rong bang thong, cai tién cong nghé cho cac
thiét bi....

Trong diéu kién huéng nghién ciru phat trién cac cong nghé phan cing dang dan tién t6i cac gio1 han, thi
hudng nghién ciru vé cac cdu tric dir liéu méi va thuat toan xu Iy thong tin dinh tuyen Van dang dem lai nhiéu két qua
tich cyc. Ngay nay, cac giai thuat phan loai goi tin hau hét dya trén nén tang phan mém do uu thé vé tinh linh hoat,
mém déo, dé cai dit, trién khai ciling nhu tinh kinh té so v6i cac giai phap phan cimg. Trong do, cac nghién ctru tap
trung di sau vao viéc nghién ciru cac chu trac dir lidu (CTDL) su dung trong xay dung bang dinh tuyén dong cuia router
nham muc dich t6i wu hiéu sudt vé bd nh¢ cling nhu vé thoi gian trong xay dung, tim kiém va cap nhat thong tin cho
bang dinh tuyen nghién ctru dé xuit cac CTDL méi dé 1am bang dinh tuyén dong (BDTD), cac nha khoa hoc da de
xuat cac cau trac nhu: Multi-bit Trie [4, 5, 6, 7], LC-Trie[8, 9], Prefix Tree[1]... Trong do, cau trac dit liéu Cdy da tién
1 Multiprefix Trie (MPT), dugc dé xudt nam 2011 boi Gido su Sun-Yuan Hsieh 1a mot CTDL quan trong, ¢6 nhiéu wu
diém co thé ding dé xay dung BDTD cho router.

Trong CTDL nay, mdi nat co thé luu giir nhleu hon mot tién to, qua do lam giam sO lan truy cép by nho can
thiét cho cac thao tac bang dinh tuyén. Noi dung tiép theo ctia bai bao gom: phan tich dac diém céu trac, cac thao tac
trén CTDL MPT va tinh higu qua cta né va tir 46 chiing t6i dé xuat mot sb k¥ thuat cai tién cay MPT.

A. Ciy da tién 16 [2]

Chu triic dit liu k-stride Multiprefix Trie (viét tat 1a &-MPT, goi la cdy da tién t0 c6 budc nhay k), voi k 14 s
nguyén dwong, la mét cau triac dir liéu dang cdy, chira hai loai nat: nat chinh: primary node (ky hi€u 1a p-node) va 1 nat
phu: secondary node (ky hi¢u 1a s-node), véi cac tinh chat sau:

. M&i nut chinh p-node v chtra cac trudng sau:
a. 0<t<m,voitlasd tién td chira trong nit v, véi m=0(k).
b. ¢ tién t6, ky hiéu lan luot 1a p,v), pa(v), ... p(v), dugc luu trir theo 1 thir tw khong ting cua d6 dai
len(p;(v)) > len(p,(v)) >... len(p,(v)).
port(pi(v)), 1a cong ra (ouput) ciia pi(v).

d. s pointer(v),1a 1 con tré tro dén 1 céy tién t& PT chtra cac niit phu s-node, trong d6 cic nut s-node nay
chira cac tién to c6 chiéu dai > k. level(v), nhung < k. (level(v) + 1). Dé thuén tié€n, cdy biéu dieén bdi con
trd s_pointer(v) dugc goi la PT cua v.

e. Noi dung cta p-node(v) c6 thé dugc dai dién don gian boi (1, p,(v), p2(v), ... p(v), s_pointer(v)).

. Budc nhay £ 1a mot sb bit st dung dé phan nhanh trong 1 p-node. Mot p-node ¢6 s6 budc 1a k s& ¢6 2 nut
con. Pé d¢ hinh dung, ta goi childy(v), child,(v), ... child;"' (v) 1a ky hiéu dé biéu dién cho 2" con tuwong tng véi 2* gia
tri c6 thé co tir chudi nhi phan c6 do dai k bit:
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00...00, 00...01, 00...10, 00...11, ......... dén 11...11.
k k k k k

Vi du, néu k=2, s& c6 4 con 1a childy(v), child,(v), childy(v) va childs(v), tuong tmg vé&i 4 nhanh c6 nhan 00, 01,
10vall.

. Mot p-node c6 m tién t6 goi 1a niit dy, nguoc lai 1a nut khong day.

Mot p-node dugc goi 1a nut trong néu nd la nut day va cd nat con va mot p-node goi 1a nut ngoai néu né khong
¢6 nat con nao va nut ngoai c6 the la nut khong day.

. Goi u va v 12 hai p-node lién tiép nhau trén mot dudng di trong cdy da tién t6 7. Néu c6 hai tién t6 p;(u) va
p;(v) ma trong d6 p;(v) 1a tién t0 con cua p;(u), thi level(u) < level(v).

. Moi s-node w c6 cac truong sau:

a.p(w), 14 tién t6 chira trong w.

b. port(p(w)), 1a cong output cia tién to chira trong w.

c.left(w), 1la mot con trd, tré dén s-node bén trai cia w néu cd, néu khong sé& 1a null.

d. right(w), 1a mdt con tro, tré dén s-node bén phai ciia w néu cd, néu khong sé 1a null.
Mot p-node duoc goi 1a rdng (empty) néu né khong chua tién t6 nao.

Céu truc caa 1 nit trén cay k-MPT duogc biéu dién mot cach co ban nhu sau:

01*

]
1
111010* P ! N
110100* v v
1011*
110110*
0101000* 00* or* “0”0*

0100101*
110000*
110101*

Nt chinh v Pu(v) pa(v) pa(v) pa(v)
(p_node) tv) | port(pu(v)) | port{pav)) | .. port(ps(v)) | port(pi(v)) s_pointer(v)
childg(v) | childs(v) | ... childzmea(v) | childzua(v)
Nllt tren Nut phu w left Nexihop —
k-MPT (sﬁnode) =it 4w {part{p{wil} right(w)
Tap tién to
0* a T '
1101001* (0111011*, 1101001*, 0101000%, 0100101*, 000001*}---‘
0111011*
000001*
01110* 00 01 10 11
111110% b ¢ d e
00* ( F - (01110*} ( 1011% ( 110100%, 111110%, 111010%, 110000%, 110101* )

Hinh 1. Cay 2-MPT duoc xay dung tir tip tién t6 trong bang
B. Cic thao tic trén céu triic cdy k-MPT [2]
1. Thudt todn chén 1 tién té vao cdy: MPT INSERT (p, v, level)

Input: tién t6 p, nat v, bac level
Output: nit dugc chén vao cay
1: if v is null then
2:  v:=ALLOCATE P-NODE()
3:if IN_PT(/en(p), level) then /I chén p vao PT cua v
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4: u = ALLOCATE_S-NODE()  // cdp phdt mét s-node méi

S: PT_INSERT(p, u, s_pointer(v)) // goi thii tuc chén ciia cdy tién té
6: else if Is_Full(v) then

7: if len(p,,(v)) < len(p) then // len tién t6 cudi ciia v < len ciia p
8: thay thé p,,(v) bing p

9: sap xép cac tién tb trong v theo thur tw khong ting ctia d6 dai.
10: r:=GET(p.), k. level, k. (level+1) - 1)

11: v := child,.(v)

12: MPT INSERT(p,,(v), v, level + 1)

13: else

14: r=GET(p, k. level, k. (level+1) — 1)

15: v = child,(v)

16: MPT_INSERT(p, v, level + 1)

17: else

18: cheénp vaov

19: t(v) :=t(v) +1 /] tdng s6 lirong tién 16 trong v

20: return

Thudat toan trén sw dung mot 56 ham phu tro:

Ham kiém tra 1 tién t6 c6 thudc PT ciia 1 niit khong? Ham kiém tra 1 nut c6 ddy khong?
Ham IN_PT(/, level) Ham IS FULL(v)

1:if [ < k. (level + 1) then 1:if v is full then

2:  return TRUE 2:  return TRUE

3: else 3: else

4:  return FALSE 4:  return FALSE

Do phirc tap tinh toan cia thuat toan: O(W)
2. Thudt todn Tim kiém tién té trén cay: MPT _LOOKUP(DA, v, level)

Input: dia chi dich cin tim DA
Output: tra vé& cdng dich nexthop twong tmg ciia LMP néu tim thiy
// next_hop ding dé luu lai cdng output cia tién t6 khép tét hon hién tai
// default_route stt dung dé luwu lai cdng output mic dinh
1: level :=0
2: next_hop := default route
3: while v # null do
4: if ¢6 tién t6 trong v khop voi DA then
5: tim tién t6 dai nhat p,(v) khép v6i DA
6: return port(p;(v))
7 else
8 next_hop := PT_LOOKUP(DA, s_pointer(v))
9: r:=GET(DA, k. level, k. (level + 1) - 1)
10: v := child,.(v)
11: level .= level + 1
12: return next_hop

2
Do phire tap tinh toan cia thuat toan: O(W /k)
3. Thudt toan xéa mgt nut trén ciy: MPT DELETE(p, v, level)

/" Thudt todn nay sir dung 2 ham phy, FREE_SNODE va FREE_P-NODE, dé gidi phéng bé nhé cho s-node
va p-node, d phirc tap thoi gian O(1)

1: if v is null then

2 output “p is not found”

3: if IN_PT(len(p), level) then

4 PT_DELETE(p, s_pointer(v))

5: FREE S-NODE

6: elseif pisin v then

7 Xoa p trong v

8 if v 1a p-node ngoai then

9: t(v) =t(v)—1 // giam sb luong tién t trong v
10: if t(v) = 0 va s_pointer(v) = null then
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11: FREE P-NODE(v)

12: else

13: tim tién t6 y trong child,(v) sao cho len(y) = max {len(p)| p € child(v) for 0< i<2k-1}
14: chén y vao vj tri tién t6 cudi trong v
15: v := child(v)

16: MPT _DELETE(y, v, level + 1)

17: else

18: r:=GET(p, k. level, k. (level + 1) - 1)

19: v := child(v)

20: MPT _DELETE(p, v, level + 1)

21: return

k
Do phuec tap tinh toan cua thuat toan: O(2 Wik)

W 1a d6 dai (tinh bang bit) cia mot dia chi dich
B. Higu qud dinh tuyén ciia ciy k-MPT [2]

Dua vao dic diém vé cdu tric va qua nghién ctru cac thuat toan moé ta hoat dong cua cay k-MPT , ching t6i cod
mot s6 nhat xét vé hidu qua dinh tuyén cua CTDL nay nhu sau:

Thir nhat: Mbi nut (nat chinh + nat phu) cta cay k-MPT luu nhidu tién 6 (fuong g la cdc ludt), nén so v6i cac
CTDL cay khéc (nhu cay tién t5), véi ciing mot tap tién td, thi chidu cao ctia k-MPT thip hon nhiéu, do d6 téc do tra
curu trén cay k-MPT s€ nhanh hon.

Thir hai: Trong qua trinh tra ctru dia chi, LMP c6 thé dugc tim théy tai cac nut khong phai 1a nut ld. Tir dac
diém , ta khang dinh: néu tru(mg p(v) khép véi dia chi dich, th1 tlen t6 lu’u trong p,(v) chinh la LMP. Khi da tim
duogc LMP thi thudt toan co6 thé két thuc ngay. Mit khéc, do céc tién to sap xep theo thir ty khong tang cua d6 dai ma
qué trinh tra ctru, so khop chi dién ra gitra dia chi dich DA véi nhing tién t6 nhat dinh trong nut, chir khong phai v6i tat
cé cac tién t6. Do d6 chi phi thoi gian tim kiém LMP giam kha nhiéu.

Thir ba: Viéc luu trir nhiéu tién t6 trong mot nut gitp k-MPT giam chi phi luu trit thong tin. Mat khac, nhin
chung cc tién t6 duoc luu trit trong cac nit ¢6 mic cang cao (cang xa niit goc) thi c6 do dai cang bé, do d6 chi phi luu
trir ciia cac nit & mirc cao it hon chi phi luu trit cia cc nat & muc thap. Do do, néu viéc cap phat bd nhd luu trir cho
cac nut dugce 1ap trinh linh hoat hon, ta c6 thé tiét kiém dwoc dung lwong huu tri.

Thir fur: Vi€e luu gitr nhiéu tién to trong mot nut cua cdy va viéc phén loai cac tién t6 theo thur ty khong tang cua
d6 dai lam giam s nut trén cdy, giam s6 lan truy c@p bd nho, va giam chi phi tim kiém vi tri dé chén va x6a cic tién t6.
Dic biét trong thao tac xoa tién td, viéc tim kiém tién t thay thé (dé dam bao tinh chét cua ciy) c6 chi phi thap. Viéc
dam bao duoc cac tinh chét ctia cdy k-MPT sau céc thao tac cap nhat co y nghia quan trong, dam bao hiéu qua cua hoat
dong dinh tuyén ciia Router.

C. Ky thudt phdn hoach ciy k-MPT [2]

Khi bude nhdy k tang thi chiéu cao cua ciy k-MPT giam, tuy nhién sé nhanh con va sy phirc tap ctia cac qua
trinh xir 1y ting 1én, lam hiéu suat dinh tuyén trung binh giam. V&i muc dich 1am giam chiéu cao cua ciy k-MPT ma
khong tang bude nhay k, mot k§ thuat dugc dé xuat 1a phan hoach cay A-MPT. Y tudng nham thuc hién phan hoach ciy
k-MPT thanh mét sb cac k&-MPTs c6 chiéu cao thép hon, tao nén mdt ciu trac dit lidu mai goi la Cay da tién 16 chi muc
¢6 buée nhay k (k-Stride Index Multiprefix Tree - goi tit 1a k&-IMPT), dua trén cdy k-MPT di trinh bay. Cay k-IMPT
phan hoach mot cay A-MPT thanh nhiéu cdy k-MPTs c6 chiéu cao thap hon, danh sach cac gbc dugc luu giir trong
mang mot chidu (index table) nhu sau: zab[ 00...0,00...1, ..., 11...1]

Index Table

oooooo000 L Tt .ﬁ

. >
111111111 Am
\—'—I

a

Hinh 2. Mot cay k-IMPT
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V6i mot chiéu dai a ¢b dinh, bang chi myc c6 khong qua 2% phan tir, mdi phan tir tab[byb;...b,.;] tré t6i gbe 1
cay k-MPT con ma c6 chira cac tién td vai tién t6 con chung dang byb;...b,.; c6 d6 dai a bit (xem hmh 2).

bé thuc’hlén cac thao tac bang dinh tuyén (tim kiém, chén, x6a) trong mét k-MPT, trudce hét chung ta dbi chiéu
v6i mang chi so va thuc hién cac thao tac nay trong cay ~-MPT tuong Ung.

Vi du: néu chén 1 tién t6 p vao mot k-MPT, dau tién ching ta 1dy « bit ctia p dé xac dinh gia tri chi muc ctia goc
trong mang.

Néu len(p) > o chic chin p dugc chén vao cay k-MPT c6 gbc 1a gia tri chi muc.

Nguoc lai néu len(p) < a thi ta phai m6 rong tién t p thanh mot tap tlen to c6 d6 dai a. Vi dy, véi p = 101000*
va a = 8 (tirc 1 8 bit dAu cua tién t6 biéu dién gia tri cua chi myc). Vi tién t&6 101000* mé rong thanh 10100000,
10100001, 10100010, va 10100011, va do d6 tién t& 101000* dugc chén vao 4 cay k-MPT dugc biéu dién boi
tab[10100000], tab[10100001], tab[10100010] va tab[10100011].

Qua trinh thyc hién cac thao tac cua bang dinh tuyén (chen, tra ciru dia chi va xéa ) trén cay k-MPT déu duge
bat dau bang viéc xac dinh gbc cua cdy con k-MPT, bang cach xac dinh gia tri thap phéan clia a bit dau tién ctia tlen to
s& tra lai gia tri twong (mg ctia gbc trong mang chi muyc, sau d6 thyc hién cac hoat dong chén, tra ciru hodc xo6a tién t6
trén cay k-MPT con do.

Viéc mé rong tién to va chén vao cac cdy tuong Gmg nhu trén c6 thé dan toi sy bung nd s lugng tién t6 duoc
luu gilr trén cdy. Tic 1a s6 tién t6 dugc luu giir 16n hon nhiéu so vai s6 lugng tién t6 dau vao, va viée luu giir cac tlén
tb trung lap gay ra t6n kém bo nhé va xu ly phie tap. Chung ta phai chon mdt gia tri a phu hop dé giam bo nhd can
thiét, « khong nén qua lon (vi véi a ¢b dinh, s& co 2OL ciy k-MPT dugc tao ra), nhung néu « qua nho thi hiéu qua lam
giam chiéu cao cua cay cung khong cao. Trén thyc té, sau qué trinh thir nghiém, chon gia tri & bang do dai tién t ngén
nhit ctia bang dinh tuyén dwoc danh gia 1a mot sy lwa chon phu hop.

IIL. PE XUAT KY THUAT TANG TOC PQ PINH TUYEN DUA TREN CAY PA TIEN TO
SU DUNG BQ NHO PEM

A. Ky thudt ting téc cho k-MPT sir dung by nhé dém (Cache)

Mot lugng dit lidu duoc truyén di trong hé thong mang c6 thé c6 rat nhiéu goi tin ¢b truong dia chi dich giéng
nhau. Mic du viéc nhan céac dia chi dich gbi tin dén cua router 14 ngdu nhién, nhung mot dia chi dich c¢6 thé bi tra cliru
1ap lai nhiéu 1an trong mot khoang thoi gian lan can. Pé han ché sy tra ciu lap lai do, chung t6i dé xuét k¥ thuat su
dung bo nho dém cache, dé Tuu két qua tra ctru cua mot sb dia chi dich goi tin vira dugc tra curu.

Viéc sir dung bo nhé cache dé ting toc d6 dinh tuyén dugc chia thanh 2 hudng nghién ctru chinh: 1) 4p dung
cache cho tap luat trong bang dinh tuyén (tap luat nao dugc s dung nhidu s& dugc luu vao cache) nhu sir dung Rule
Caching[10], Popular Rule Caching..., va 2) p dung cache cho viéc dinh tuyén goi tin dén dia chi dich (dia chi dich
nao duoc dinh tuyén dén nhiéu s& dugc luu vao cache) nhu Digest Cache[11], LFU cache. Trong bai bao, chung t61 str
dung két hop hang doi va bang bam dé giup tang téc d6 tim kiém trong cache khi dinh tuyén goi tin dua vao dia chi
dich, dya vao wu thé vé thoi gian tim kiém ciia bang bam.

1. Cach xdy dung cache

Cache duoc thiét ké ding mot bang bam dé luu cac kho4 [key] phuc vu tra ctru trong cache va mot hang doi sip
x€p theo mat trat tyr nhat dinh d€ Iuu céc gia tri goi tin can dinh tuyén (Tién t0 dia chi dich va Cong dich nexthop). Khi
cache day, s& xoa cac phén tir cudi hang doi (it dung nhat) ra khoi cache va dua phan tir méi vao dau hang doi. Viée
tim kiém cac key trong bang bam cua cache s€ nhanh hon cac CTDL khac.

Queue HashMap

Thém d&i
twong vira — T
truy cap I EI
vao dau 1
Né&u d&i :
twong vira 1
truy cip od : /
ton tai, xoa 1

no tai vi tri : ,_.
hién tai, va 1
théem & dau - ——

Loai bd dai

tuong &
cudi néu

day &= | value

Hinh 3. M0 hinh str dung b9 nhé cache
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Dé thao tac véi cache, ding ham put dé dua 1 phan tir vao cache, con ham exists dé kiém tra 1 phan tir da co
trong cache hay chua. M6 hinh hoat dong cua cache dugc thiét ké nhu sau:

2. Hoat dpng tra cwu khi dp dung cache

Khi goi tin di vao Router va yéu ciu tra ciru dia chi, trudc hét Router s& kiém tra xem dia chi dich cia goi tin
can tra ctru c6 trong cache khong, néu cé thi liy thong tin nexthop twong tmg voi dia chi dich @6 da duge luu trong
cache 1am két qua, nguoc lai néu dia chi dich d6 khong c6 trong cache, thi thuc hién tra ctru dia chi d6 trén cdy k-MPT,
sau d6 dua thong tin dia chi dich vira tra ctru voi nexthop twong g thu dugc vao cache. Khi cache ddy, can loai b6t
nhitng dir li€u cd, it st dung hon va cip nhat dit liéu mdi hon cho cache.

Tuy nhién s& nay sinh van dé: lua chon dung luwgng bao nhiéu cho cache dé dat hiéu qua tdi wu, vi chi phi tra
ctru dia chi khi stir dung k¥ thudt nay bao gom chi phi tim kiém trong cache, chi phi cap nhét cache.

Van d& nita 14 khi c6 lut can thém hodc xo4, thi khi tién hanh thém hoac xo4 tién tb trong cdy, ta phai tién hanh
tim kiém tién to nd)g trong cache dé cap nhét lai nexthop hodc xoa. B¢ dam bao rang dit li€u trong cache ludn huu gii
dung gia tri madi nhat khi bang dinh tuyén c6 su thay doi.

Thyec té kiém nghiém cho thay v6i lugng goi tin it, cache it phat huy tac dung, nhung véi sO luong goi tin dén
16n, cache t6 ra kha hi¢u qua khi dinh tuyén vi s6 lan tra ctru trén cay k-MPT phai thyc thi it hon.
B. k-MPT co sw dung cache:

) Dé ap dung cache trong viéc }15 tro dinh tl,lyén trong cdy k-MPT, chiing t6i tién hanh cai dat bo nhé cache theo
thi€t ke ¢ trén vao thuat toan tim kiém (dinh tuyen géi tin) MPT_LOOKUP cua cay k-MPT [2]. Khi mot dia chi dich
dugc tra ctru, trudce tién chung ta s€ tim kiém dia chi nay c6 ton tai trong cache hay khong (bang k§ thuat tim kiém ham
bam theo thiét k& ¢ trén). Néu dia chi nay co ton tai trong cache, cong dich (nexthop) cia n6 duge tra vé va hoan tat
qué trinh tim kiém. Néu dia chi dich khong nam trong cache, s& tién hanh tim kiém dia chi nay trén cdy theo thuét toan
MPT_LOOKUP goc. Xay ra 2 trudng hop

- Néu khong tim thay dia chi dich trong cdy, thong bao khong tim thay va két thiic tim kiém.

- Néu tim thay dia chi dich, tra vé cong dich nexthop va luu thong tin dia chi dich va cong dich vira tim thiy
vao cache. Néu cache day, tien hanh loai bo phan tr it dung nhat trong cache.

Str dung cache ting
téc d6 trac clru trén
k-MPT
/ input DA,v, level /

next_hop = MPT_LOOKUP(DA, v, level);
put(DA, next_hop(DA)) vao cache

next_hop = next_hop(DA)
trong cache

End

Hinh 4. So dd thuét toan

Khi 4p dung cache, mdi khi bang dinh tuyén c6 su thay di, tuyén da dwa vao cache c6 thé khong con ding nita,
ta phai tién hanh tim ludt nay trong cache roi update lai theo luat méi thém. Viéc tim kiém trong cache dua vao ham
bam khong bi anh hudng nhi€u vé mat thoi gian.

C. k-IMPT co sir dung cache

Tuong ty ¥ tuong ding cache cho k-MPT, khi tién hanh sir dung cache cho k-IMPT, chung ta c¢6 thé st dung 1
bd nhé cache cho tit ca cac ciy phan hoach k-MPTs thanh phan theo cich tuong tu cho ciy k&-MPT nguyén thuy. Tuy
nhién néu cay k-IMPT c6 d6 cao thép, thi viéc sir dung cache cho n6 s€ kém hi¢u qua, nén chung ta s€ st dung bo nhd
cache cho nhiing cdy k-IMPT c6 d6 cao twong ddi 16n. Toan bd qua trinh tim kiém trén cac cay k-IMPT s& sir dung
thuat toan IMPT _LOOKUP [2], c4c tinh hudng xay ra ciing twong tu khi sir dung cache cho cy k-MPT:

- Néu khong tim thdy dia chi dich trong cic cdy k-IMPT, thong bao khong tim thay va két thic tim kiém.

- Néu tim thdy dia chi dich, tra vé cong dich nexthop va kiém tra d6 cao cuia cay k-IMPT ma dia chi duoc tim
thay, néu cay nay c6 d6 cao dat ngudng theo quy dinh thi luu thong tin dia chi dich va cong dich vira tim thay vao
cache. Néu cache day, tién hanh loai bo phan tir it dung nhat trong cache.
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St dung cachetang
t6c d6 trac clru trén
k-IMPT

input a, p, DA

/

next_hop = next_hop(DA)

Next_hop = IMPT_LOOKUP(a, p, DA) T

DA c6 trong cache?

6 cao clia k-MPT da
ngudng quy dinh

\ 4

T

v

| put(DA, next_hop(DA)) vao cache |
/ Output next_hop /47

End

Hinh 5. So db chi tiét thuét toan
IV. CAI PAT THU NGHIEM VA PANH GIA

Pé dam bao sat voi ung dung thuc té, chuong trinh stt dung cac bd dir liu dugc tao b.'?mg bd cong cu
ClassBench do David E. Taylor, Jonathan S. Turner thugc Phong Nghién ctru ting dung, Khoa Khoa hoc May tinh, Pai
hoc Washington, Saint Louis tao ra [http://www.arl.wustl.edu/classbench]. B dir li¢u bao gém cac tap luat va cac tap
tham sb g6i tin dugc sinh badi bo cong cu trén cé dir lidu déau vao la nhiing b dir li¢u thuc cua cac nha cung cép dich vu
Internet. Day 12 bd cong cu duoc cong ddng nghién ctru sir dung dé danh gia cac thuat toan va cac thiét bi phéan loai goi
tin.

A. Danh gid hi¢u qud ciia thudt toan xdy dung cdy co s dung cache

Céc thi nghiém trén bo co so dit lidu tién t6 d& cap & trén, thuc hién véi cdy k-MPT va k-IMPT (bién k=2), thuc
hién trén cung mot may tinh BXL Core 15 4430 c6 tdc d6 3.0 GHz va bo nhd RAM 1a 8GB; don vi tinh thoi gian 1a
mili gidy.

Thuét toan cai tién k-IMPT khi xdy dung cdy s& phan hoach thanh nhiéu cay con, do d6 chiéu cao ciia cac cay
dugc giam di kha nhiéu, thoi gian xay dung cdy ciing dién ra nhanh hon so véi cay k-MPT. Chung t6i da tién hanh do
thoi gian xay dung cay voi s6 lut bién thién tir 3.000 dén 8.000 luat, két qua thé hién & bang 1:

Bang 1. Bang do thoi gian xay dyng cdy ctia 2-MPT va 2-IMPT (@on vi miliseconds)

S4 luong luat: 3000 luat | 4000 luat | 5000 [uat | 6000 luat | 7000 luat | 8000 luat
2-MPT 129.3 152.8 205.5 240.88 280.83 329
2-IMPT 110.8 133.63 | 161.88 185.14 205.5 | 22542

Tir két qua trén, ta co biéu do so sanh thoi gian xdy dung cdy cua 2-MPT va 2-IMPT nhu sau:

So sanh th&i gian xay dung cay gilra MPT va IMPT

350
300
250
200
150
100

miliseconds

50

3000 luat 4000 luat 5000 lugt 6000 luat 7000 luat 8000 luat

=——=2-MPT 2-IMPT

Hinh 6. Thoi gian xay dung cay cta 2-MPT so véi 2-IMPT
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B. Pdnh gid hiéu qud ciia viéc dinh tuyén géi tin dwa trén cdy k-MPT va k-IMPT cdy cé sir dung cache

Dé chimg minh hiéu qué thuat toan tra ctru cua 2-IMPT so voi 2-MPT, cung v6i thuét toan 2-MPT va 2-IMPT
c6 str dung b nh¢ cache, ching toi ¢6 dinh 8000 luét va cho bién thién s6 lwong goi tin dén. Chi phi thoi gian tra clru
trung binh do dugc thé hién trong bang 2:

Béng 2. Bang do thoi gian tra ctru ctia 2-MPT va 2-IMPT vai 8000 luat (don vi miliseconds)

T 100.000 115.000 130.000 145.000 160.000 175.000

So gobi tin: > e e e N e s

go1 tin g01 tin g01 tin g01 tin go1 tin g01 tin
MPT 589.4 695.6 786.4 877.25 975 1085.8
MPT (cache) 430.6 476 528 577.25 652.5 733.6
IMPT 358.2 426.8 505.43 546.33 608 657.83
IMPT (cache) 338 395.6 439.8 467 529.6 575.17

Tir bang trén, ta co biéu dd so sanh, thé hién hiéu qua cta thuat toan 2-MPT va 2-IMPT cing véi khi chung sir
dung thém bd nhé cache nhu sau:

Th&i gian dinh tuyén véi céd dinh 8.000 luat

1200

1000

800

600

miliseconds

400

200

100.000 115.000 130.000 145.000 160.000 175.000
goi tin goi tin goi tin gaoi tin gdi tin gdi tin
—o—MPT —=— MPT(cache) —a—IMPT IMPT (cache)

Hinh 7. Hiéu qua tra ctru ctia 2-MPT so véi 2-IMPT

Tiép theo, ching t61 da thyuc hién do thoi gian tra clru cua 2-IMPT so véi 2-MPT voi s6 lugng goi tin dén cb
dinh 1a 150.000 géi tin, so lugng luat bieén thién tir 7000 dén 8000 luat, chi phi thoi gian tra ctru trung binh thu duoc
nhu bang 3 dudi day:

Bing 3. Bang do thoi gian tra ctru 150.000 goi tin dén cta 2-MPT va 2-IMPT (don vi miliseconds)

Sé luat: > | 7.000 luat | 7.200 luat | 7.400 luat | 7.600 luat | 7.800 luat | 8.000 luat
MPT 903 906.25 904.83 912.5 915 916.25
MPT (cache) 560 570 576.5 573.25 578.75 579.5
IMPT 599.2 608 604.5 611.75 616.6 619
IMPT (cache) 507 508.6 514 514.75 511.5 514.2

Tir bang trén, ta c6 biéu dd thé hién sy anh hudng cua sb lugng luat trong bang dinh tuyén t6i chi phi tra ctru
cua 2-MPT va 2-IMPT nhu sau:

Thei gian dinh tuy&n 150.000 gdi tin, s& luat thay dé&i

o

miliseconds
19
[=}
(]

7.000 luat 7.200 luat 7.400 luat 7.600 luat 7.800luat 8.000luat

—e— MPT =—MPT (cache) —a—IMPT IMPT (cache)

Hinh 8. Biéu d thé hién sy anh hudng cua sb luat t6i thoi gian tra ciru ciia 2-MPT so v&i 2-IMPT

Tir cac biéu do trén, ching ta nhan thiy, tbc do tra ciru ctia cac thuat toan 2-MPT va 2-IMPT duogc cai thién
dang ké khi stir dung bo nhé dém (cache). Tuy nhién viéc lya chon cache phai nam trong mot khoang nao d6 & mic d6
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phtl hop dé tranh lang phi bd nhé va tdi wu tdc do cho thuat toan. Chung t6i ciing tién hanh thir nghiém véi ¢b dinh
8000 luat va tra ctru 150.000 go6i tin dén cia bd dit li¢u thir nghiém trong muc 6.1.

Trong qua trinh do ké:r qua thir nghiém, déf don gian chung toi su dung don vi do cta cache duoc tinh theo block
thong tin, méi’ block dugc thé hién cho mot by gobm khoa Key va mot ban ghi luu thong tin cta dia chi dich va nexthop
trong tng. Ket qua do thoi gian tra ciru dugc thé hién trong bang sau:

Bang 4. Bang do thoi gian tra ciru 150.000 goi tin dén cta 2-MPT theo dung lugng cache (don vi miliseconds)

Dung lugng cache Thoi gian tra ctru 150.000 goi tin cua 2-MPT
(block) (don vi miliseconds)
50000 586.8
10000 586
5000 585.3
3000 574.2
1000 577

The&i gian dinh tuyén theo dung lwong cache
(8000 luat, 150.000 goi tin)
590
585
580

575

miliseconds

570

565
50000 10000 5000 3000 1000

dung lwgng cache

Hinh 9. Biéu db thé hién sy anh huéng ctia dung lvong cache t6i thoi gian tra ciru ctia 2-MPT
V.KET LUAN
Bai bao da trinh bay tépg quan vé bai toan xdy dung bang dinh tuyén dong nham ting toc do dinh tuyén goi tin
trong router. Phén tich dac di€m céu trac, cac thao tac va tinh hiéu qua cua CTDL céy k-MPT va k-IMPT. Trén co s¢
cac phan tich vé cay k-MPT va k-IMPT, bai bao da d¢ xuat ky thuét tang toc do tra ciru cho k~-MPT va k-IMPT st dung
bo dém. ’Thfr nghiém ky thuat dé:) xuat trén b dir liéu qhuén[3], k@t qua cho thay viéc st dung bd dém cho qua trinh
dinh tuyén c6 hi¢u qua 1 rét, nhat 1a voi lugng goi tin can dinh tuyén 16n.
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IMPROVING PACKET ROUTING SPEED BASED ON
MULTIPREFIX-TRIE BY USING CACHING

Nguyen Manh Hung, Pham Huy Dong

Abstract - In current networks, improving routing speed for the router to enhance the network speed was researched and developed
in two main directions: improved hardware quality and improved algorithms based on software. Many algorithms based on the data
structure as Multi-bit trie, LC-Trie, Prefix Tree, Multiprefix Trie ... have been researching by scientists, applied to the construction
of the router-tables. In this paper we analyzed and evaluated the effectiveness of the routing of Multiprefix Tree data structure and
proposed a technique to improve the efficiency of routing based on the use of caching. Technical proposals are evaluated, compared
with routing techniques based on multi-prefix tree.

Keywords - improving routing speed, building dynamic routing table, routing packets.



