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Xay dwng t6-pd mang lién két 3 chiéu dwa trén
kién tric DSN nham thich #ng caidat thwce té
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Abstract: The highly rising demands today in hightruyén thdng khéng c6 mt can kng i wu gira
performance computing or building big data centerguong kinhdé thi va $ lién két tai mdi nat. Vi thé khi
make most of traditional interconnection networknang cé $ niit tinh toandn, dé khdng cté 5 lién két
topologies become outdated. Currently, to develogy nho tai mdi dinh (do yéu &u ky thuit cua céac
new types of high performance network, randomgitch), dusng kinhdd thi ciing nhr d6 dai trung binh
topologies such as using random shortcuts, smalyong di ngin nhit s khong nlé, din dén do tré
world models, are promising research directions. truyén tin 1a dang quan ng, 1am giam kha nang xi Iy

In this paper, we develop a new 3D topologyua ci hé théng.
named 3D-DSN based on the principles of Distributed Mit khac, cac t6-pd triéy théng tiem cin Hi wu

Shortcut Network (DSN) [1] to support saving Cabl%ac yéu 8u hiéu ning n6i trén i doi hoi thiét ké phac
length. The main idea is to use a 2D-Torus as #s=b

structure instead of a 1D-Ring as in [1]. Furthemap
the set of shortcuts are distributed in both dii@ts$
of 2D-Torus and the routing logic is extended to
phases instead of 3 phases as in [1]. We also thiee
analyses of topology properties in both theoretaad bigt quan tong \6i cac trung tam i li¢u kicu msi. Vi
experiment aspects, then conclude that 3D-DSN Y& gin day nhéu nghién ¢u msi dang dugc day
more realistic than the basic DSN and provide anic™"" dé tim ra nfiing t6-po rang lién Iét kicu moi
trade-off between network diameter (or average pafffPtnd ot hon cho nliingmg ding hién dai.
length) and cable cost Trong inh wrc nghién é¢u oo ban nay, nét hudéng
nghién &u msi dugc quan tam gn day latng ding
cac mé hinhid thi ngiu nhién (random graphs), trong
d6 c6 cac md hinh éxgisi-nho (small-worlds) dé tao
l. GIOI THI EU ra cac t6-pd Ku moi vai nhiéu tinh ring vu viét hon.
Nghién @ t6-p6 @a cAc nang lién Kt 1a mot chi ~ Cac mo hinhid :[hj hién dai nay c6 2uu diém oo ban
d& oo ban truyén théng trong Tnh wic kién trac ming  Nhu sau. T nhat, ching fréng i cac hgu ning uu
may tinh, tinh toan song song va tinh toéu hiing viét nha duong kinh nid, S lién Kt tai dinh nk va
cao. Wi su phat trén nhanh chéng Bin nay trong cac "hing thiét toan timduong don gian ma’ héu qua.
linh wic nay, Ru hét cac du tric t6-pd truygn thdng  Thir hai, tinh ndu nhién @a viéc tao lién ket (trén o
d3 tré nén ke hju. Ching han da pHin cac t6-pd s mot phan b xac sit xacdinh cho tée) tao nén

tap va @&ng nhic véi sb nit chon trude theo cong tinc
(vi du nhr td-pok-ary n-cubechi cho phép & natk"),
gleu nay lamanh hréng it nhidu dén viéc mo rong
dan mang lrdi NGt ding nhr thay doi bao tri, diéu dac

Keyword: Interconnection networks, custom
routing, layout-awareness, distributed shortcut
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tinh mém déo, thuin loi dé xay ding cac to pd liénd& may tinh BlueGene/L va 5D torus cho BlueGene/Q
véi kha nang co gian qui mé cao (scalability). V6i cac mang bic thap, va Dragonfly [4] cho Power

Bai bdo nay fip tuc khai pha héng di néi trén.

775 Wi mang bic cao. lich gr phat trén cho thy cac

Dya trén md hinh Distributed Shortcut Networkd0-PO Hc thip da duoc s dung ptb bién trong cac &

(DSN) dugc dé xuat trong [1], ching t6i xaywehg bt
t6-pd mang lién Kt mo rong wi dac thu khai thac
khéng gian 3 ckiu, o loi thé phu kyp v6i viéc b tri
cai dat trong thrc t. Y twong mo rong aia ching toi
la lay mot 2D-Torus lam ¢ s thay vi 1D-Ring nh
trong [1]. Viéc xay dmg cac lién Et xa vi th¢ dugc
tién hanh theo 2 plong, ddng thyi thuit toan dinh
tuyén duoc phat trén theo 5 pha thay vi 3 phawh
trong [1]. Két qua khao sat vadanh gia lréc dau cho
thiy 3D-DSN la gn diii véi tng ding thrc & hon so
v6i DSN @ ban, cho phép canang hiéu qu giita
duong kinhdd thi (vado dai trung binktuongdi ngén
nhat) véi chi phi cap mang.

CAu trGc @a bai bao nh sau. Trong Pin Il ching
t6i s3 trinh bay éng quan & Iinh wrc, va saul6 trong
Phan 11l s& tom &t nhitng nét © ban aia md hinh Kin
tric DSN ndi trén. Pin IV trinh bay chi @t vé d¢
XUit méi caa ching tdi cung pim khio séat céc tinh
chit t6-p6 trén ly thugt. PHin V trinh bay cac & qua
khao séat thec nghém bandau. PHin VI cung ép két
luan chung. Mt s6 ching minh Iy thugt cac tinh cht
cua t6-pd ndi dugc dua vao ph luc tham kio.

Trong bai béo, ching tébayng lya chpn ar dung
mot sd thuat ngit tiéng Anh kha théngehg trong Inh
vuc chuyén moén vi khdidh sat ngta va haybdé la
cac that ngir: Shortcut(ndi tat); Ring (vong); Torus
(lu6i vong); Cabinet (t chra nat/Idi tinh toan); Node
(nGt tinh toan)Super-noddsiéu nat);Switch(chuyén
mach). Cac ép thuit ngr Anh-Viét nhe Node va nat,
hay Super-node va siéu niitgc dung song song, thay
thé 1dn nhau, tdy théc vao tinh héing cau vin mo &.

Il. TONG QUAN LiNH VUC

Tir lau cac nha khoaok da dic biét quan tamidén
van dé thiét ké t6-pd dung bec dinh thip (low-radix)
hay Hic dinh cao (high-radix) cho cac tihdng tinh
toan At I6n. IBM d& phat trén cac 3D torus cho siéu

thong tinh toan Wu ning cao nb c6 cacuu diém

nhu: (i) co ché quan ly 16i don gian, (i) d& dang tich
hop dinh tuyn mang va céc 16i tinh toan vaarg

chip xr ly hay mach don, (iii) cach 1 tri switch mng

trong khéng gian &t ly tuong ddi tiét kiem va giao
thirc truyén théng @ chinh sra. Chinh vi 9y ma 6
trén 10 cac siéu may tinh tronfpxhang TOP500 vao
thang 6/20121sdung cac phiéndn cia torus. [8]

Dé dat dugc cH s tét vé duong kinh mng va tic
cia dinh, cac thit ké t6-pd Hic thip truyén thing
thuong sr dung kién tric phan ép haic hoan vdinh
dd thi, vi du c&c t6-pd da trén phép btri lai cacdinh
nhu dd thi De Bruijn [17], caadd thi (n, k)-star [18].
Déi véi cac du trac phan dng, nhing nghién 6u
trugc day ding hréng i chi sb bac aia dinh thap.
C4c t6-pd Bc thap dién hinh bao §m Hypernet [19]
dugc tao thanh r viéc két ndi cac mang con theatd
thi diy du, cAc Cube Connected Cycles (CGimyc
xdy drg hing cach thay th mdi dinh trong
hypercube #ng 1 vong tron (ring) cadinh. Mic du
cac mng nay céuu diém hép dn V& chi sb duong
kinh — Hic, viéc caidat thuc te trong khéng gian may
tinh vat ly 1a khong i don gian, c6 ti¢ dan dén chi
phi caidat va van hanh khéng nh

Trong cac nghiénua trudc day, cacdo thi ngiu
nhién da dugc biét dén v6i uu diém vé duong kinh
nhé. Bic tinh “thé gisi nho” cua nhing mang nayda
nhan duoc nhiu ar quan tam trong gi khoa hoc, bit
ngwn tir bai bao kinhtién cia Watts va Strogatz [20].
Hiéu tng thé giéi nho nhin chung té hién mdt mang
c6 duong kinh nlé, bac thip va 1 tro tim kiém phan
tan, ngfia la timduong cH sir dung thdng tin ac bo.
Kleinberg trong bai bao [15]évhi¢u tng thé gidi nho
tir goc nhin gii thuat d& ch ra &ing viéc ting arong
c6 lya chon mot b lién Két di xa cé tié gilp gim
thiéu nhanh chénguong kinh mang va cung #p kha
ning tim kém phan tan. Chinh viay, do thi thé gisi
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nho va ndiu nhiénda duogc dé xuat dé xay drng cac
trung tam @& liéu v6i kha nang mo rong, khang di va
thdng lrong cao trong cac nghiéiie gin day [9, 10].

Trong $ nhitng td-pdanh hréng tr hiéu tng nay,
mang Distributed Loop Network (DLM) véi bac x
[2], gdm c6 ndinh dugc sip xép trén 1duong tron va
dugc thém caatuong rdi tat gitta cacdinhi vaj maj
=i+ [n/2] mod nvei k=1, ...,x - 2. thi nay
c6 duong kinh la logarithmic & x = logn. Koibuchi
va cacddng nghép [2] ding da gisi thiéu td-pd @i la
DLN-x-y trong d6 y 1a & lién két ngiu nhiénduogc
thém vao rii node trong DLNx. Nhitng d6 thi nay c6
bac hing $ va duong kinh logarithmic &i x, y b
dinh. Mang thé gi¢i nho caa Kleinberg trong [15]a
gom 1 éi 6 vudng i cacduong i tit duoc thém
vao ding da thé hién day du vu diém aia higu ung thé
gis¢i nho. Tuy nhién, nitng t6-p6 nay cé rimg nhroc
diém quan tong, DLN4ogn c6 duong kinh
logarithmic nhrng kac logn I6n, DLN-x-y c6 duong
kinh logarithmic va bc hing $ nhueng ghi thuat tim
duong yéu du nhing théng tin aa toan b t6-pd, va
quan tong nhit la chi phi cap éi 1a qua bn. Trong
khi @6, mic du c6 8 lugng cap Bi nho hon, bic hing
6, duong kinh logarithmic niing mang thé giéi nho
cia Kleiberg & dung tim kém tham lam i do dai
duongdi chi 1a binh plrong aia Kt qua ti wu [16].

DPé giam thiéu chi phi cap é trong mang, c6 2
phuong phapda duoc dé xuit boi Koibuchi vadong
s [7], [11], trongdO ngroi ta tao ra cac t6-po eh
ngau nhién c&do dai duong di nho gan nhr cac t6-pd
ngdu nhién hoan toan vaaicthién cach b tri coa
chung trong khéng gianav ly. Mot trong 2 plrong
phap & dung y wrong ndiu nhién hoa céac liénék
mang sau khidi uu bd cuc vat ly, trong khi plrong
phap kia éi uvu b5 cuc vat ly sau khida ndiu nhién
hoa céac lién & mang. Tuy nhién, theo quatiém cia
chang tbi, véc ar dung mdt phan b ngau nhién éng
thé khong chi ydén yéu 6 dia ly khéng gian co th
dan dén viéc sr dung nhiing duong lién Kt qua dai,
khéng @n thiét.

ap V-1, $ 13 (33), thang 6/2015

Trong [1] céc tAc gida dé xuat md hinh nang lién
két Distributed Shortcut Network (DSNY y tudng
khai thac hiu (ng thé giéi nhé du \an xay drng Mot
t6-pd \Gi cac lién Kt ¢6 dinh. Dya trén ndt mot do thi
ring bandau, y trong naydé xuat viéc dua vao cac
lién két xa, tuyn chon theo céach tic dic biét dé tao
ra hiu tng thé-gisi-nho, trong khi n dap ung yéu
cau bac hing $. Tuy nhién DSN con c6 miyc diém:
viéc b tri cac nat theo Bt vong tron vt ly 1a khdng
thyc t va réu mién ardng caidat nhr mot vong tron
logic thi ding gay 6n kém cap nng khong én thiét.
Bai bao @a chung t6i & khic phuc vin d& nay king
viéc xem xét cac nat mhcacddi tugng trong khong
gian 3 chtu, hay néiding fon 1a xuit phéat fr mot
lugi 2 chiéu aia cac cabinet — ok thr 3 con hi la
chiéu xép dung aia cac nat tinh toan trong din
cabinet. Véc thiét ké cac lién Kt xa $ duoc ap ding
theo hai plrong thay vi ndt pheong nhr truéc kia.
Nho d6 td-podé xudt s dat hiéu qua tt hon, dic biét
la giam chi phi cap nng.

. LUQC PO THIET KE DISTRIBUTED
SHORTCUT NETWORK — DSN

Chung t6i xin trinh bay témit vé mé hinh DSN
ma chung t6i da theodé phat trén dé xuit msi nay.

DSN duoc ciu tao nhr mot ring gdm n nat duoc
nhom thanh céac siéu nat liéréi kich throc p =
log n. M&i nat c6 2 lién Et ngin vé hréng wi 2 nat
truéc va sau trén ring va coéled mot lién két xadi ra
dugc goi la shortcut. Mdi siéu niat cé & da p-1
Shortcutdi ra Wi d6 dai trong tng n/2 véi k =
1..logn (6 day d6 dai tinh theo & nGt di qua trén
ring). Trong qua trinkiinh tuyén, tr tip cacShortcut
nay ngroi ta chon raShortcutlan @n cé kh nang di
xa mt khoang bing Xap xi nira dudng di téi dich.

Dudi day, ching tdi & trinh bay tém it ciu tric
cia t6-pd DSNx-n v6i n nat, hay ngn gon 1a DSNX,
ma g d6 tham § x duoc chon ram gita 1 vap—1thé
hién cho fp cacShortcutdé dai khac nhaui@ not
super-node:
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« Céiu tao ring: n nat dugc sip xép trén 1vong va
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gan dicht (thuong ladi qua not chat); khido ta co th

mdi node c6 nt ID tir O i n—1. Mdi nodei ¢d 2 don gian di chuygn bing Suc/Predthing i t.

lién két vd heéng mi bo t6i node lan én (i-1)
mod n va (i+1) mod n Hailién két nayduoc lan
lwot goi la Pred va Succ.

« Phan loai node: mdi nit c6 ndt cap (leve) nam
trong khang tir 1 t6i p. Cdp duoc gan theo it
chu k: cip i= T1..p Gtng Wi cac nat cé
ID=k xp+i—1 trongdo k=0,1,2,...,|n/p].
V6i mdi nat cp |, ta dong thoi dinh ngha chéu
cao (height) 6a nitdé kang p+1-1. Theodd, nat
cang cao thBhortcutdi cang xa va Gt v6i chiéu
caop (cap 1) co Shortcutdi xa nrat, hon Mot nira
ring.

 Shortcut: Mdi nit c6 dp [ < x c6 not lién két
Shortcutdi téi ndt c6 ép 1+1 va ¢ chéu dai theo
chiéu kim dong 1 it nhit |n/2!|. Vi vay ta con
goi day laShortcut @p |.

DPé minh tpa, Hinh 1 md chi tiét ciu tric mang
DSN-3-16 i 16 nat.Cac nat va lién ét ngin (Pred,
Sucd nam trén vong tron mau xanh. Cac liédt
Shortcutdugc minh ha hing cac enh mau vang |
céc lién Kt c6 hréng. Cac natiuge gin nhan theoip
(ID, cip).

Giai thuat dinh tuyén cia DSNdugc phat trén tir
céach thirc dinh tuyén don gian gitta cacsiéu nit éa nd
(twong tr nhe DLN-X [2] cia cécsiéu nat). Dxsi day
chung ta & trinh bay s lugc y trong chinh éa gii
thuat dinh tuyén cho DSN, chi 6t c6 th tham khio ¢
[1]. Giai thuat dinh tuyén cia DN gém 3 pha: )
PRE-WORK cho phép nat ngastim kiém mot nato
pham vi Ian d&n v vai chiéu cao phu bp (day la pha
chuin bi cho pha & tiép); (i) MAIN -PROCESS lién
tuc sr dung cacShortcutcé kh ning chiaddi duong
di toi dich t, nhim tién t6i pham vi ngay satt; (i)
FINISH di chuyn ti dich sr dung lién Kt noi bo ciia
siéu nat. Cha yang MAIN-PROCESS la 6t qua
trinh kip: di xudng lién tc tr node hén tai u dé tim
node v c6 chéu cao én thiét thip Fon va chn
Shortcutchiadbi khoang cach, sado lap lién uc qua
trinh nay Wi nut u moi. Qua trinh dp chi diung khi
khéng conShortcutnao kh dung, ngha la rat u dada

4 Pred (4, 1) Suce 5.2)

» T .

-0, 3)

13, 2)

1z, 1 (17, 4)

Hinh 1. Giu tracday di cia DSN-3-16

{ID, tever)

IV. PE XUAT MOI: TO-PO 3C-DSN DUA TREN
LUOI CAC SIEU NUT HAI CHI EU

DSN la not giai phap lai gira té-pd mang dién
hinh (mesh, torus, ...) va {# rang ndiu nhién nim
hudng i mot t6-pd don gian nhrng #in dung dugc
nhiing shortcutdd duoc i wvu. Mic du \dy, DSN
dugc thiét ké dya trén ndt ring mot chiéu cho nén khi
trién khai thrc # s3 cin sip xép lai cac node, céc lié
két cho phu bp v6i diéu kién ha ting thrc tién l1a
khong gian 3DDiéu nay dn t6i yéu cu tinh toandi
cac ch sb vé chitu dai day, cach dtri trong not
cabinet (@ chra cac nat # ly), ... Nhnig khac bit
nay 1a kho kiin khéong B nho cho nwdi trién khai, cé
thé anh hrong Ion 6i hiéu nang thrc .

O day chung t6idé xuit 3D-DSN mo rong tr DSN
sao cho tha k& day du cac diém manh dong thoi
tuong thich hoan toansv méi truong thre t 3D trong
phong may, @ing nhr thiét ké caa cac cabinet Bn tai.
Thay vi dra trén kén tric vong o s3, 3D-DSNdugc
xay drng theoding cach b tri vat ly 3D cia phong
may mao d6 cac cabinettugc sip xép theo rdi 2
chiéu ngang va dgc con tn than chdu dang 1a chéu
ciia cac nat cungam trong 1 cabin. Cach xay dng
3D-DSN € duoc lan luot trinh bays Phan IV.1 tredc
khi ching tadi vao phan ich cacdic diém cia n6o
Phan IV.2.
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Hinh 2. aT6 pd @ <6 cia cAc cabinet, b-Btri Shortcut gira cac cabine

IV.1 Thiét ké t6-pb
IV.1.1. T6-pd @ ¢

Nhin & gocdo khai quat, 3DBSN latd-pd aia cac
cabinet (@i 1a t6-pd ® sd) ma tron( d6 moi cabinet
chra mit s5 cac nat tinh toarthdng throng. Céc
cabinetdugc két ndi dua theo mt torushai chéu Véi
n cabinets theo &i chiéu ngang hayloc (Hinh 2-a) va
ID cua cac cabinetdsdugc danh $ la (X, Y) dua trén
2 chiéu nay. M cabinet § duoc thiét ké nhu la 1
super-nodey trong DSN (2 thét ngi nay, cabinet v.
super-nodetic siéu nuat, & dugc Sr dung song son
véi nghiia trong duong, tir phi ¢ cha thichd).

M&i cabinet § c6 2logn Shortcut duoc chiadéu
cho 2 chéu X, Y. O mdi chiéu, cac ‘hortcutlan luot
di t6i cac cabinet kha® khaing cachn/Z so \6i
cabinet gc, Wi i = 1 ... logn(Hinh 2b).

IV.1.2. T6-pdday dii

Chi tiét hoa thét ké co so trén, ndi cabinet 1 mt
super-node baoom p = logn natthéng throng dugc
két ndi voi nhau b mét ring, nghia 1a ndi node théng
thuong c6 2 lién kt pred/succtsi node IEn trude va
lién sau trong cling cabinet (coni da lién Kt intra-
cabine). Téng dng c6 n® cabinet/supenode, ndi
super-node cdogn nut théng tlrong nén kich tuéc
mang |aN = rlogn. Dva trén ID @a cabinet, ID ¢a
mot node mang thong tlrong 1a(X, Y, i trongdo (X,
Y) 14 ID cua cabinet,i la cip cia node bén tron
cabinet.

Nhu d& néié phan trede, cac cabinedugc lién Kt
v6i nhau i mot Torus2 chéu két hop voi hé thong
Shortcut Thuc chit cac lién Kt giita 2 cabinet/sup-
node & day la nhing két ndi giita cac node thon
thuong aia 2 cabinet (g la lién Kt inter-cabine.
Két ndi thir nhat nham lién Kt hai super-node liénép
trén torus 2 chu a s5. Chungdugc hién thuc hda
nho lién két tr node cdi cung @a mdt supe-node
naodo t6i nat dau tién @a supe-node len sau (gi 1a
lién két X/Y-sucg va tr ndt dau tién @a super-node
nao do toi nat cubi cung cua super-node dn trudc
(goi 1a lien Kt X/Y-pred. M6 ta cu thé cac lién Kt
nay nhr sau (Hinh 3-a):

Madi nat théng throng dip 1 c6 mot X-predva not

Y-pred

o X-pred tur (X, Y, 1)téi (X-1,Y, p)— i nat co
cip cao nlit cua cabinet Bn trudc theo chiu
X.

o Y-predtrx (X, Y, Dtsi (X, Y=1, p} 16i nat co
cip cao nlt cua cabinet Bn trudc theo chiu
Y.

MJdi node théng thong & cip p c6 mbt X-succva

mot Y-succ

o X-succtur (X,Y, p)toi (X +1,Y, 1)— ti nat
c6 cip thip nHit cia cabinet Bn sau theo chii
X.

0 Y-succ(X,Y,pto(X, Y+ 1, 1)-ti node co
cip thip nhit caa cabinet Bn sau theo chi Y.
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X-Shortcut

Dash line: link of

super nodes%

Hinh 3. a-Kt ndi 2 cabinet lén ké. b-Céac Kkt néi lién cabinet (inte-cabinet)

Loai lién két inter-cabinetth 2 chinh la ca
Shortcutduoc thiét ké mot cach pha bp nhim giam
thiéu duong di gitta cac cabinet. ® cabinet/supe-
node c62p=2logn Shortcuituoc phan phdi nhu sau
(Hinh 3-b):

«  Mai node théng thong c6 ép tir 1 téi p—1c6 2

Shortcut gm:

o Shortcutthir nhit tir node K, Y, i) t6i node Q(
+n/2, Y, i+ 1) di téi supernode gn nHit &
khoang cachn/2' trén tuc X theo chéu kim
dong h; nodedich c6 ép i +1.

o Shortcutthir hai tir node (X,Y, i) téi node (X,Y
+ n/2, i + 1): twong tr nhu truong hyp trén
cho tyc Y. )

+ Node cwi cling @ia nbi supernode \6i cap p &

khong co6 Shortcut. .

Tong ket lai cau trac mang aia 3C-DSN bao gm

N nodes,N = n? x logn véi n nguyén arong. Moi

Level 1 e

/

Arrow: ¥/Y-Sho-tcut L
0, n

Selid: X/Y-5ucc/Pred

Dash line: lirk of super-nades

Local Succ/Pred are omited

nodedugc danh $ vai ID 1a (X, Y, i)trongdd X, Y=1
..nvai=1...log n. Ngoai ra(X, Y)con la ID @a
super-nodeuong tng Wi node d6 vai la cip aia
node bén trong super-node.
T6-p6 3D-DSN coit ca 8 loai két ni:
 Intra-cabinet két ndi noi bo cabinet; Mi node c¢
2 két ndi noi bo cabinet, gi 1a pred/succlan luot
t6i node Ién truéc va 1én sau theo chu kim
ddng hb trong cuing cabine
 Inter-cabinet két ni lién cabinelduoc chia lam 2

nhom
o Shortcut:cac node cccip tr 1 i p — 1¢6 2
Shortcut:
= X-shortcut tr node X, Y, i) téi node ¥ +
n2,Y,i+1)
A
- o

L_// Super-node (0,0)

Hinh 4. T6-p6 3D-DSMay dii
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= Y-shortcut tr node (X Y, ) t6i node (X Y +
n2,i+1)
0 Kaeét noi 2 cabinet Ign ke:
= Node \6i cip 1c6 2 Ig’t ndi X-predva Y-pred
lan luot t6i node cd ap cao nlat caa cabinet
lién truéc theo chdu kim dong h trén tuc
X, Y.
= Node i cip p c6 2 Kt ndi X- succva Y-
succlan luot t6i node c6 &p 1 dia cabinet
lien sau theo chu kim dong to6 trén tuc X,
Y.
CAu tricday du caa 1 t6-pd 3DDSN duoc thé hién
trén Hinh 4.
IV.1.3. Gigi thugt dinh tuyén
Giai thuat dinh tuyén cia 3DDSN dugc phat trén
ty nhién fr DSN trongdé diém méu chbt 1a cach &
dung céac Shortcutdé “cuwa d6i” duong di tir mot
cabinet &i cabinet khac trén cungutc X, Y. buongdi
tir node ngdn s(X, Ys, ig) t6i dicht(X,, Y, i) duoc chia
lam 2 giaidoan lon la: giai doan mjt di tur cabinet
S(%, Y. cia node ngén s toi cabinet trung gia
M(Xm Ym) Sao choM nam trén cung tc X so \6i
cabinet ngn S, ngha l&: Yy, = Ys, ddng thyi M ndm
trén cung tuc Y so \Gi cabinetdich T(X, Y;), ngha la:
Xm = X;; giai doan haidi tir cabinet trung giaiM toi
cabinetdich T (Hinh 5). Mbi giai doan nay § tuong tr
nhu mot qué trinhdinh tuyén gitta 2 node trén DSI

”,O'—__
Cx S
a5 O
GO e Py
K -\;‘:4’/ /// \Nﬁlurdwnz ‘ \O
A vl @ N
o RV i e
/Cl / ) /,>j/

Hinh 5.Puongdi can tim (diu hoi) dwoc chia lam 2
giai dogn hoi cabinet trung gian N

ap V-1, 13 (33), thang 6/2015

O giai doan thr nhit, truéc tién ghi thuat di
chuyén ndi bo trong cabineS dé tim node c6 &p phu
hop s hitu X-Shortcutco tté chia ddi duong di tur
cabinetS t6i cabinet trung giaiM, ngha la chéu dai
cua aia X-Shortcutnay ntd hon khaing cach §, M
nhung lén hon haic king 1/2 khéng cach S, M.
Bing céach liénc sr dung cic X-Shortcutcd dic
diém nay, sau @i lan giai thuat dam bio khaing cach
toi cabinetM dugc giam di mot nira (goi 1a phrong
phéap chiadéi duong di). Cha y iang cac Shortcut
trong giaidoan naydéu nim trén cung c X nén qué
trinh nay trong tr nhe pheong phapdinh tuyén trén
ring caa DSN. Hoan toanrbng tu, giai doan thr hai
bat dau bing viéc tim kiém Y-Shortcutpht hyp trong
ndi bo cabinet trung giaM nhim ara déi duong di téi
cabinetdich T. Biém khac bt duy nhHit |a giai doan
nay hoan toanay ra trén tac Y voi viéc clpn lya lién
tiép cacY-Shortcutié di téi dich.

Chi tiét hon, khdng nit tinh ©tng quéa gi st X, >
XsVA Y, > Ys Vady(S, T =X —Xs, dv(S, T =Y, =Y Ia
khoang cach an luot trén tuc X, Y giita 2 cabineS,
T. Tru6c hét, trong giaidoan 1 gii thuat sir dung két
ndi noi bo (succhaic pred) dé tim kiém node ép i c6
X-Shortcutvsi d6 dai n/2 phu top cho vic chiad6i
duong di trén tuc X, ngha la: %dX(S,M) S%S
dy (S, M) hay lIgn—-lgdy(S,M)< i< Ign-—
lgdy(S,M) + 1, chi y &ng réulgn —lgdy (S, M) la
sd nguyén ta cbn i = lgn —lgdy(S, M), ngroc lai
choni =lgn —Ilgdy(S,M) + 1. Ta c6 tlé hiéu rang
trong cabineS day laX-Shortcutdai nHit khéng wot
qua cabineM. Sau khi chn duoc X-Shortcuidau tién,
ta c6 ti¢ lién tuc st dung cacX-Shortcuty chinh node
hién tai (46 dai king 1/2Shortcutvira sr dung), hdic
dung céc lién & succdé tim ra X-Shortcutngin phu
hop hon ngay K sau. Giaidoan 2 khac bit & chd no
hoat dong trén toc Y, do d6 cip i pha hyp la:
i=lgn—Igdy(S,M) hoiac i =lgn—lgdy(S,M) +
1. Giai thuat dinh tuyén gia ngdn ng@ chi tiét dugc
trinh bay trong ph luc.

Giai thuat dinh tuyén duoc chia lam 5 pha rih
trong d6 3 pha PRBAORK, IMMEDIATE va
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FINISH chi di chuyén ngi bo bén tong cabinet, 2 ph
con hi MAIN-PROCESSX/Y la phin quan tong
nht khi ta thrc ar sir dung cacShortcutdé di chuyén
gitta cac cabinet. Chd yamg thi tuc nho
ProperLevel(U, V, dimensiomroc ar dung dé kiém
tra cip phu lp hién tai trong cabineiU dé s dung
Shortcutdi téi cabinentV theo chéu “dimension”.
Mot duong di dién hinhduoc giai thuat tim ra § c6
dang nhr trong Hinh 6

/
O //’_ (‘) ;\‘\‘__/

Hinh 6.Dwongdi dién hinh trong 3I-DSN

IV.2 Pic diém ndi bat cia t6-pd 3D-DSN

Trong phin nay, chang taéscungdiém qua nét s
tinh chit ciia t6-podé xuat 3D-DSN.
IV.2.1. Bdc hang (Constant degree)

Tinh chit 1: T6-p6 3D-DSN c6 Bc (degree) ing
s6 ma @ thé la 6, trong duong Wi 3D Torus

Tinh cHit nay gitp tét kiém cac éng mang dé két
néi dugc nhidu don vi tinh toan bin trén 1 switc,
dong thoi ciing la tét kiém chi phi do chphai mua
cac switch it ng hon nhéu. Tham chi khidat vao
tinh hibng mubn sr dung cac switch 4t nhiéu adng
(32, 64), ngoaidi ich trén ta con c6 ttan dung cac
cong dé tang arong két ndi cuc b giita cac switct
trong cling cabinetdi chi phi khéngdang K. biéu
nay la i vi d& giam dugc 1 lién Kt trén duong di
gita 2 node, ta c6 éhkét ndi cac swith trong cln
cabinet i d6 dai day ngn sr dung caccapdong gia

ap V-1, 13 (33), thang 6/2015

ré thay vi & dung cap quancdit do dé két ndi 2
cabinetd xa (Van 1a giam 1 lién Kt).
IV.2.2. Buong kinh mgng

Tinh chit 2: 3D-DSN c¢6 duong kinh mnang
logarithmic, nghia lalogN trong d6 N la kich thréc
mang.

Chizng minh: Dya vao gii thuat dinh tuyén trén,
chang ta &tinh toandé chi ra ing dudng di tim duogc
gitta bit ky 2 node naoimng lalogN. D& dang nkn
thiy trong cac pha PRB/ORK, IMMEDIATE va
FINISH, giai thuat chi can sr dung céc lién Et noi bo
cabinetpred/sucaié tim ©i node mong mén. Vi mbi
cabinet c@ = log n node thﬁng thbrng khaing cach
t6i da cin di & moi pha $ Ia , va bng ong 3

pha 1a3/2 logn. 2 pha MAII\ PROCESS X/Y hoan
toan trong ty nhaué cach 1« dung cacShortcutdé
chia d6i dwong di t6i cabinet mong mén. Ta co th
dé dang cltrng minh &ng trong cac pha na [1]) ta

lubn duy tri At dang thac sau: M

Zlu

dX(U M) déi véi MAIN-PROCES:X va 20D <

zl < dy(U,T) d6i véi MAIN -PROCESS-Y. Ml pha

két thuc khida ©i duoc cabinet mong nén haic &

ngay lén trede (khi ¢ cip cao nft |, = p, va kit ding
thuc tréndam hao tada i ngay tuege cabinetdich).
Chu y ing trong 2 pha nay, 6i lién két ta chon du la
X/Y-Shortcuthay X/Y-Succthi cip déu ting thém 1
bac. Vi c6 fit ca p cip nénsd lién Kt t6i da céin cho
mdi pha nay I3 = log n.Tém lai, tit ca 5 pha @én i

da 3logn+2[ogn =3.5logn = 1.75log N.

Thuc t cho thy day d nhién chra phii 1a duong
di téi vu. Tuy nhién, nb vao gii thuat dinh tuyén nay
ma ta c6 rgt chan trén choduong kinh mang, la ndt
thuéc do dam bao ring 3DDSN coduong di gitra cac
node nid, do d6 dam bao yéu éu dd tré mang thap.
Ngoai ra Kt qua ly thuyét nay la 6t hon so \6i két
qua tuong tr trong [1], & d6é ckan tréndugc chi ra la
2.50gN, I6n hon gia ti 1.75logN ¢ day, ding gvi y
cho thiy duong kinh @iadd thi 3D-DSN 1a nfb hon so
vai DSN ao ban.
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IV.2.3. Chiéu dai day cap, so sanhs3D Torus
Tinh chit 3: 3D-DSN va 3D Torus ¢6 cundd dai
day intra-cabinet, vaah hrot c6 do dai day inte-

cabinet Iélgng’, 2n?logn.

V. PANH GIA TH UC NGHIEM

Trong phin nay, chang t6i troc hét so sanhiuong
kinh va gia tr trung binh @a duong di ngin nHit
(average shortest path length -- ASRta té-p6 nang
lién két 3D-DSN i cac mang lién Kt dién hinh. Sau
doé, chung toi tinh toan gidittrung binh éa d¢ dai
cap mang khi thét 1ap cac mang lién Kt nay vao trong
phong may & dung ciu hinh caidit caa cac k théng
siéu may tinh B nay.

Mang lién Kt do chiing t6ité xuit cé bic caadinh
la hing $ va hing 6. Theodd, ching tdi & so sanh
mang lién Kt nay Wi cac ming lién Kt khac co cung
so luong nit mng va cung ic. bao §m td pd truygn
théng 3D-Torus, rang lién Kt ngiu nhiér DLN-2-4
dé xuit trong [2] va mang DSNco ban dé xuit trong
[1]. Chung t6i 8 sir dung cac tén @ ky hiéu sau 4n
lwot v6i cac mang lién Kt dé cap trén 3D-DSN, 3D-
TORUS, RANDOM, va DSN.

V.1. buong kinh va gia tri trung binh dwong di
ngan nhat

Hinh 7 va Hinh 8 th hién mji twong quan dia
duong kinh mang, d6 dai duong di ngan nhit vai kich
thuéc mang. Trong ét ca cac kich tieéc mang, mang
lién két RANDOM cé duong kinh vado dai duong di
ngin nhit 1a nk nhit. DSN va 3DDSN lan luot co
két qua tét hon Torus va tip cin din t6i RANDOM.
Theodd, mang lién Kt 3D-DSNduoc ki vong co tie
c6 dat dugc hiéu ning (@ tré truyen tin) gin giong Wi
mang lién Kt RANDOM.

Mit khac, quan sat Hinh 7 va 8ng cho thy khi
kich thréc mang to nén bn hon, ca RANDOM va
3D-DSN déu c6 dudong kinh va trung bintdo dai
duong di ngan nHit 1a ngin hon so \¢i DSN, va At
nho so Wi Torus. Dod6 chiing ti néiang, hai mng
lién kit RANDOM va 3D-DSNnay c6 kla ning mo
rong (scalability) 6t hon Torus.

ap V-1, 13 (33), thang 6/2015

~~&-- 3D-Torus

< 7 =-x-Random

——3D-DSN

10 4
—=—DSN /

Diameter (hops)

Network Size (log2 N)

Hinh 7.Diameter v. Network Size

& 3D-Torus

- % -Random

—e—3D-DSN

—=—DSN

Average shortest path length (hops)

7
Network Size (log2 N)

Hinh 8.ASPL vs. Network si

Chung téiuéc hrong do dai cap rang cin thiét khi
trién khai cac rang lién Kt vao phong mayat ly caa
cac fi mang (cabinet)O d6, dién tich @ia phong may
dugc gia st la khéng gbi han nhim phuc vu cho viéc
nghién cu cac nang lién Kt co kich thre bat ki.
V.2. Trung binh d¢ dai cap mang

Cac tt mang chra cung 8 lwvong nat mng vaduoc
dat trong ndt lusi AxB Trongd6 A= [Vm|vaB =
[m/A] véi mla s lwong t mang. Khi trién khai ming
lien két 3D-DSN, ndi ti mang trong phong ma
twong tng chinh xac & mot siéu nat (sup-node)
trong mé hinh thit ké logic. Vi di, mang 3C-DSN
gdm 1024 nat mang dugc caidit thanh mang lesi cua
16x16 tt mang mao d6é cacti mang cung clira 4 nat
mang. Cach #p xép bd tri t1 mang nay (layout) sad6
dugc ar dung dé trién khai cac rang lién Kt con hi
trong qua trinktanh giadé dai cap mng.
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Vé6i mot cach b tri phong may ¢ thé, ching toi
tinh toandé dai cap mng dra trén trinh bay tror
[13]: d6 dai day cap trung binh trongd hang la2m,
mdi mot day cap mng dugc tinh thém rt khaing
doi ra (overhead) trung binh 1a 2Bay c4j ndi cac
mang Wi nhaudugc tinh dra trénkich throc aia ti
mang. Chang t6i @ng gié s rang, ndi ta mang 6
kich thrgc 0.6m x 2.1m baodgn ci khdng giardé cai
dat hé théng lam mat (theo khidp céo trong [27).

14

&+ 3D-Torus

12 4+ -x-Random

——3D-DSN

—=—DSN /"

%
L

fos

.

Average cable length (m)
=

()

5 7 9 11
Network Size (log2 N}

Hinh 9.Average cable length vs. Network

Hinh 9 mé 4 sy thaydéi cua trung bintdd dai cap
mang khi thaydoi kich thréc cia mang theo ing
mang lién Kt duoc ching toéidanh giaO dé, cacdiém
c6 gia ti nho hon duoc danh gia 1adt hon trongdanh
gia hiéu ning cho mang lién Kt. Nhan thiy rang, 3LC-
DSN c6 Kt qua trong tr nhue DSN trong lau hét cac
truong hpp va mm rit gan Torus (twong hpp tot
nhat). 3D-DSN ding tiéu 6n do dai cap mng it fon
RANDOM va ting din tir 12.74%dén 42.03% thesy
tang din cia kich thrgc mang.

VI. KET LUAN

Phat trén tr mang DSN @ ban [1], chdng t6ida
xay drng t6-pd mang lién Kt 3 chéu 3C-DSN, tiép
tuc phat huydiém manh & tiét kim cap mang. Y
teéng mo rong aia ching téi lady mot 2D-Torus 1am
co 0 thay vi 1DRing nhr trong [1]. Viéc xay drng
céac lién Kt xa vi t¢ duoc tién hanh theo 2 rong,
ddng thoi thuat toandinh tuyén duoc phét trén theo 5
pha thay vi 3 pha mhtrong [1]. $ di s5 pha ing Ién
la do trong 3DPSN, chang tdi tAch qua trindinh
tuyén theo siéu nat thanh 2 gidban co ban: di theo

ap V-1, 13 (33), thang 6/2015

chiéu ngang &i mai di theo chéu doc (tirc 1a mdi pha
trong hai phafau cia DSN — phic wu qué trinhdinh
tuyén siéu nat —duoc tach thanh 2 pha con trong -
DSN).

Chung toi tén hanh ko séat cac thic tinh @a té-
pd dé xudt trén @ 2 phrong dén ly thuyét va thrc
nghiém va dat duoc cac Kt qua kha quan, cho thy
3D-DSN la @n gii véi tng ding thyc & hon so \bi
DSN a ban. V& mat ly thuyét (IV.2.2), thuit toan
dinh tuyén cia 3DDSN co tté choduongdi ngin hon
so Wi DSN. C6 ti¢ néi 3C-DSN la mdt giai phap
trung gian hiu qua gitra Torus va mng ndiu nhiéndé
xuat boi [2], cho ph@ can lang hiéu qua giita duong
kinh d thi (vado daitrung bint duong di ngan nhit)
vai chi phi cap rang.

LOI CAM ON
Chung t6i xin ém on cac tac @ trong [17,19,20]
dadong gop nhiu y kién qoi v.
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