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Tém tat - Hién tai c6 rat nhidu phwong phap dé tiét kiém nang
lwong cho chuy&n mach nhu: tit cbng, thay ddi ché d hoat dong
cho céc cong Ethernet khi khéng c6 lwu lwong di qua hodc lwu
lwong thap. Cac céng Ethernet sé dwoc bat 1&n hoac thay dbi tbc do
hoat dong vé cac téc d6 cao hon khi co lwu lwong qua né. Tuy
nhién, viéc thay ddi trang thai clia cac cdng Ethernet nay sé tao thoi
gian tr& (DELAY-TIME). Néu chung ta biét dwoc thdi gian tré nay thi
chling ta co6 thé dwa ra céc thuat toan dinh tuyén va co ché didu
khién hop ly d& dam bao khdng anh hwéng téi viéc truyén dir liéu va
mét géi tin trong mang. Trong bai béo nay, chting toi dé& xuét mot
phuong phap dé do thoi gian tré& khi thay (30| trang thai hoat dong
céc cbng clia chuyén mach OpenFlow trén nén tang NetFPGA.

Tw khéa - chuyén mach OpenFlow; NetFPGA; thoi gian tré; trung
tdm di liéu; mang di liéu xanh.

1. Pit van dé

Ngay nay nhiing ung dung mang nhu dién toan dam
mdy, mang xa hoi hay dich vu da phuong tién dé tré nén
rét phd bién. Viéc trién khai co so ha tang mang bang
thong rong ¢ cac mang 16i da tré nén phd bién trong
nhitng nam gan ddy. Boi vdy, nganh cong nghiép cong
nghé thong tin va truyén thong (ICT) da va dang thai ra
khoang tir 2 dén 4% luong khi thai cacbon trén thé gioi,
voi nén cong nghiép hién nay, con s6 d6 co thé tang gap
doi vao khoang nam 2020 [1]. Tuy nhién, cho t&i gén day,
ICT van chua dép tmg duoc du cac yéu cau vé st dung
nang luong hop 1y, d6 la con chua ké dén sy phat trién rat
nhanh cua truyén thong va Internet. Nong cbt cua hé
théng mang ngay nay duoc thiét k& nhdm chiu dwoc sy
phan tan cao vé mat luu luong chuyen mach, ciling nhu sb
lwong két ndi, diém nit mang nhim dam bao tinh nguyén
ven va giam thiéu tré trong chuyén phat goi tin [2], [3].
Khi xem xét k¥ hon vé cac thanh phan trong mot mang
ludi, nang lugng ti€u thu cla cac thiét bi hién nay la on
dinh va khong phu thudc vao thuc té tai trén thiét bi do.
Do vay, mot s6 luwong 16n nang lugng ti€u thu trong cac
co so ha ting mang s& dan dén chi phi van hanh cao va
anh hudng 16n dén méi trudng.

Viée giam ning lugng tiéu thu ciia chuyén mach s&
dan dén giam chi phi hoat dong trong trung tam dir liéu,
mang lai lgi ich cho ca cac nha dau tu 13n nguoi ding véi
chi phi dich vu giam. Khong nhiing thé, viéc giam ning
lugng ti€u thu con mang lgi ich to 16n cho mdi truong,
giam hiéu ing nha kinh.

Hién nay c6 mot sd chién lugc dd duoc dé& xuét cho
chuyén mach va dinh myén tiét kiém nang luong, cu thé
nhu co ché chu dong thich nghi téc do truyén tai [4], [5],
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ché @9 tam ngung hoat dong théng minh [2], [6]. Ngoai
ra, trong [7] dua ra mot phuong phép khac d6 1a thay doi
toc do lién két trén cac cong (1GB/100MB /10Mb) theo
chiéu dai hang doi bang cach giam tin s§ ciia Ethernet
MAC xudng 25MHz. Tuy nhién, nhitng két qua trong [2],
[4], [5], [6] va [7] chua dua ra danh gia thoi gian tré
(DELAY-TIME) khi thay dbi trang thai hoat dong cac
cong cua chuyén mach Openflow. Vi vy, trong bai bao
nay chung t6i trinh bay phuong phap va xdy duyng hé
thong do dac dé danh gia DELAY-TIME khi thay d6i
trang thai ctia cic cong Ethernet. Nhitng cong viéc ching
t6i da dong gop bao gom:

e Giai phap thay ddi trang thai céng Ethernet cua
chuyén mach dé tiét kiém nang lugng trong truong hop
lru lwong di qua thip hodc khong c6 luu lwong.

e D¢ xuat cac phuong phap dé do thoi gian tré khi
thay d6i trang thai cdng Ethernet cua chuyén mach
OpenFlow.

e Dua vao phuong phap nay, ching t6i xay dung hé
thong thuc nghiém va dua ra thoi gian tré.

Phan con lai ctia bai bao duoc td chie nhu sau: Phan 2
Trinh bay cac vin dé lién quan. D& xuit phuong phap do
thoi gian tré clia cac cong chuyén mach OpenFlow dugc
mb ta trong Phan 3. Phan 4 mo ta viéc xay dung hé thong
thuc nghiém va két qua cac phép do. Két luan va huéng
nghién ctru tiép theo trong Phan 5.

2. C4c van @ lién quan
2.1. Gidi thigu vé bé chuyén mach OpenFlow

B0 chuyén mach Openflow bao gém 3 thanh phin
chinh: Flow-table, Secure Channel, giao thirc Openflow.
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OpenFlow

B Switch Controller

Openkow =
sw Secure Pratocol
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Hinh 1. Céu triic ciia mt chuyén mach OpenFlow [8]
Flow-table: Bang nay bao gom céc flow-entry va mdi
flow-entry c6 mdt Action di kém dung d€ xtr 1y cac flow.
Secure Channel: La kénh giao tiép gitra bo chuyén mach

va bo didu khién. N6 cho phép gdi tin truyén qua lai gitta bo
diéu khién va bo chuyén mach sir dung giao thitc OpenFlow.

Giao thirc OpenFlow: La giao thirc giita chuyén mach
Openflow va bd diéu khién. N6 cho phép bd diéu khién c6
thé chinh stra flow-table cua chuyén mach. Béng cach nay,
cac nha nghién ctru va nhitng quan tri vién tranh dugc viéce
phai 1ap trinh cho ting bo chuyén mach. Thay vao d6, ho
chi can 1am viéc trén b diéu khién ciia toan bd hé thong.

Headers _ Counters

Tnpar | MLAC [ MAC | Ethernel VIAN 1P |[1P | 1P TCP | TCP

Port Sre Dst Type m Sre Dst pratacal | Port | Port
Sre Dst

Hinh 2. Céu tao ciia mét flow-entry
2.2. Gidi thiéu vé NetFPGA

Trong bai bao nay, bd chuyén mach OpenFlow duoc
xay dung trén nén tang NetFPGA. Nén tang NetFPGA
bao gébm 3 thanh phan chinh: phan ctng, phan mém,
gateware [9].

";—m PC with NetFPGA

NetFPGA Board

\

0P [ n02c L nDe g e

Hinh 4. So d6 tong quat ciia hé thong NetFPGA [9]

2.3. Gidgi phdp thay doi trang thdi cong ciia chuyén
mach OpenFlow

Céc cong Ethernet tiéu tér} kha nhiéu nang lwong [10].
Chung ta c6 thé cat giam nguodn ti€u thu nay khi luu lugng
di qua cac cong giam hoac khong cé luu lugng. Trong bai

bao [11], [12] chung t6i da dé xut mot phuong phap thay
dbi trang thai ciia cong Ethernet cho chuyén mach
OpenFlow bang cach:

= Diéu khién ché do tit/bat cac cong Ethernet nham
tiét kiém cho chuyén mach, thuit toan dinh tuyén s€ xac
dinh xem nhirng link nao khéng c6 luu luong truyén qua
thi s& duoc dua Ve trang thai nghi, bang cach giri mot ban
tin yéu ciu tit cong & hai du link do.

= Thay d6i tbc d6 ¢ 3 trang thai 10Mbps, 100Mbps,
1Gbps. NetFPGA hoat dong mac dinh & ché do 1Gbps, do
nang luong phu thude vei toc d6 cong nén ta c6 thé ha tde
do nay xuodng thap hon la 10Mbps va 100Mbps dé giam
thiéu viéc tiéu ton ning lugng khong can thiét.

Tir d6, chung t6i xay dyng phan mém diéu khién theo
cac ché d¢ trén dua vao viéc thay doi trang thai cua thanh
ghi diéu khién MII Control Register (Hinh 5).

ETHERNET FPGA PC SOFTWARE
PORT USER DATA
[0:3] PATH
(§
Al SOFTWARE
\r*::> DRIVER <)::> CONTROL

NF2_REG_GRP

i

REGISTER ((———>  MDIO

CONTROL

K==

Hinh 5. So do khéi lién két giita Ethernet va NetFPGA

Dé thay d(x)i‘téc do lién két cac cong Ethernet cho
chuyén mach nham tiet kiém nang luong, tac gia mé rong
ban tin diéu khién OpenFlow [8] duoc dinh nghia nhu sau:

* Ban tin OFPT_PORT MOD:

Chiéu ban tin: B6 diéu khién xudng chuyén mach;

Do dai: 32 Bytes;

Chirc niang: CAu hinh trang thai cong mang;

Céu trac:

struct ofp_port mod {

struct ofp_header header;

uintl6_t port no;

uint8_t hw_addr[OFP_ETH ALEN];

uint32 t config;

uint32_t mask;

uint tlink state;

uint32_t advertise;

uint8_t pad[3];

b

Trudng link_state chira thong tin didu khién céng nhu
trén Hinh 6. Gia tri ‘1” tai 6 co (Flag) s& quyét dinh c6
hay khong dbi trang thai cua chuyén mach. Cip bit {P1,
PO} xac dinh so l}leu cong, cap bit {Bl, B0} xac dinh
bang thong trén cong da chon: “11” tirc 1a 1Gbps, “10”
nghia la 100Mbps, “01” s& gi¢i han bang thong vé
10Mbps, va “00” bi€u thi cho viéc tat cong do.

7 0
E ° = = B1 | BO P1 PO
Flag Reserved Link Rate Port No.

Hinh 6. Triong Link state mé td téc dg ciia cong Ethernet
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So q@ thuét toan trong Hinh 7 du6i ddy minh hoa qua
trinh tiép nhén va xtr 1y ban tin di€u khién chuyén mach
OpenFlow.

Bt tay véi NOX

Nhan ban tin

Thay d&i:
Link_rate
1Gbps

Thay dsi:
Link_ rate

Link rate™~_N
1Gbps?

Y

Két thac

Hinh 7. Luu do thudt todn dié‘u" khién thay doi trang théi
cong Ethernet cho chuyén mach OpenFlow

3. Pé xuit _phuong phap do thoi gian tré khi thay déi
cong chuyén mach OpenFlow

Trong phan nay, chung t6i s€ trinh bay phuong phap
do tré khi thay déi trang thai cua cong Ethernet. Dé thyc
hién do dac trén thuc te, chung t6i thiét ké cac thanh ghi
cling va mém dé diéu khién va do dac tré.

3.1. Phwong phdp do thoi gian tré

Khi tit hodc thay ddi tbc do cua cong Ethernet cho
chuyén mach OpenFlow thi khong co dir liéu truyén qua.
Thoi gian tré bat cong hodc thay doi toc do ciia cong
Ethernet dugc dinh nghia bang khoang thoi gian tir khi
chuyén mach nhan dugc ban tin diéu khién dén khi dix
lidu bét dau truyén qua.

Dé xé4c dinh khi nao thi céng Ethernet cho dit liéu di qua,
chung t6i dd xac dinh dwoc tin hiéu gmii rx_dv tai khoi
rgmii_io [13]. Theo [13] gmii_rx_dv (Reveive Data Valid)
hoat dong trong toan bd mot khung dir li€u, do vay no6 1a tin
hiéu chi ra khung dit liéu dang dugc truyén nhan trén chuyén
mach Openflow. Gia tri rx_dv = 1 khi c6 frame di qua cong
Ethernet va rx_dv =0 khi cé)ng bi tat hodc khong hoat dong.

Xic dinh tré khi bat céng Ethernet: Chung t6i xay
dung 2 khébi bd dém, mot bd dém duogc kich hoat trude
khi bat céng Ethernet va mot bd dém duoce kich hoat sau
khi bat cong Ethernet. Tré bat cong Ethernet 1a gia tri
trung binh cta 2 bo dém nay. Gia tri cia mdi bd dém s&
dimg ngay khi gip tin hiéu rx_dv = 1 va khong dém tiép
ké ca khi rx_dv = 0 (Hinh 8).

Xac dinh tré khi thay doi toc dd cong Ethernet:
chung t6i ciing sir dung bo dém dé do thoi gian tré khi thay
ddi tbc do hoat dong cua céng Ethernet. Tuy nhién, véi
viéc xac dinh tré khi bat cong, gia tri rx_dv luén bang
khong khi céng tat. Khi thay doi toc do céng, né van hoat

dong trude do, vi du ta thay ddi tbe do cong tir 10MHz 1én
100MHz thi gia tri rx_dv s& ¢6 cac thoi diém = 0. Dé do
thoi gian tré khi thay doi téc d6 cbng, ta s& do khoang thoi
gian rx_dv béang khong. Khi d6, chung t6i phai dinh trude 1
gid tri window, gia tri window nay phai 16n hon gia tri 16n
nhét ciia thoi gian rx_dv = 0 trong diéu kién cong hoat
dong binh thuong. Hay no chinh 1a khoang trong gitra 2 goi
tin phat lién tiép. Va window khong duoc 16n hon khoang
thoi gian tré khi thay d6i tbe d6 cong (Hinh 9).

Trong qué trinh thay d6i téc d6 cdng, tin hiéu rx_dv s€
so sanh v6i window, néu khi rx_dv = 0 bang window thi
bo dém s& bt dau dém. BO dém sé tit khi gip rx_dv = 1.
Khi d6 ta c6 thoi gian tré dugc tinh bang:

Thoi gian tré = window + Gid tri ciia by dém

control on off I on
|
\ |
—| delay —
counter | I
Hinh 8. Tré khi bit cong Ethernet
control 10 Mbps I 100 Mbps
e TUILTUTUIT_THL
]
— =y delay ﬁme:-_; .
L
window I I 1
1
counter I I

Hinh 9. Tré khi thay déi toc @ cong Ethernet
3.2. Thiét ké hé thong thanh ghi do dac

Nhu Muyc 3.1 d trinh bay, mdi cong Ethernet s& phai
sir dung 2 b dém, do d6 chung toi da thiét ké 8 bo dém
cho 4 céng cua chuyen mach OpenFlow. Dé didu khién
trang thai cua cac bo dém, chung t6i da xay dung 1 thanh
ghi mém Timer swcontrol reg gdm 12 bits (Hinh 10). 8
bits dau tién cua thanh ghi duoc st dung dé reset gia tri
clia cac bo dém. Khi reset = 1 thi gia trj cac by dém bang

0, 4 bits con lai dé dy trit trong twong lai.
[0]=1

v

11 10 9 8 7 6 5 4 3 2 1 o ‘

" ~

Reserved Reset counters (0:7)

Hinh 10. Thanh ghi Timer_swcontrol_reg

Tiép theo, dé doc gi tri ctia cac bo dém (0-7), ching
t6i tiép tuc thiét ké mot thanh ghi trén phan cing
timer_Hwcounter, bao gébm timer HWcounter | reg va
timer HWcounter h reg dua trén ciu triic ctia Register
bus [14]. Mdi thanh ghi ¢6 32 bit nhu Hinh 11.

High Register Low Register
L. ~ AN ~ ]
32 bit 32 bit
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Hinh 11. Thanh ghi timer HWcounter
Dé lya chon gia tri doc vé ciia cac by dém tir 0 -7,
ching t6i thiét ké thém mot thanh  ghi
timer SWselect reg. Hinh 12 trinh bay toan bo cdu tric
hé thong chung t6i da xay dung dé do dac.
SW_Select

SW_Counter Reg

High Reg

Counter0 —

Counter] —

8 munter< Mux

HW _Counter Reg

Counter7 —

Hinh 12. Hé thong thanh ghi do dac
Dé thao tac doc va ghi v6i cac thanh ghi phin mém,
chung t6i da st dung cac ham doc va ghi gié tri cho thanh
ghi nhu Bang 1.

Bdng 1. Ham doc va ghi gia tri cho thanh ghi

Tén ham Ciu tric him M3 ti
Ham int readReg Ham nay doc thanh ghi
READ_REG  (nf2device *nf2, & dia chi addr tir thiét bi
unsigned int addr, nf2 va tra vé gia tri luu
unsigned int *val)  trong thanh ghi vao val.
Ham tra vé 1 néu 10i, 0

néu thanh cong.
Ham int writeReg Ham nay ghi dir liéu

WRITE_REG

(nf2device *nf2,
unsigned int addr,
unsigned int val)

trong val vao thanh ghi
c6 dia chi addr tir thiét
bi nf2.

Ham tra vé 1 néu 16i, 0
néu thanh cong.

4. Thiét ké hé théng do dac thuc nghiém
4.1. H¢ théng do dac thwe nghigm

Openflow Switch
Port 1
PCL pC2
(Generate Sent packets )} Port2 @ (Controller and
Packets) NetFPGA Monitor)
Part 3

Port 4

Hinh 13. So d6 hé thong thuc nghiém

Bé do dac thoi gian tré bat cong hodc thay ddi téc’ do
cua cong Ethernet, chung t6i da xay dung mot hé thong
thyc nghiém nhu Hinh 13, bao gom:

- PCI1: Tao va phat cac goi tin dén chuyén mach
OpenFlow.

- PC2: Diéu khién thay doi trang thai cong va do dac
thoi gian tré.

- Chuyén mach OpenFlow phién ban 1.0.0.4 [8] dwa

trén nén tang NetFPGA phién ban 3.0.1[9] phat trién boi
Pai hoc Stanford.

Hinh 14. H¢ théng do dac thuc nghiém

Thao tac voi cac thanh ghi dé xac dinh thoi gian tré
khi bat cong Ethernet.

regwrite 0x440000 0x0900 # Turn off port 0

regwrite 0x2001100 OxFF # Reset all counter

regwrite 0x2001100 0xAA # Enable Portx counter 0
regwrite 0x440000 0x1140 # Turn on port 0

regwrite 0x2001100 0x00 # Enable Portx counter 1 and 0
# Read counter

regwrite 0x2001104 0 # Select Port0 counter 0

regwrite 0x2001104 1 # Select Port0 counter 1

Thao tac v6i cac thanh ghi dé xac dinh tré khi thay d6i
toc do cong Ehernet.
regwrite 0x2001100 0x0000FOFF # Reset all counter

regwrite 0x2001100 OxFFFF0000 # Start counter with
window filter = 65535 period

regwrite 0x440000 0x2100 # Change to 100MHz port 0
# Read counter

regwrite 0x2001104 8 # Select Port0 counter down time
regread 0x2001110 # Read low DWORD

regread 0x2001114 # Read high DWORD

4.2. Két qua do dac

Thoi gian tré khi bat cong Ethernet: Chiing t6i da thuc
hién 10 lan do dac va két qua thé hi¢n trong Bang 2.
Bing 2. Thoi gian tré khi bt cong Ethernet

STT B dém 1(s) B dém 2 (s)
1 1,7773 1,7761
2 1,8811 1,7793
3 1,8504 1,8789
4 1,7196 1,7279
5 1,7743 1,792
6 1,8605 1,8589
7 1,732 1,7309
8 1,8443 1,843
9 1,796 1,7959
10 1,7341 1,7327

Trung binh 1,79696 1,79156
Thoi gian tré = 1,79426
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Thoi gian tré khi thay déi téc d6 cong Ethernet: Chung
t6i thuc hién 5 1an do dac vai 4 kiéu thay ddi tbe do cong,
bao gbém: tir 10Mbps -> 1Gbps, 100Mbps -> 1Gbps,
1Gbps -> 10Mbps va 1Gbps -> 100Mbps. Két qua do dac
nhu Bang 3.

Nhan xét:

Tir Bang 2, ta thay gié tri tré khi bat cong Ethernet c&
1.8 gidy. Tir Bang 3, ta thay khi ting toc do cong thi thoi
gian tré 16n hon khi giam. Thoi gian tré 1on nhat khi thay
d6i toc doc cong tir 10Mbps -> 1Gbps, ¢ 1.73 gidy va
nho nhat khi giam tir 1Gbps -> 100Mbps, c& 1.34 gidy.

Bing 3. Thoi gian tré khi thay doi téc dp cong

Sé TT 10M - 100M - 1000M- | 1000M-
1000M 1000M 10M 100M
1 1,7503 1,6954 1,5183 1,3019
2 1,7012 1,7091 1,531 1,3279
3 1,7242 1,7161 1,5404 1,3118
4 1,7239 1,7312 1,4731 1,3741
5 1,7406 1,7264 1,5816 1,3643
Thoi gian tré | 1,72804 1,71564 1,52888 1,336
trung binh

4.3. Pdnh gid sai sé phép do

Céc sai s trong phép do bao gom:

« Sai s0 do thoi gian ghi thanh ghi: khic phuc bang
cach dua ra gia tri nam gitra 2 bd dém. Gia tri nay cd 1.5
ms la gia tri trung binh cua sai khac gitta bd dem 1 va bd
dém 2.

+ Sai s6 ctia by dém: Gid trj nay bang 1 chu ky clock.
Gia tri nay kha nhé do tan so hoat dong 1a 125 MHz, c& 8
ns.

+ Sai s6 do rx_dv c6 khoang bang 0: chinh la khodng
cach 2 ban tin. Khac phuc sai s0 ndy bang cach tang toc
do phat goi tin. Trong thi nghiém nay, nhom phat goi tin
voi toc d§ 234962 packets trén gidy, cd 4.25 us.

5. Két luan va hwéng nghién ctru tiép theo
_ Qua bai bao nay, ching ta thdy dugc thoi gian thay
doi trang thai cua cong Ethernet khoang 1.3 dén 1.8 gidy.
Thoi gian nay 16n nhat khi thay doi trang thai tir tat sang
bat. Thoi gian nay chu yéu la dé cau hinh cac by phén
PHY nhu Setup pll, Auto-MDIX hodc auto negotiation...
Véi viée xdy dung va danh gia thoi gian tré nay,
chung toi da dua ra sO li¢u vé thoi gian tré chinh xac. Qua

d6, v6i nhitng phuong phap tiét kiém ning luong cho
chuyen mach OpenFow st dung phuong phap thay dbi
trang thai cac cbng thi can chi ¥ t6i thoi gian tré nay. Tur
d6, cac nghién ctru nén c6 cac co ché didu khién, co ché
du phong link de khong xdy ra gian doan khi danh thirc
hodc thay ddi toc do cong.

Cung v6i do, trong thoi gian t6i chung t6i s€ dé xuat
phuong phap giam thi€u tré va tranh viéc gidn doan, mat
g6i tin nguyén nhan do tre.
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