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TOM TAT

Haystack 1& mgt kién tric hé thong lieu trit duoc ti weu héa cho vmg dung anh cia Facebook.
Haystack ¢ bén wu diém chinh so véi hé thong truece dé bao gom, théng lirong cao va dé tré thdp,
kha néng chiu 14i, chi phi hiéu qud va tinh don gian. Véi viéc sir dung réng ri cia kién tric Haystack
trong Facebook, thi tinh hop I¢ ciia nd va cac thugc tinh chinh yéu khdc duroc trieu firong héa tir kiéen
tric ndy can phdi dwoc phan tich va kiém ching trong mét tiép cdn chinh xac. Bai viét tdp trung vao
thiét ké bén trong viéc xi li va tai ngp mét bizc anh cia kién tric Haystack va &p dung dai s6 tién
trinh CSP dé phan tich ching mét cach chi tiét. Bang cdch dwa cdc mé hinh vao bg cong cu phan
tich tién trinh PAT dé kiém chizng mét s tinh chdt quan trong, bao gom tinh chdt co ban va tinh chat
bé sung. Tinh chdt co ban bao gom Deadlock Freedom; cac tinh chdt bé sung bao gom truy cdp
twong tranh, truy cdp twong tranh khéng dong bé, truy cdp tiong tranh véi cling mét may khach, tdi
Nap twong tranh va tai Nap twong tranh véi cing mgt may khach. Cudi ciing, theo két qua kiém chiing,
ching tdi thdy rang tir géc dg CSP, cac tinh chat cua kién trac Haystack 1a hop 16, ¢6 nghia la né
ddp irng céc yéu cau theo tai lidu cia Facebook.

Tir kh6a: phan tich; CSP; Haystack, kiém chiing; PAT

1. Giéi thigu

Sy phé bién cua cac mang xa hoi da thic day su gia ting sd lwvong ngudi dung dugc
tao ra boi nguoi ding Internet. Chia sé hinh anh 1a mét trong nhig tinh ning phé bién nhat
trén mang x& hoi Facebook. V&i mdi anh tai 1én, Facebook tao ra va luu trit 4 kich thudc
khac nhau cua ching. S6 lugng anh nguoi ding tai 18n sé tiép tuc tang 1én trong tuong lai va
tao ra mot thach thuc 16n ddi voi co so ha ting cua Facebook. Do d6, tinh hiéu qua cta ngin
xép luu trir va truyén cac dbi tuong nhi phan Ién (Blob - Binary large object) da tro thanh
mot vin dé quan trong ddi véi cong dong cac nha cung cap mang xa hoi (Doug Beaver,
2010). Khi néi dung sé duoc st dung ngay nhiéu hon, cac nén tang mang xa hoi nang cap
kién trdc tép cua ho dé ddi pho véi nhitng tin tic cap nhat mai nhat, chang han nhu mang xa

Cite this article as: Le Thi Thuy, & Bui Quoc Viet (2023). Analysis and formalization of Haystack architecture
in Facebook. Ho Chi Minh City University of Education Journal of Science, 20(7), 1166-1179.
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hoi Facebook. Do d6, sy 6n dinh cia hé théng luu trit tép tin trén nén tang mang xa hoi 1a
rat can thiét.

Dua trén cac tai lidu chinh thire lién quan dén Haystack, cac tinh chat cia Haystack s&
dugc triru tugng hoa, va sau d6 la cac thudc tinh chinh ciia Haystack dugc phén tich va kiém
chung bang cach sir dung CSP va PAT trong bai viét nay.

2. Poi twong va phwong phap nghién ciru

Chung tdi ap dung dai sb tién trinh CSP dé phan tich kién tric Haystack; cai dat va
kiém chirng cac tinh chat cua kién tric Haystack bang bo cong cu phan tich tién trinh PAT.
2.1. Ngbn ngé# dai s6 CSP

Dai s6 tién trinh sir dung cac phuong phap dai s6 dé nghién ctu viéc truyén thong cua
cac hé thong twong tranh. C6 ba hé thdng 1ap luan dién hinh gdm Communicating Sequential
Processes (CSP), Algebra of Communicating Processes (ACP) (Jan A. Bergstra, & Jan
Willem Klop, 1985) va Calculus of Communicating Systems (CCS) (Robin Milner, 1980).
CSP, 12 mét dai s6 tién trinh (Brookes, Hoare, & Roscoe, 1984; Hoare, 1978), do Hoare d&
XUAt vao nam 1978. Ngon ngit dai s6 nay duoc thiét ké chi yéu dé m ta va phan tich hanh
vi cua cac hé thong va tién trinh twong tranh (Lowe & Roscoe, 1997; Roscoe, 2010,
Ngo, 2011).

Céc tién trinh CSP duoc cau thanh boi céc tién trinh va hanh dong ban dau. Cl phép
ctia tap con ngdn ngit CSP dé xac dinh céc tién trinh, theo d6 P va Q dai dién cho cac tién
trinh, bang chir c&i a(P) va a(Q) c6 nghia 1a tap hop cac hanh dong ma cac tién trinh P va
Q ¢ thé thuc hién tuong tng, a va b biéu thi cac hanh dong ban dau va c 1 viét tat cho tén
cua mot kénh. Sau do, cu phap co ban cua CSP duoc dinh nghia nhu sau:

P,Q = Skip|Stop|a—>P|c?x—>P|cle—>P|

POQIPIQIPIQIP<Db=Q|P;Q|P[IX]]Q
o day:

e Skip chi tién trinh khong lam gi nhung két thic thanh cdng; Stop chi tién trinh trong
trang thai bé tic va khong lam gi;

e P 01 Q chisu lya chon téng quat giira tién trinh P hoic tién trinh Q; P || Q chi mot tién
trinh gdm hai tién trinh song song gitta tién trinh P va tién trinh Q; P ||| Q md ta hai
tién trinh chay ddng thoi ma khong c6 dong bo hoa, trong d6 ||| biéu thi su xen ké;
P < b = Q chi sy lya chon c6 diéu kién. Néu gia tri cia b 1a ding thi né hoat dong
nhu P nguoc lai hoat dong nhu Q.

2.2. B¢ cong cu phan tich tién trinh PAT

PAT, la viét tit cua Process Analysis Toolkit (National University of Singapore, 2008),
mot cong cu dya trén CSP va duoc thiét ké dé ap dung céc ki thuat kiém ching mé hinh dé
phan tich hé thong ty dong. Dudi day, 1a mot s6 ki hiéu trong PAT:

e #define N 0 dinh nghia 1 hang s6 toan cuc N véi gid tri ban dau 1 0.
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e channel ¢ 1 phat biéu nay khai bdo mot kénh, ¢ 1a tén kénh va 1 1a kich thudc bo dém.
var cond = false biéu thi diéu kién boolean vi gié tri ban dau la false.
e [cond] P la viét tit cua mot tién trinh duoc bao vé.
o #define goal n > 0; #assert P reaches goal; diéu nay dinh nghia mét xac nhan va né
kiém tra xem tién trinh P cd thé dat toi trang thai ma diéu kién goal dugc thoa man
hay khéng.
e ||| i: 0.N@ P(i) xac dinh N tién trinh, bao gébm P(1), P(2), ..., P(N), duoc chay bing
cach xen ke véi nhau.
e #assert P () | = F; dinh nghia mot xac nhan kiém tra xem tién trinh P c6 thoa mén cong
thac F.
2.3. Gidi thigu vé kién tric Haystack

Kién tric Haystack bao gom tai xuéng mot anh va tai 1én mot anh. Haystack 1a mot
kién triic hé thong luu trir ma Facebook thiét ké dé chia sé anh, cd thé hoat dong tot hon bat
ky hé théng luu trit truyén théng nao duéi khéi luong cong viée twong duong. Kién trdc cua
Haystack gém ba thanh phan cbt 16i: Haystack Store, Haystack Directory va Haystack
Cache.

I | I |

| |

Haystack Ha ST:aCkI I H_aystack Haystack | |
Directory S{QTE : : Directory Store : :
| | 3 ( |

Haystack |
Cache |
e

—————

Browser

Hinh 1. Tdi xuéng mét anh Hinh 2. Tai 1én mét anh
2.3.1. Quy trinh Iam viéc cia kién tric Haystack

Vai tro caa Haystack 1a Iuu trit va chia sé cac tép nho nhu anh, do d6 kién trdc tong
thé c6 thé duoc chia nhé hon nira dé tai xuéng mot anh va tai 1én mét anh.

Tai xubng mét anh. Hinh 1 miéu ta cac thanh phan Store, Directory va Cache két hop
v6i nhau dé phuc vy truy van tir Browser cua ngudi ding, Web Server, CDN va hé théng
luu trir.

Giri dén Cache. Néu hinh anh 1a phd bién nhat, Browser s& gui thong tin URL truc
tiép dén Cache.

Giri dén CDN. Néu hinh anh it phé bién hon, Browser s& giri théng tin URL tryc tiép
dén CDN.

Tai 1én mdt anh. Khi tai anh 1én, chi c6 bén thanh phan trong kién trac nay, d6 1a
Browser, Web Server, Directory va Store dugc hién thi trong Hinh 2.
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2.3.2. So sanh kién tric Haystack véi thiét ké dién hinh va thiét ké dira trén giao thic cia hé
thong tdp tin phan tan NFS (Network File System)

Hinh 3 md ta cac budc tur khi nguoi dung truy cap mot trang web cé chaa hinh anh
cho dén khi ho tai né xudng 6 dia may tinh.

/ \.\\“ \ - 7_); \_7 7_/ ; \; ;/ ‘// eE '-\\‘ F_7 5 T,_,.? F_, P
[ Web | Photo Photo Photo \ Server / L NAS L. NS I NS
Server Storage Storage Storage e o _'i‘-f-:{ ’,7"’ T
L QL __ - NFS A £ 5
4/ |5 112 S i
1 2 Photo Store Photo Store
o T Server Server
h 4 ’ S 2
3 _ )
Browser [ CDN -~ /\‘ _TJ/“‘ —
5 {-,_ > p \‘ - - e \.\‘
a Ty , Browser 3 & CDN ]
) L ) 8 -_——
Hinh 3. Thieét ké dién hinh Hinh 4. Thiet ke dwa trén NFS

Hinh 4 mé ta cac budc cua thiét ké duwa trén NFS. Thiét ké nay luu trix timg anh trong
tép riéng cua nd gin trén mot bo thiét bi NAS. Sau d6, mot tap hop may cha luu tri anh
(Photo Store Server) gan két tit ca cac 6 dia dwoc xuat boi cac thiét bi NAS nay qua NFS.

So véi kién tric trude do, Haystack khung dugc cai tién, cho thiy sy khac biét giira
dong thoi théng lugng cao, ¢ nghia 1a thiét ké dién hinh va thiét ké dua trén NFS doc va
ghi nhiéu lan hon so vé&i khung Haystack.

_____________ [mm—m—mm—— -
| | |
Haystack Ha I | Haystack [
5 ystack N Haystack
Directory Store l l Directory Store |I'
L 1 |

e e e = ComWD/| |ComDW // L__=—--=—- —===
ComCS| | ComSC -
—— = | T -
Haystack : «® (=) I Web /::_\FNF;HP
o) [@] | Com
Cache | QO Oo | Server
et Tnee®
/(_;9@?::;/" ComNC| |ComCN ComBW| [ComWB
e
- ComBN
Browser
ComNB
Hinh 5. Cac kénh tai xuong mét anh Hinh 6. Cac kénh tai I1én mgt anh

3. Két qua va thao luan
3.1. Phan tich kién tric Haystack

Trong phan nay, chiing toi s& ma hoa kién tric Haystack trong CSP. Kién tric Haystack
c6 ba thanh phan cét 15i: Store, Directory va Cache. Sau ddy chiing toi s& di vao phan tich
cu thé cac thanh phan.
3.1.1. Thong diép va kénh

Hinh 5 va Hinh 6 cung cap céc kénh truyén théng. Dé thuan tién hon, chung toi dua ra
dinh nghia cac tap hop dugc su dung trong cac md hinh: tap hop cac Browser cua thanh
phan Trinh duyét, WebServer cua thanh phian May chu Web, CDN cua thanh phan CDN,
Cache cua Bo nhé dém, Directory ciia Thu muc va Store cua thanh phan Luu trit, REQ
cua yéu cau, URL cua thong diép url va Data cua théng tin anh.
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Dua trén cac tap hop dugc xac dinh ¢ trén, ching t6i xac dinh cac thong dié¢p duoc
truyén giira cac thanh phan nhu sau:
MSG = MSGreq U MSGrep U MSGgata
MSGreq = {msgreq.A.B.content|A € Browsers
U WebServer u CDN U Cache,
B U WebServer U CDN U Cache
U Store U Directory, content € REQ}
MSGrep = msgrep.A.B.content|A € WebServer u
CDN u Cache U Store U Directory,
B € Browsers U WebServer U CDN
U Cache, content € URL U REQ}
MSGdata = {msQdata.A.B.content|A € CDN U Cache U Store,
B € Browsers U CDN U Cache; content € Data}
trong d6, MSGreq dai dién cho tap hop cac thong diép yéu cau, MSGrep la viét tit cua tat ca
c4c loai yéu cau phan hdi va MSGgata dai dién cho tap hop cac thong diép truyén dix liéu anh
thuc. Mdi thong diép chira mot the tir tap hop {mMSQreq, MSYrep, MSYdata}. Sau do, ching toi
dua ra dinh nghia cua cac kénh. Trong bai viét nay, cac kénh st dung COM_PATH dé biéu
dién va duoc xac dinh nhu sau:
ComWD, ComDW, ComBW, ComWB, ComBN, ComNB, ComNC,
ComCN, ComCS, ComSC, ComBC, ComCB, ComWS, ComSW.
Khai b&o cua cac kénh nhu sau:
Kénh COM_PATH: MSG
Bdng 1. Gidi thich cac thong diép cua mo hinh

Thong diép Chirc néing
reg_serv tuong tu nhu yéu cau HTTP mang ID anh
photolD ID cua 6 dia vat Ii may duoc luu trit anh
physicallD ID ctia anh dugc phén phat hoac tai 1én
logicallD ID cuia 6 dia logic may dugc luu trir anh
cookie cookie dugc WebServer phan bb ngau nhién
state trang thai vé mirc 6 phd bién cuaa birc anh
data dit liéu cua birc anh
none khong c6 gi hoac that bai
complete thanh céng

3.1.2. Hé thong (System)

Toan bo hé théng md hinh kién tric Haystack bao gom hai phan, dé 1a Systemsery va
SysteMupioad. Ca hai déu xen k&. Systemser, gdm sau tién trinh con, bao géom Browserser,
WebServerserv; Directoryser, CDN, Cache va Storeser, twong trng, dang chay song song;
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SysteMupioad bao gém bdn tién trinh con, lan luot la Browserypioad, Webserverypioad,
Directoryupload VA Storeupioad, dang chay song song. Hé thong duoc phén tich nhu sau:
SYSTEM(b,s) = Systemserv(b,S) ||| Systemupioad(b,s)
Systemser(D,S) = Browsersern(b,s) || WebServersern(b) || CDN(b,s)
|| Cache(b,s) || Directoryser || Storeserv(b,s)
SysteMupioad(D,S) =df  Browserypioad(b) || Webserverypioad(b)
|| Storeupioad(s) || Directoryupioad
3.1.3. Trinh duyét (Browser)

Trong kién triic Haystack, c6 mot sé Browser nhu méay khéach trong hé thdng phan tan,
Browser nay gui yéu cau dich vu va tai anh 1én. Trén thuc té, Browser 1a khach truy cap, c6
thé 1a dién thoai di dong, thiét bi dau cudi iPad, may tinh va cac thiét bi dau cudi khong day
khéc. Vi vay, tit ca cac thiét bi dau cudi nay déu duoc triru twong héa thanh tién trinh
Browser, tién trinh ndy chu yéu bao gdm hai tién trinh con, Browsersery V& Browserypioad. M0
hinh cu thé duoc phén tich nhu sau:

Browser(b,s) =¢ Browserserv(b,s) ||| Browserypioad(b)

Browserser(b,s) =4t ComBW!msgreq.B.b.W.req_serv

— ComWB?msgrep.W.B.b.state.photolD.physicalID.logicalID
— if state = 1 then
ComBC!msgreq.B.b.C.photolD.physicalID.logicalID
— ComCB?msQdata.C.B.b.data — Browserser(b,s)
else
ComBN!msgreq.B.b.N.photolD.physicallD.logicalID
— ComNB?mSsQdata.N.B.b.data — Browserser(b,s)
Browserypload(b) =d¢t CoOmBW!Imsgdata.B.b.W.data —
if write_enabled = 1 && flag = 5 then
ComWB?msgrep.W.B.b.complete — Skip
else
ComWB?msgrep.W.B.b.none — Skip
3.1.4. May chu Web (WebServer)

WebServer trong kién tric Haystack, giéng nhu mot tram gan nhét duoc sir dung dé
chuyén tiép thong diép va dix liéu. N6 két ndi ba thanh phan chinh cua Haystack va cac yéu
cau hoat dong cia may khach. Twong tu, WebServer bao gém hai tién trinh con,
WebServersery va WebServerypioad.

M6 hinh cu thé dugc phan tich nhu sau:

WebServer(b,s) =4t WebServersen(b) ||| WebServerupioad(b,s)

WebServerser(b) =¢t ComBW?msgreq.B.b.W.req_serv —»

ComWD!msgreq.W.D.req_serv —
ComDW?msgrep.D.W.state.photol D.physicallD.logicalID —

1171



Tap chi Khoa hoc Trwong BPHSP TPHCM Lé Thi Thuy va tgk

ComWB!msgrep.W.B.b.state.photolD.physicalID.logicalID
— WebServerser(b)

WebServerypioad(b,s) =df ComBW?msgdata.B.b.W.data —
ComWD!msgreq.W.D.data.photolD.physicallD.logicallID —
if write_enabled = 1 && flag = 4 then

ComDW?msgrep.D.W.data.photolD.physicalID.logicalID
— setCookie(); setFlag3();
ComWS!msgdata. W.S.s.data.cookie
— ComSW?msgrep.S.s.W.complete
— ComWB!msgrep.W.B.complete — Skip
else
ComDW?msgreq.D.W.none
— ComWB!msgrep.W.B.b.none — Skip
3.1.5. Thur muc (Directory)

Directory duoc st dung dé tao anh xa 6 dia logic va 6 dia vat Ii, ddng thoi dé xac dinh
xem btec anh c6 phai 1a bic anh phé bién nhat hay khong. Directory bao gom Directorysery
va Directoryupioad.

Trang thai cia mo-dun Directory dugc phan tich nhu sau:

Directory =gt Directoryserv ||| Directoryupioad

Directoryserv =¢t COmWD?msgreq.W.D.req_serv

— DJudge(); ComDW!msgrep.D.W.state.photol D.physicallD.logicalID

— Directoryser

DiFGCtOI’yUpload =df

ComWD?msgreq.W.D.data.photolD.physicallD.logicalID

— Compute(); Allocate();

if write_enabled = 1 then
setFlag4(); ComDW!msgrep.D.W.data.photolD.physicallD.logicalID
— Skip

else
ComDW!msgrep.D.W.none — Skip

3.1.6. Mgng phan phéi ngi dung (CDN)

CDN tuong duong vé6i hé thong bén ngoai, duoc sir dung chu yéu dé luu anh vao bo
nhé dém, it phd bién hon. Chirc ning chinh cua CDN I tai xudéng maot anh.

Trang thai cia CDN duogc phan tich nhu sau:

CDN(b,s) =¢t ComBN?msgreq.B.b.N.photolD.physicallD.logicalID
— NJudge();
if data! = none then
ComNB!msggata.N.B.b.data — CDN(b,s)
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else
ComNC!msgreq.N.C.photolD.physicallD.logicallID
— ComCN?msgdata.C.N.data —
ComNB!msgdata.N.B.b.data - CDN(b,s)
3.1.7. Bé nh¢ dém (Cache)

Cache tuong tw nhu CDN, nhung tuong duong véi hé thong bén trong, chii yéu dé
Cache luu nhitng hinh anh phé bién nhat. Nhu trén, chirc ning cia Cache van Ia thyc hién
tai xuéng mot anh.

Trang thai cia Cache dugc phan tich nhu sau:

Cache(b,s) =qr if state = 1 then
ComBC?msgreq.B.b.C.photolD.physicallD.logicalID
— CJudge();
if data! = none then
ComCB!msggata.C.B.b.data — Browserser(b,s)
else
setFlagl();
ComCS!msgreq.C.S.s.photolD.physicallD.logical ID
— ComSC?msggata.S.C.data —
ComCB!msggata.C.B.b.data — Browserser(b,s)
else
ComNC?msgreq.N.C.photolD.physicallD.logicalID
— CJudge();
if data ! = none then
ComCN!msgdata.C.N.data ! Browserserv(b,s)
else
ComCS!msgreq.C.S.s.photolD.physicallD.logical ID
— ComSC?msggata.S.C.data —
ComCN!msgdata.C.N.data — CDN(b,s)
3.1.8. Luu trir (Store)

Trén thuc té, Store trong toan bo kién tric Haystack I su phan phéi cua cac may chu
trén khip thé gidi. Chirc ning chinh cta n6 14 luu trix va truy xut hinh anh. Tién trinh Store
bao gom hai tién trinh con, Storesery Va Storeypioad.

Trang thai cua Store dugc phan tich nhu sau:

Store(b,s) =af Storeserv(b,s) ||| Storeupioad(s)
Storeserv(b,s) =at
if ((state = 0 && flag = 2) || state = 1 && flag = 1))then
ComCS?msQreq.C.S.s.photolD.physicallD.logical ID
— SJudge(); ComSC!msgaata.S.s.C.data — Cache(b,s)
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else
Storeserv(b,s)
Storeupload(S) =df
if (write_enabled = 1 && flag = 3) then
ComWS?msgdata. W.S.s.data.cookie —
setFlag5(); setComplete();
ComSW!msgrep.S.s.W.complete — Skip
else
Storeypioad(s)
3.2. Kiém ching kién trac Haystack
3.2.1. Cai dat trong PAT

Pau tién, ching toi xac dinh cac kénh quan trong, cac loai co thong diép, cac ddi tugng
phan phdi dudi dang liét ké va xac dinh thong diép dugc truyén giira cac kénh dudi dang cac
bién toan cuc. Bong thoi, chung t6i dua ra bién toan cuc flag trong mot phan cia ma chuong
trinh dé danh gia viéc thyc thi chuong trinh, ho trg chuong trinh hoat dong tdt va tdng cuong
kha ning doc. Danh sach dinh nghia ctia cac bién ¢ trén nhu sau:
channel ComBW 0;
enum {msQreq, MSYrep, MSYdata};
enum {W, N, C, D, B, S};
var req_serv;
var none = - 1;
var capacity = 1000;
var state;

#define T 3;
#define M 7;
#define M1 3;
#define M2 2;
#define M3 2;

Tat ca cac kénh khac trong mé hinh dugc x4c dinh theo ct phap dinh dang kénh ¢ trén
nhu ComBW (kénh truyén thong giira Browser va WebServer); céac kiéu liét ké 1a kiéu thong
diép co, bao gom msgreq dai dién cho yu cau, msgrep dai dién cho cau tra 1oi va msgat dai
dién cho dir liéu; W, N, C, D, B, S dai dién cho cac chit cai dau bang tiéng Anh cua sau mé-
dun trong phan md hinh Haystack. O déy, chiing t6i dua ra dinh nghia vé mot trong céc thong
diép trong Bang 1:

e reg_serv: bién toan cuc;
e none: bién toan cuc duoc khai tao thanh -1 nghia 1a khong cé dit lidu tra vé hoac hoat
dong nao la vo nghia;

1174



Tap chi Khoa hoc Treong BPHSP TPHCM Tap 20, Sé 7 (2023): 1166-1179

e capacity: bién toan cuc duoc khai tao thanh 1000 c6 nghia 14 kich thuéc tbi da cua
may luu trit;

e state: bién toan cuc dya trén hoat dong thyc té cua tién trinh Directory theo chirc nang
tuong ng;

Ngoai ra, chung t6i dua ra dinh nghia ctia ndm bién khong ddi, bao gém T, M, M1, M2

va M3 co gid tri tuongung la 3,7, 3, 2 va 2.

3.2.2. Kiém chitng céc tinh chdt diea trén phan tich dai sé

Dua trén viéc cai dat md hinh CSP trong PAT & trén, ching toi thuc hién kiém chang
cac tinh chat cua kién tric Haystack, bao gdm tinh chat co ban va tinh chat bo sung.

(1) Tinh chét co ban Deadlock free

#assert System() deadlockfree;

Tinh chat Deadlock free chu yéu duoc st dung dé mé ta liéu c6 trang thai bé tic cho
toan bo md hinh CSP hay khong. Theo két qua kiém chiing cia PAT trong Hinh 7, viéc tom
tat md hinh CSP & trén khong c6 bé tc.

(2) Tinh chat bé sung

Tinh chat b6 sung gém nam tinh chéat. D6 1a truy cép twong tranh dong bo, truy cap
tuong tranh khong dong bo, truy cap twong tranh dong bd véi cling mot méay khéch, tai nap
tuong tranh dong bd va tai nap twong tranh dong bo vai ciing mot may khéch.

(a) Truy cap twong tranh dong bd
Synchron() = [req_serv == 3](|| b:{0..T-1}@System_serv(b,1));
#define goal (data == 44);
#assert Synchron() reaches goal;
Theo két qua kiém ching, tinh chat nay 1a hop 1& duoc thé hién trong Hinh 8.
(b) Truy cép twong tranh khéng dong bd
Asynchron() = [req_serv == 0]System_serv(0,1)
|| [req_serv == 3]System_serv(1,1)
|| [req_serv == 5]System_serv(2,1);
#define goall (data == 11 || data == 44 || data == 66);
#assert Asynchron() reaches goall;
Theo két qua kiém ching caa PAT, tinh chat nay hop 1é duoc thé hién trong Hinh 9.
(c) Truy cép twong tranh dong bd véi cing mdt may khéch
SSynchron() = [reg_serv == 0]System_serv(0,1)
|| [req_serv == 3]System_serv(0,1)
|| [req_serv == 5]System_serv(0,1);
#define goal2 (data == 11 || data == 44 || data == 66);
#assert SSynchron() reaches goal2;
Theo két qua kiém ching caa PAT, tinh chat nay hop 1 dugc thé hién trong Hinh 10.
(d) Tai nap twong tranh dong b
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Synchronup() = [data == 88](||| t:{0..T - 1}@System_upload(t,1));
#define goal4 complete == 1;
#assert Synchronup() reaches goal4;
Hinh 11 cho thay két qua kiém chiing cua tinh chat nay 1a hop Ié.
() Tai nap twong tranh dong b véi cling mét may khach
SSynchronup() = [data == 99](System_upload(0,1)

|| [data == 100]System_upload(0,1)

|| [data == 110]System_upload(0,1));
#define goal5 complete == 1;
#assert SSynchronup() reaches goal5;
Hinh 12 cho thiy két qua kiém chting tinh chat nay chwa hop Ié.
3.2.3. Két qua phan tich va kiém chiing

Theo két qua kiém chirng cac tinh chit cua kién tric Haystack bang PAT, thi tinh chat

Deadlock free la hop Ié.

wmmsssVerification Resulp*=**==*=
The Assertion (System() deadlockfree) is VALID.

e Verification Setting ™

Admissible Behavior: All

Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

resassnverification Statistics™ >
Visited States:1

Total Transitions:1

Time Used:0.1109864=s

Estimated Memory Used:8724.48KB

Hinh 7. Két quda kiém chiing tinh chdt Deadlock free
Tinh chét truy cap twong tranh dong bo 13 hop 1é.

The Assertion (Synchron() reaches goal)is VALID

The following trace leads to a state where the condition is satisfied.

<init -> [if!((state == 1))] -> ComBW msg_req.B.2. W .3 -> ComWD msg_req.W.D .3 -> [f((state == 1))] -> dJudge ->
ComWB.msg_rep.W.B.2.0.3.1.4 -> Act -> [if!{(state == 1))] -> ComBN.msg_req.B.2.N.3.1.4 -> Act -> nJudge>

sssesses\ferfication Setting™*****
Admissible Behavior: Al

Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

sessss**Verification Statistics********
Visited States:61
Total Transitions:98

Time Used:0.0034423s
Estimated Memory Used:10056.016KB

Hinh 8. Két qua kiém chiing truy cdp tiwong tranh dong bg
Tinh chét truy cap twong tranh khong dong b ciing 1a tinh chat hop Ié.
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e ©\erfication Result™*=*

The Assertion (Asynchron() reaches goall)is VALID.

The following trace leads to a state where the condition is satisfied.

<init -» ComBW.msg_req.B.0.W.0 - ComWD.msg_reqW.D.0 -> dJudge -= [if((state == 1)]] -=
ComDW.msg_rep.D.W.1.0.1.1 -» Act-> ComWB.msg_rep.W.B.0.1.0.1.1-> Act -> [if{(state == 1))] ->
ComBC.msg_req.B.0.C.0.1.1 -> Act-> cJudge>

=me\erification Setting™ "

Admissible Behavior: All

Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

eWerification Statistics™
Visited States: 24

Total Transitions:48

Time Used:0.004118s

Estimated Memaory Used:9099.658KB

Hinh 9. Két qua kiém ching truy cdp twong tranh khéng dong bo

Tinh chat truy cap tuong tranh dong bo véi cung mot may khéach 1a tinh chat hop €.
Fres\erification Result™**+**
The Assertion (SSynchron() reaches goal2) is VALID.
The following trace leads to a state where the condition is satisfied.
<init -» ComBW.msg_req.B.0 W.0 - ComWD.msg_reqW.D.0 -> dJudge -= [if{(state == 1))] -=
ComDW . msg_rep.D.W.1.0.1.1 -= Act-> ComWB.msg_repW.B.0.1.0.1.1-> Act -= [if((state == 1))] -=
ComBC.msg_req.B.0.C.0.1.1 -= Act -> cJudge>

e\erification Setting™

Admissible Behavior: All

Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

e\ erification Statistics™ "
Visited States:24

Total Transitions: 48

Time Used:0.005248s

Estimated Memory Used:9157 304KB

Hinh 10. Két qud kiém chieng truy cdp tiwong tranh dong bé véi ciing mgt may khéach
Tinh chét tai nap twong tranh ddng bo 1a tinh chét hop 18.

Fass-2Verification Result™*

The Assertion (Synchronup() reaches goal4) is VALID.

The following trace leads to a state where the condition is satisfied.

<init -» ComBW.msg_data B .2 W.858 -> ComWD _msg_req W.D_88.0.0.0.0 -= [ifI({(write_enabled == 1)
&& (num == T7)))] -= [ifl{{{(write_enabled == 1) && (num == 9)))] -= Act -> compute -> alloc ->
[if((write_enabled == 1})] -» setFlag7 -» ComBW.msg_data B.1.W.88->
ComWD.msg_req.W.D.88.1.8.2.8 -> Act -> compute -= alloc -= [if((write_enabled == 1))] -> setFlag7 -=
[if({{(write_enabled == 1) && (num ==7)}})] -» ComDW.msg_rep.D.W.88.1.8.2.8 -» Act -> setcookie -=
setFlags -= [if({(write_enabled == 1) && (num == 8)))] -» ComW5S.msg_data.W.5.1.85.101 -> Act->
setFlag9 -> setCom>

werification Setting
Admissible Behavior: All
Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

Verification Statistics™ ™
Visited States: 100
Total Transitions:163

Time Used:0.0158434s
Estimated Memory Used:9892 288KB

Hinh 11. Két qud kiém chitng tdi nap twong tranh dong bé
Cudi cung, tinh chat tai nap twong tranh dong bd véi cing mot may khach 1a khong
hop I€.
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rrrreeVerfication Resulf=="""
The Assertion (SSynchronup() reaches goald) is NOT wvahd.

e erification Setting
Admissible Behawior: All
Search Engine: First Witness Trace using Depth First Search
System Abstraction: False

emeEerification Statistics™ ™
Visited States:1

Total Transitions:0

Time Used:0.0069792s

Estimated Memory Used: 8592 368KEB

Hinh 12. Két qud kiém chiing tdi nap twong tranh dong bé véi cing mgt may khach

4.  Kétluan

Kién tric Haystack la hé théng luu trit anh cia Facebook. Sau khi nghién ciru, bai viét
da phén tich dwoc cac thanh phan Browser, WebServer, Directory, CDN, Cache va Store
trong kién tric Haystack theo quan diém cua dai s6 tién trinh v6i CSP. Chung toi ciing d
&p dung bd cong cu phan tich tién trinh PAT dé cai dat va kiém chimg mé hinh d3 xay dung
va cac tinh chét cua kién triic Haystack. Ngoai ra, chiing toi da kiém chimg dugc mét tinh
chat co ban va niam tinh chat bd sung dugc tom tit tir tai liéu cua kién tric Haystack, bao
gom Deadlock free, truy cap twong tranh ddng b, truy cap twong tranh khéng ddng bo, truy
cap twong tranh dong bd véi cing mot may khach, tai nap twong tranh dong bo va tai nap
tuong tranh ddng bo véi ciing mot may khéach. Céc tinh chit hop 18 ngoai trir tinh chét cudi
cuing. Vi vay, chang tdi c6 thé noi rang tir goc do cua dai b tién trinh CSP, mé hinh duoc
xay dung dap @ng cac tinh chat nay. Noi cach khéc, kién tric Haystack dap ang nhu ciu vé
tai liéu cua no.

Trén thyc té, chdng t6i nhan thiy rang nd van 1a mot théch thirc 16n dé 1ap mé hinh va
kiém chimng kién trac Haystack. Trong twong lai, chung t6i s& tién hanh mot s6 nghién ctu
vé phan tich bao mat xac thuc danh tinh trong kién tric Haystack.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

Haystack is a storage system architecture optimized for Facebook’s photo application.
Current haystack has four main advantages compared to previous versions, including high
throughput and low latency, fault tolerance, cost effectiveness, and simplicity. Given the widespread
use of the Haystack architecture in Facebook, its validity and other key attributes abstracted from
this architecture need to be analyzed and verified with a more precise approach. This paperfocuses
on the internal design of serving and uploading a photo of Haystack architecture and apply
Communicating Sequential Processes (CSP) to formalize them in detail. By feeding the models into
the model checker Process Analysis Toolkit (PAT), we have verified crucial properties, including
basic property and supplementary properties. Basic property contains Deadlock Freedom.
Supplementary properties include synchronous and asynchronous concurrent access, and
synchronous concurrent access with the same client, synchronous concurrent and synchronous
concurrent upload with the same client. Finally, according to the verification results, we believe that
from the CSP’s perspective, the properties of Haystack architecture are valid, which means that it
meets the requirements of the documents of Facebook.

Keywords: analysis; CSP; Haystack, formalization; PAT
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