t B x B X T i & (BH
( 2019 % 2020 4 5 2 M)
YEL = =285 44
PRFE R BE RS D%
—. HWTF10)
1. A —atH| A7k 0x011011100000, 175 i) Hok R K /N A 4K AT 16K J Ak £ T 1 kil 43
ISR , . (3)

2. /NHIEAT TR R, (ERILEVEREIFANERAR, /NIEI perf XAEFFIBATIN AR
BEAT Vo0t NSRS ra R, IR TEREA BRI R AR AT Nzl
ik? (3)

Performance counter stats for './matrix':

13,596 cache-misses

52,749,489 dTLB-1loads

9,819,564 dTLB-load-misses

215 iTLB-loads

7,790 iTLB-load-misses

33.068447 task-clock (msec) # 0.996 CPUs utilized
0 context-switches # 0.000 K/sec
145,495,064 cycles # 4.400 GHz
110,889,441 instructions # 0.76 1insn per cycle
12,163,513 branches # 367.828 M/sec

8,234 branch-misses # 0.07% of all branches
0.036513072 seconds time elapsed

3. A Bk i, S0 a Hiukik Sy 0x10f00, b #ihik >4 0x20000, ans Hihik >4 0x30000,
CPU THH — 25 Tvk48 2 T 2 3 /) cycle (N5 RE 0 X kiR 5 2 IHH4H), InvE 7 2 14> cycle.
TAESE WRY, 28)FoRIERAhE I (21428, 2¥) WNIETRMES, N THETIEE, N
K N RGN F N TR, PR IEAR G TAEE RS, TAEER R/ N6 1T,
BHEP R (0, 28) XA Tick 4 0, i TAEEE W2, 28)d Tl AMkes, JEETRRSF
JE X N N AZ AL R B T EPIRES .  CUER NAZ TUBEA 05 I T DA HIAS D (4)
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RAE, REF o
BEFERLE.
w4
ARWA WA (GRAR
& H T a8 4 4L)
Addr Age Access bit

void mul(int ans[][], int a[][], int b[][1){

for(int i=@; i<64; i++){

for(int j=0; j<64; j++){
for(int k=0; k<64; k++){
ans[i][j]+=a[i][k]*b[k][3];
313}

=. XHERG Q0)

1. H&E Qournaling) J& —F Rk g5 — 3 r 77 K. Extd FIH E R % IBD2 A = H EHEA
Al ——H ERL GournaD, JiiFEizL (ordered) LR SR (writeback):
a) HEHA: FraEdEfocBuEmEwm S ANHE .
b) PR R eHHE FF B S AN HE, I BARIETE oS8R e H B TP gbR i 525 2 /i,
s WS IR
o) SR RAHEFRESESANEE, BA 27 RIIE.

1) WERIA T ZLRIE cp Adtxt B.txt —#AEA AR5 S ECE BIUHELE A BISCEN
ARG, FIREORUETERE, MAZIEFEER H E&RA? fta? 47

2) B P (SMR) 18 B B V) B ILE AR T A FE M it i . X SMR
M5, w3 HEHEIN— log-structured 1) H EZAF X8, XREXT SMR fIHH 4 TERER
PEBEIF? b4t (4

3) H AR E R ) DA I CRE B A oo 1 2 2k . S5 &E 6] (copy-on-write) AR
] DAORAUE RS A « SR, IXPTRERAEA R 5 T RPERERIUANF . 15256100,
5 I A ) 5 RO ) A AT = AR R 2 (47)

2. BT RN LT FEE R E BT, WA LA T A N A4S R . RAMCloud 2 — N3
TN RS, B HESH (log-structured) 1177 IR AEPLUE K E . RAMCloud I
TIENAAPAFIE &40y, et At HE RGBT mplas, wimilas ffxee HE R
A WU B AE IX PR AT & EIB AR AE 220 A7 A B v AR R B R . — i
WA S5 R

B& &B_7
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fE LA A — N5 %5 N100MB/s (1GB=1000MB) %%, I HA# F110Gbps (10Gbps =
1.25GBps) MM R&EH:. H BRI H EB AT LA S AL F A I s 2]

Recovery Crashed
M aster M aster

Crashed
M aster

Recovery M asters

L) B ) e )L
[ |

1) —ARRREEREHINE (@ Frox, HPsA master £&&MHHL (backup) L
U H S B E Bty BBeH 3 &ML, 1 RIIFAT ik B3t 64GB 14k 7

T /DR 10 BHE] 2 I UK AN R R EAE 1ML, BB AR

(2°42°)

2) NTHt—PHEETERE, RAMCIloud 18 H % 4~ recovery master, 1K (b) Frax. fEAR
master b IR W) 9 2 A RIEEE 21X, A XA IEA R recovery
master Lk . BIRIKE AT LASEEIEAIT, H 4 4> recovery master F1 100 &AL, 7

B2 AN (RG-S 10 FIMZE 10) 7] LAYk 64GB 44 ?

= @B 10)

(4>)

N — G B ORRSSS, JF B E RS54 LR SN 2 e H B .

1. VPSRBT, N AL ES: @ISR e . X T PIRIESS
BATF AR P S R AR Y, NN AZON A TR R A 2 (27) 2

2. BB HBATINS, ANTAIN T — g (R ATSE =ME%eg0. 8 7l
o, ANUEIE T AL B C =4, AR . =AERBEPITAER A4 CPU E, %%
N A>B>C. JRIM, ESERATH, ANIEURBIE L1500 T, 2R B PATILRS “ 15
HT AR A, BIERE B AHEL T2 A T T 21 CPU BHE (V. N5 IS BB 5
HIE CPU B0 ot A iR A, JFAERAE R SR R R R INE4).

/] &FEA /] &7E B /] Z&iEC /] ERZE
while(true) { while(true) { while(true) { int a, b;
lock(A); lock(B); lock(A); lock A, B;
lock(B); b += 1; a += 1;
a += b; unlock(B); unlock(A);
unlock(B); sleep(1l); sleep(1);
unlock(A); } }
sleep(1);
}
B H_7 WH¥H 3 W




3. /NHYLEILE H OWIAR S B HAB R A5, N T A FC AR 25 28 B UR, /INBH DR R A
I T AUE R S HE, 4 Lottery Scheduling )05 BT AR E KV . HAZ RIS K S
R

node_t *current = head;
// FKBBEHLEL, total_tickets AFTA ticket HIFN
int winner = random() % total_tickets;
while (current) {

counter = counter + current->tickets;

if (counter > winner)

break; // #RE|T HEHILE

current = current->next;
}
// A current £&7&

ST, AERAMERI R, NIIREL, BEE LR BN, BT SCUIR T A AR K
H TR, JFR M RERI R R TR 4).

PO, #FE(18%)

/NI B S — N AR R DO RE I I 28 AR 5 4%, T sn A3 P R R IR A EUE K . R
DA T A BTSN
® FrAMEYE (BEX) FEENTT;
® YRS ARIBI—MERE, EREFESTIA fork() SIEEF SRR PGSR,
TR RACBESE f5, X N AR R R A
® Ji%-4¢%H Round Robin SEE V(T 5 .

1. fEIBATIRS 85, /NIRRT —4 BUG: HEAAH SR M SRR ik F, (H 2
JE SRR AR TOVE B B 2 BT SRR B . JF HARR XA BUG S22 i T fork() BT 2,
5 18] 9] fork() 2 512X 4> BUG? (4)

2. ATEHN B BUG, /NMEEL TR S dit. H—MEREERE, £ H pthread_create
OO — A NSRRI, AR R TEUE FIWORZRAE . B35 /NI T A6 0] e 55 2%
MR, A2 I
1) K& CPU B HLE T xR, AR PS8
2) BEEH P ERECE DI, ERAE W AZ R R 25 BT
T e i b IR B R ) JR DR R R SR TR 2 (4°) AT DL AR 58 3 24 5T 0 AR 55 B et DU e Bk
WH? (2°)

(EZENEBESERE. AE. RESBITEMEIT, BHERSHER

3. N TR WIZESLARENITE, ADNUPUE B PSSR AL SRR B G R,
M—%F—, ZxF—, SR LI e B —> & B B I L R 55 4% L, 16 R BI /N
TR eSS, FHFUHIRR. (4)

B& &B_7

=i
i
N
/\:H



4.

f

1

/NS R 55 4 B ARG IS NUMA T 5 (9 ik 55 2 _E ko At A BILE A ) NUMA 5 5
AR A X R SR AN B SESG N 1, 3F XA A T AT AR A BN T (27)
A LA ] g X — L7 (27)

~ A% (14)

BRIERAS AL B. C M D UKL 1, 2, 3 A1 4, FHiR—A5 “HEBOEE” MAOr, [
WK A SEBBER BT (2°) R e AR S BB AR BN T F(2°)

iy
>

NS T A B int ORBURSHIRES, SHPIRE | i F PR
® i==0" KREAED

® i<(Q FRWETEH

® “i>0" FRPLE B

B T F1 R B2 SR 1K, IF Hs i 23R [A] true:

® int compare_and_swap(int *ptr, int oldval, int newval)

® int fetch_and_add(int *ptr, int val)

typedef rwlock_t int;
void rdlock(rwlock_t *ptr) {
int x;
while(1) {
X = *ptr;
if(x __ 0 & compare_and_swap(ptr, x, x + 1))
break;
}
}
void wrlock(rwlock_t *ptr) {
int x;
while (true) {
X = *ptr;
if (x _ © && compare_and_swap(ptr, x, -1))
break;
}
}
void unlock(rwlock_t *ptr) {
int x = *ptr;
fetch_and_add(ptr, x < @ ? 1 : -1);
¥

A SR E IR AR R SE IR 4 (27) 4B b I ISR 5 B S I S 1 A FE X
FRUFEI? NP A? (20)

BE H_7 T _5 W



3. #5481 (Ticket Lock) J&REMSLRIESEIA TR A e, FAFIEBHI% (core) AHugE
F—NEHCFERNTS myTicket, FrEZILEZAN2HEE owner. 4EANZH myTicket
Y5 owner fHEERY, PONIXAMZFRE T8 AFE 904 ECsint, &% owner i F-Hujn
—, PN BURE
D R EZAZER SE G E]— NS, S E AT S I RHES B4

Wit S8 T BRI F? 2)

2) /INEA RS HE S B R N SR AFAT e A T SR RO MR BERZ A — AN SN B AR, AR o
YET I MR %

o LSTHAEHRES T REMTHRIINSG M, I HRA—R R e e —14
B, RS

o NEIERELRRNT. RN, AF SR X RIPATHIE, (5 &S AF AT IR T4

® EBHHTA N MRAERIN se5 7 — 0S8, JF HENTR8Us A e i IR

THHAAHE N AR HE 2UHE S B AE MRS DL, (47)

N HEMEERE 8)

1. IR A B B 1 DO Fh AR () d (5 oy =
15 FH BH ZE 103 B AR s 47 0 RE (8] 1 B 28
A FH Al B ZE 19 JE A% st 4R AT JE A 0] 1) B 08
A U557 05 AT BERE [A) 14T R) 208 T
JE e A v e = A7 ) O AT AR 1 I8
R FTHPUAS N5, E AR EIR AR RS AE 7 b ik o s i — A,
Rl (. tﬁﬁﬁ@LF AKAAT AT — KD (22*4)

a) FL T Rt o R s e A L A A S e R T 5 A 5 FORF IR B A P I SR B R n — &
SIS HERE, AEA5 AR 55 BERE 25 N B R] A B %07 5K

b) FEL B IO it A il 4%t A B 0 ok 3R A RD 8 AE 1 7 MR P SR i R H SRS 2 mr P Y
P 44 FE 00 & B ULES, DA AT 5 2248 .

c) LR Wty i R R 55 R A SR AR (A A5 107 3, KRR P R SRIAT ER M 2%
I A2 IR B i 55 AR, DU AT AR I I A8 H 25 .

d) L T X v £ Bl 55 gk A A B AR R AE B T SR P AR RS SR B R R SR R B e
IIMTIERE, 5 NS SR EAT “ BRI a7



. EBE(20%)

Hypercall ;&2 VMM #2425 VM A3 0 CGEIT kernel $24L45 F P F2 7 1 syscall), 1F

1.

W

hypercal FIH% 7 £33t 4T VMM-VM 2 [a [ U145, 175 187 2 A1 25 7E ARM Al X86 H & Ul

I RAF 5 E VM 1) ETRCHI? (3%)

N

IES

TS R UL R R B B T 3R (B3, (a)7E TLB H 4518 3% GVA->GPA, UL & GPA->HPA
H; (b) £ TLB P E#iC3 GVA->HPA 1% H . iR IXM T NEHH Mm%, &

e 2 M. (3)

/INBH

A BULE gemu KEAUNL AT keyValue Hidfa e (U PERE, 'S 1 — Nl HL AU A,

IR P T N, (R DN U I P A R B T LA BeE S i AR IR
Preg R, 3 B/ WO RS L T KeyValue $dfe O TERE. (147D

a)

b)

ELO

EL1

EL3

d)

ANIE I AR TR R L, 7RG 3l gemu FBE DN L —enable-kvm ({8 H P9 1% kvm #5iHk)
-device virtio-serial-pci({ i virtio BXZh) S8 5, REMNLT keyValue Bidis & ()t &
B3] T RIEE IR, W RS WER IS (3)

N T IAZE SRR v ge ™14, ANWIEAT T INUEIAS 2. B, 56— RIS AT N e 2
TZIRMIeAT I . i 7N BB — UGS AT Ik 277 A T 2 iR AU LR 34
RN . (3)

NIRRT (@) (b) HIEBIR R, UL HIZ1T KeyValue ¥ 2 FH L 1 )
o, BT R B RS 2 1 ORIE FE 3R T, (ER AR T Bl e SR aG i TR g
AU, JF BAEEEE /N2 IR N E S AT BN KVM 28
), IBATAEREUNLA keyValue ¥l R fEZE B i H 8, /0B JLRFEDL, I
2y b e AR BE SRS B AR RERR B AL T SN 2 iEAS S T EIE TR E A
4%

Qemu Back-end Driver —— v _
Virtqueue Gues-t’. Front-end Driver
oS
Idevikvm

LINUX oua arversbufier KM

/NBIFE T S RE SR-IOV RERLAISZRR ITS (Interrupt Translation Service)f) CPU, i il
XS A AR AR W 5T LR KeyValue $0d FERIPERE? (A (o) FRAE RO
AAEEED . (4)
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