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* Randy Bryant and David O'Hallaron,
- Computer Systems: A Programmer’s Perspective
- 3nd Edition
- (RNEBA LA L)
(R P 5358
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- Mg =%l (40%)
- Labs (40%)
- Don't cheat
- Start early
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Total Potential Footprint is Larger

Data mining
Robotics

Distributed
Systems

Algorithms



"Big Tent" Computer Science T

Data mining
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Systems (Software)

+ Architecture (Hardware)
- THEANLA B (CFENL, JCHZECPURIIIE)
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-+ Systems (Software)

- HHLRS:
R
- BERS
W Eye
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« AT

Database

SIGMOD
VLDB, ICDE, TKDE
EDBT, DASFAA

Distributed
Computing

TPDS
SoCC, IPDPS

PODC, HPDC
’ ’ ATC
HotCloud, VEE EuroSys

Operating
Systems

OSDI, SOSP

Network ICS, SIGMETRICS,

Performance, PACT

SIGCOMM,
MOBIOMM,
INFOCOMM

SC, PPoPP

SPAA, ICPP

Storage

FAST, TOS

MSST, SYSTOR
HotStorage

ISCA, HPCA, MICRO
DAC, ICCAD, DATE,

ICCD, HotChips
l/
Parallel
Computing
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N ABEZITHEIRS?

- M\Programmerfi E &
- WEALE D ERE, #E%5EL (C, Java, Python, .0
- SRR T A T, A w Rt H K (B T)
- UL E AT AV B
USRI, FIERE. AL A
- {B32ER ETFEVLRGHASEE (Abstraction Is
Good But Don't Forget Reality)
- TN AGRE, EIRE TR G HBug.
[ fE H ) RS
- BN T FIProgrammer
- Bl HAWQ, TiKV ([ 3 = S RBFET 450D
- B2, Wi/ SSD/NVMITI T BEFRFIE




N ABEZATEIRAR?

* Ready Player One
- R vs. I L
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IS 14

_ Examples

Is x220?
Float's: Yesl
Int's:
40000 * 40000
50000 * 50000

Is(x+y)+z = x+(y+2)?
Unsigned & Signed Int's: Yes!
Float's:

(1e20 + -1e20) + 3.14 =
120 + (-1e20 + 3.14) =

IERERIATEE3.0LA LIRFEiRE
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Great Reality #1:

Ints are not Integers, Floats are not Reals

Example 1: Is x2 2 0?

- Float's: Yes!

- Int's:

Jeoi2.0t

Fo

-

...1,306... 1,307...

BAAA

5D
e

-

...32/767...-32,7%8...

L

<o

.0.=32,767...-32,7%6 ...

2 5

=5

- 40000 * 40000 — 1600000000
- 50000 * 50000 — ??

Example 2: Is (x +y) + z

- Unsigned & Sighed Int's: Yes!

- Float's:

+ (1e20 + -1e20) + 3.14 --> 3.14
+ 1220 + (-1e20 + 3.14) --> ??

X+ (y+2z)?

28



Great Reality #2:
You've Got to Know Assembly

- —RIRDFENSHICRmE (AEE547)
- Compilers are much better & more patient than you are
- {HR: EFICHLHM AR, BEBENSEHHPITEHEE
- HfEIR 2 Bugh R A
» High-level language models break down
- RgPEREIAL
- mEA/ N LR RR R R
- B ARG TR
- SEIMAGHA (OS. Storage. DB)
- RGP R EEMS, EEMHAEARHE, 2. XENF
FZRARZERES, E2¥EHEFCachehl Bl NFE Cclflush, mfence)
- i/ By 1 S A
- AT HIx86IC4 (Intel CPU¥ L)




Great Reality #3: Memory Matters
Random Access Memory Is an Unphysical Abstraction

- WFEARBRK

- WA FRESAEHE (FFEHFE)

- {3 Z ¥ H 2 memory-dominated

. WV B bug A

- FEI B AT 23 8] | iR I AT AR AN AH [F]

© NAEH R HEARE E AR

- Cé]che, virtual memory, NUMAXFE 7 ) M BEAR K 152
[

- B WCRE M NAF R, TERER AR KHIRTT (R
A B BT D




Great Reality #3: Memory Matters
Random Access Memory Is an Unphysical Abstraction

*+ An Example |
- WZE TR LR OR R, DRAMEEEE |
ZRA LT 3
+ FIAII006H FEINL: T, He5264BIHI
|
I
|

5 al,, AbFERTR] HAH5.2ns, TMDRAM

[R5 1] RE IR — M & E60Ns . X IR A 1§
LLCH)ZEIE /] LLULES, 34 cycles

- LLCHIT I B IR R 5, I«

T slicefl il (5-slice 2.5MB) -

%~corevii n)| AN [E R slice iE IR A iy [ ]
Z( Iﬁ'l >1000 ns Non-Volatile Memory / Storage
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Memory Referencing Bug Example

typedef struct {
int a[2];
double d;

} struct t;

double fun(int i) {
volatile struct t s;
s.d = 3.14;

return s.d;

}

s.a[i] = 1073741824; /* Possibly out of bounds */

fun(0) = 3.14

fun(l) = 3.14

fun(2) = 3.1399998664856
fun(3) - 2.00000061035156
fun(4) = 3.14

fun(6) = Segmentation fault

- Result is system specific



Memory Referencing Bug Example

typedef struct ({ fun (0)
int a[2]; fun (1)
double d; fun (2)

} struct t; fun (3)

fun (4)
fun (6)

Explanation:
Critical State 6
? 5
? 4

f‘
d7 ... d4 3
d3 ... do 2

struct t =<

- all] 1
al0] 0

-

R

.14

.14
.1399998664856
.00000061035156
.14

Segmentation fault

WMhNWwww

Location accessed by
fun (i)



Memory Referencing Errors

+ CHIC++ RN IR
- B RERAHBR
- JEiETRET
- i Himalloc/free
- AR BU™E Hbug
- [F—BARHY, REKEbug, WHIRT RGOSR
- 1 Bl Reid — AU A K Ebug, A Z iR
EBATP?
- AR EHMIESwFE: Java, Ruby, Python, Go, ... (HELZERFI]
HAE B
- T REa KA A
- fEHEEE & T HERIARAN A% (e.g. Valgrind)




Great Reality #4: There's more to
performance than asymptotic complexity

- Constant factors matter too!

- HiEopHE, RN RS MR
- RIEEWEFEAL, RSGMREIOMRIESR (BFIRFF30%)
- WATEZAZE M ERE: algorithm, data representations,
procedures, and loops
- IR RS eGP RE
- B a0 e g B AT
- BRI E RS PERE, FHIRE (perf, DTraces)
- BT BIAMCRY B M AIE YRR AT 52 R O 1 e




Memory System Performance Example

void copyij(int src[2048] [2048],
int dst[2048] [2048])

{

{

void copyji (int

int

src[2048] [2048],
dst[2048] [2048])

int 1,3; int i,3;
for (i = 0; i < 2048; i++) for (j = 0; j < 2048; j++)
for (j = 0; j < 2048; j++) < for (i = 0; i < 2048; i++)
dst[i] []J] = sxrc[i][]]- dst[i][]J] = sxc[i][3]]-
} }
4 3ms 81.8ms

2.0 GHz Intel Core i7 Haswell

* Hierarchical memory organization

* Performance depends on access patterns
- Including how step through multi-dimensional array




Why The Performance Differs

copyij
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- Computer Systems: A  —
Programmer’s Perspective G
- FERCIET I P12 . -
- WISk
- gwmiE s (HCHIXRL, PERENLAL)

- CPUM LA J5i 3 ‘? -o
- FFEMREAAL , perating

Systems

- R RS (B EUML. FFAFME.,
H R
- + OS:TEP
- Mz (TCP/IP)




CS:APP

- Computer Systems: A
Programmer’s Perspective
- W%, 7545 (3+4) :
- IMHENLR GG BAE RGURE RS
PN
- WFESP M SRR, A, A H
- CPFEREE, B AT Pk IR 2 BTy
A, HHAE RS
- ARAL B E5 Bt
- i
- T E ARG
- HAhmRaR (FEHI01HRD
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- JKZH:A: CSAPP
- ¥R A\: Patterson&Hennessy, Hennessy&Patterson
- CPUE 1, CAEALHFT 7%

- MERG: OSTEP+CSAPP
- A MIT 6.828

» ARG DDIA+MIT 6.824

- AIR%: UCB CS294, ...

CD

EHESASERATRE = 43

CLOUD AND BIG DATA SYSTEM LAB HIB D =X
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CS:APP

- 1 I ENL RGBT
-Zﬁém%Tﬁﬁﬁ

(/I:gﬁln 5 ) + CPU*’JI%‘.

- 4 FEREIRE
‘ 5 EF? ft ﬁhﬁiﬂﬁ
- 6. FEEEX

- 7. FEREAICPU
- 8. BT

.+ 9. I/OMIXft 2 4¢
- 10, THFEHLINZE

- 11, IR IFE
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CS:APP

« IFEAVLRSGAEANT
- Labl: DatalLab
WA VTR EET L
- Lab2: BombLab
ChiEs, —dtHIER
- Lab3: Cachelab
¢ % B RIFAL B @ 4 AR
- Lab4: LinkLab

- HERRE

| || |

YN AT

Ve
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CS:APP

LA G RITT
- Labb: ShellLab
+ H—AHDTKUnix Shell, #ELifEtR
- Lab6: SchelLab
+ CPUARE RS Wit (FHE%4)
- Lab7: MallocLab
- B HAKImallocts, LB RERIZER
- Lab8: FSLab
+ B g szbr il I IFUSE XU R 4
- Lab9: NetlLab
- SocketZwmtE. K ImIE
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» TFENLAEE RS0 B ARSCILA B AR

- HAEY G IERZ2 HIRAM A2 KRR E Y
- KHARUREM RS, STttt EANAZ N
* WJ%

- X FCachelnik;

- DIARE. PLEARAT

- JURSRSE R AT . A EE

- Leader-Followerff 5 dE — it
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F RGN/ BT

- AR H ISR IE DR R RS
- BRAKRE (CPU. OS. 4miFds)
- WHMERNMAL, WARME R HIFR RSt
+ Case-by-casef )7 T, ZHLMARG
- B1ER G
- XFERS
- CPU
- TR RS
- JHEICH
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- Mg (WridR/ B 22 5Rh)
- x> (IR ED

- SCIG

« AT IR IUREE, (H2ARKBBr B b
B TR E L —
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Good luckl



