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E—aEiREcHRIPCLE, FARfGS)MEEMNRBEAME ( ) .
int f(int x) {

ints =0;

while(x++ >0) s+= f(x);

return max(s,1);

}
A. N\E® B. \®» C. 1ot D. JUME
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union test {

int a;
char b; —

} g

main() { Kig | 00 | 00 00 FF
test.a=0xff;

if (test.b==0xff)

printf( “Little endian); Mim | FF 00 00 00

else
printf( “Big endian); T T
} Mtk Kiteit

iZEF = R RTEIRERIE?
R, BHIBAUIERREFRIT!
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Matrix-Matrix Multiplication (MMM) on 2 x Core 2 Duo 3 GHz (double precision)
Gflop/s  se000

37500

Best code (K. Goto)

25000

12500

Triple loop

0 2,250 4,500 6,750 9.000

matrnx size

o Standard desktop computer, vendor compiler, using optimization
flags
« Both implementations have exactly the same operations count (2n3)

 What is going on?
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Matrix-Matrix Multiplication (MMM) on 2 x Core 2 Duo 3 GHz
Gflop/s
50000

. —
—
37500
Multiple threads: 4x
25000
12500
[ Vector instructions: 4x
l * — - * - - - e
0 # Memory hierarchy and other optimizations: 20x
0 2,250 4,500 6,750 9,000

matrix size

= Reason for 20x: Blocking or tiling, loop unrolling, array
scalarization, instruction scheduling, search to find best choice

m Effect: fewer register spills, L1/L2 cache misses, and TLB misses
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{Introduction to Computing Systems

from Bits and Gates to C and Beyond))
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Background (kgcmu scsgir. E. Bryantfiig)

1995-1997: REB/DROH teaching computer
architecture course at CMU.

m Good material, dedicated teachers, but students hate|it

= Don’t see how it will affect there lives as programmers

Course Evaluations

REE: Intro. Comp. Systems sSe=
_-__’_,__,..- N,
45 = —iil - /
CS Average . 4
e ol b
/i T }EE
35 lu\
\ / REB: Computer Architecture %m
3 AV
25
2

19595 159596 1997 1995 19949 2000 2001 2002




Role within CS/ECE Curriculum

CS 412
OS Practicum

CS 415
Databases

CS 441
Networks

Data Reps.
Memory Model

V5 : CMU CS213

CS 410
Operating
Systems

Network
Protocols

ECE 545/549

Cs411
Compilers

Processes
Mem. Mgmt Code

Capstone
ECE 340 ECE 349 ECE 348
Digital ArEEilfc:cine Embedded Embedded
Computation Systems System Eng.

) /
Machine

Arithmetic

CS 122
Imperative
Programming

ard

Execution Model
Memory System

Foundation of Computer Systems
Underlying principles for hardware,
software, and networking



EXEXFERENR
15-213: Intro to Computer Systems

Goals
m Teach students to be sophisticated application programmers
m Prepare students for upper-level systems courses

Taught every semester to 400+ students

m All CS undergrads (core course)
m All ECE undergrads (core course)
= Many masters students

® To prepare them for uEEer-IeveI 525tem5 courses

m Variety of others from math, physics, statistics, ...

Preparation
m Assume know C programming
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#EEEFNCSH IR, HEHd=

— EECS: MIT, UC Berkeley EE(ECE)/CS: Stanford, CMU

HRASRIETFE

— MIT: EE, EECS, CS=#ZEI (ARZF(ERETIHD)

— UCB: ECE (E, CNS, CSys) . CSE (CSci) . Mix, Honor

— Stanford: Al, BioCo, CE, Graph, HCI, Info, CSys, Theory,
Unspecialized, Individually Designed

— CMU SCS: Al, Cognitive Modeling, CSys, Graph, Theory
(miE4AY7S B : EE. ECE. CE, Csys

H#E—TIMBEEWHERNNTEITEINEANANI IR HSFAEEFE? )

— MIT 6.004, UCB CS61C, Stanford CS107, CMU CS213

- #4BP&P, P&H, B&O, ELSK&R

- EREGESAMNE:T. IR ERNKESE. HSE. k. 5. ..

HHENERSITRYRE ESTFAEFR? ) ZEEEFSR, REGDEFEE

whisk, CsysLALEBMTILARE (HHIBP&H. H&H)

LXF i EINERE SRS EEECSs CsysR R LA MAE

— N, MIT 6.033, Stanford CS110 (#H25FCS201344SF)

— ##4: Principles of Computer System Design: An Introduction by
Jerome H. Saltzer and M. Frans Kaashoek (MIT)
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Application (ex: browser]

Operating
Compiler System
| _lAssembler] =

Instruction Set Architecture

Processor Memory|1/0 system

'_ﬂ :
Digital Design

Circuit Design

transistors
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[*---sum.c---*/ ERIZRD
int sum(int a[ ], unsigned len) #HEREE
{ FRFONEIRERT(HES)

Int 1, sum =0;

for (1=0;1<=len-1; ++)
sum += alil;

return sum;

BREFEIRRBINEIRERTR
g2 (HZ) FERYSIRER

}

[*---main.c---*/

Int main()

{
int a[l]={100}/ L
int s: #E4E (linker) FODNZ
s=sum(a,0); EFNIT (FiEssinia)
printf(“%d” ,s); S FIRERL IR

} —— PN T (Vo))
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o SCOISKRY SENFEE5THR .
IA-32 + GNU/Linux + gcc + C
— Homework HETH: gdb, make, git

MNRREESS. BTSRRI
— Lab

SEFRT (MO8ME) . SHHIER. ERXimt. $RTE

— Project

—M©BUIE (Programming Assignment, PA)
ERER F B EAIx861=ZENEMU K —ME Z i =g

AEEIPL95% NS @S

$EIE{ELabrh)

REECLRIFET? MEMPAGRRIIE S !

PAR= Tz thogiL :

— https://lwww.gitbook.com/book/nju-ics/ics2019-programming-

assignment
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