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1940’s: machine code (first generation of prog. Lang.)
* Programming using binary code directly

 Example of the frog: 11110010010111

But binary has low productivity

* Too complex for human being: error prone

* Very hard to write large programs

I1950;5: assembly language (second generation of prog.
ang.

* Instead of writing “1” and “0”, people write “add” or “sub” L
» Example of the frog: &;%;£;%&; ;T A 1
Productivity is better than binary, but it could be better

e Quick fix: people use “macro assembly instructions”: instead
of writing £a;4 we can write 2[815

* No real “high level language” yet

28
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L4 Fortran: SC|entifiC CaICUIationS ”””“""l 33435 lHHH!Hla!o”iiisiiﬁﬁui555555155555555555555555555551‘55555555555

! IIlEEEBBIEEGS IiFBEEBEEEII_GEi[iibiiﬁﬁ&((ii(iiiiBiEEEEEi(iiiﬁﬁ‘ﬁﬁﬁsﬁﬁ“i‘iliﬁiisﬁ
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|
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---------------------------------------------

 Lisp: functional language 5
1969-1973: C language

* Created in Bell laboratories (USA) to implement the first UNIX OS EET:E T-‘\:7\|‘77’f)l/ 3(—7—'(
* The most used language right now B

* Meant for system programming, but used for everything now
(unfortunately)

1983: C++ language (object-oriented language)

* Extension of C to support object-oriented programming
. Widely popul ar now = T e T £ e
1996: Java (virtual machines and just-in-time compilation)
 Resembles C++, but abstracts memory allocations

e Originality: the Java compiler compiles in bytecode, not machine code

29
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for(i=0; i<max; i++){
t = a;
a = b;
b=1t+ a;
T++;
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Emile Zola est un homme éminemment sociable, multipliant les amitiés de
tous ordres et tous milieux, tout en refusant les mondanités. Passionné par
ses semblables, il privilégie cependant les amitiés artistiques et littéraires,
et fuit les politiques. Dés 1868 et grace a ses travaux journalistiques, il se
lie avec les fréres Goncourt, Edmond et Jules. Puis en 1871, il rencontre
Gustave Flaubert. Celui—ci, a I'occasion de réunions dominicales, I'introduit
auprés d'Alphonse Daudet et Ivan Tourgueniev. Toute sa vie, Zola gardera
la nostalgie de ce & petit groupe » dans lequel de & trois a six, on
entreprenait un galop a travers tous les sujets, ou la littérature revenait
chaque fois, le livre ou la piéce du moment, les questions générales, les
théories les plus risquées28. >.
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It hard to answer from the text of the program:
people tend to use graphical representation

The compller is the same !
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* The IR is the way the compiler represents program
internally

* |t expresses the important properties of the
program for further analysis

* In particular, it eases optimization
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Front / Middle / Back-end (1/2)

* Frontend (ZAVFIUR)
* Input: Programming language
* Output: Intermediate representation
* Key steps: lexing, parsing
* Often uses another IR inside for: the abstract syntax tree
(AST)
« Backend (/\'wIITUK)
* Input: Intermediate representation
e Output: Assembly
* Key steps: instruction selection and register allocation

* Middle-end (SFJLIZUF)
* Input: Intermediate representation

* Output: Intermediate representation
* Key steps: many kinds of optimizations !

* Intermediate representation (IR) (FRfEI S &5
e Stored in memory, but can also be saved in files
e Every compiler has its own IR (gcc, LLVM ...)

JOg5304
=:a
[==ujm
Front: Bil
RS
Middle=End SL/UCEIEHES
A=
Backend Back: &
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FEEKTLETE D HIFR : 324511

Constant Propagation

hEEE
T—3K1E 57 (CDFG)

Data dependency % i:li iii

It t

i 1bF
LR wJ=t/ N
J07 5L

int a = 1;
int b = 2; » » »u a» c = 3;
C a + b; N ’

N ’

\ J
Y

a1k

(SEFILTUR)




BEKLETEDOHIFR : =512

Constant Propagation =+ Function Inlining

o Constant
Inlining , _
Propagation Inlining
int inc(int x) { int inc(int x) { int inc(int x) { int inc(int x) {
return x + 1; return x + 1; return x + 1; return x + 1;
b } } }
|r.1t do(int x) { int do(int x) { int do(int x) { int do(int x) {
if (x!=0) { if (x!=0) { return Xx; return x;
return inc(x-1); return x-1+1; } }
}elsg { E> } else { |::>int main() { |::>int main() {
a = inc(x); a=x+1; return do(6); return 6;
returna—1; return a-1; } }
} }
} _ } ' Only one
int main() { int main() { instruction left !

return do(6); return do(6);

} }



BEEKLETE DOHIPR : =512

Constant Propagation =+ Function Inlining

int inc(int x) { int main() {
return x + 1; return 6;

} = - =
int do(int x) { 1k HS_LJE/’“Z i
if (x!=0) { DA 0)&
return inc(x-1);
}else {
a = inc(x);
returna-—1,;
}
}

int main() {
return do(6);

}
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Homework 1
Supercomputer

The fastest supercomputer in Japan, the K computer, features 88128 processors and can execute at most 10'°
floating point calculations per second.

In the following questions, we suppose that the processors cores will have the same performance and power
consumption in the future.

1. The next milestone of supercomputer (“exascale”) is expected to execute 10*8 floating point operations
per second. How many processors of the current machine would that require ?

2. Infact, we cannot raise the total number of processors, but we can raise the number of core per
processor. The K computer features 8 cores per processor. How many cores would be required per
processor in an exascale supercomputer ?

3. The K computer dissipates 10 MWatt of power. Please give an estimation of the power consumption an
exascale supercomputer (hint: consider that all the power is dissipated by processor cores).

4. Please give your opinion on the feasibility of an exascale supercomputer with current technologies (hint:
the power consumption of one household is about 5KW)

5. Fobh—k:TJATSLEEWNECEHYETMN?



O m eWO r k 2 We consider the assembly language with the following unique instruction:

* multvar vall val2 (corresponds to “var = vall * val2”)

" " * ex:“multab 6”isthe assembly for “a=b * 6”
Compilation v

1. Compile Program 1 to this assembly

The assembly instruction mult corresponds to the following machine code:
0001<var><vall><val2>0000

Program 1 Where <x> defined as follows:

2 gg * if xis a variable, <x> is the ASCII code of x (7 bits) prefixed by one bit set at “0”
B ’ * ex: “d” becomes “01100100” (the ASCII code of “d” is “1100100")

Program 2 * if xis a number, <x> is the value of x coded in 7 bits, prefixed by one bit at “1

* ex: “42” becomes “101010” (“42” is “0101010” in binary)

2 _3,611. 2. Compile Program 1 in machine code (hint: the code for the first instruction is
’ ”0001 0110 0001 0110 0010 0000 0010 0000”)

3. Explain why we can’t express Program 2 in this machine code.

4, FToHh—kTAGSLEZENVCEHBYEFITM?



Homework 3
Code Optimization

Program 1

a
C

b*2;
a7'€3 ;

1. Convert Program 1 to IR (use the IR of slide 47 - graph)

In the following, express all your answers in IR.

2.  How would you simplify Program 1 code ? (hint: the optimized
program would be one expression)

Some processors are faster to perform bit shift (<<) than multiplication (*).
A bit shift is so that:

ax2"=a<«Kn.
3. Replace the first multiplication of Program 1 with a bit shift

Let us consider the following optimization techniques
* s:transforms multiplications by shifts when possible

* f:replace two successive multiplications by a constant by one
ex: “u=v*21; w=u * 2” becomes “w=v * 42;”

4. Apply s and fto Program 1 in the following order: sf then fs. Are the
results the same ?

5. We consider that a multiplications executes in 20 ns, and a shift in 10
ns. Please calculate the execution time of Program 1 and the two
programs you wrote in question 4. Which one is the fastest ?

6. FToh—hk:TATSLEZENECEHYFETMN?



