OOBbEKTHO-OPUEHTUPOBAHHOE
nporpamMMmpoBaHmne

XI|. Beoa v BbiBOA
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[TpnHUKMN oTnoXxeHHoro (deferred) BblYUCNEHUSA

Bbluncnexue pe3yJribTata BblpaXeHUA OTKNnagblBaeTCcA [0 TOro
MOMEHTa, Korga 3Ha4YEeHUNe Bblpa>XeHU4A CTaHOBUTCHA

HeobXxoOUMbIM.

o Kaxobin anemMeHT Konnekuun paccmatpuBaeTca otaenbHo* (lazy

evaluation)
e OJfiIeMEHT KOmnnekuun paccmaTpmBaeTcsd BMecTe™ C ocTasibHbiMU

(eager evaluation)

https://learn.microsoft.com/en-us/dotnet/standard/ling/deferred-execution-lazy-evaluation
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[ToToku (streams™) B UNIX

[lynnekc-coeguHeHne mexay npoueccom n “ycTponcTtesom”.

o Ob6paboTuMk NOTOKa OpraHM30BaH Kak CTeK
o OOGpaboTuMk NOTOKA COCTOUT U3 ABYX oYepeneu
o Ouepeagn obmeHumBatoTca “Onokamu”, cocT. n3 read-, write- n limit-

yKasaTterneu
e AKTMBauMa o4epean Bbi3blBaeT yaaneHne O6MOKOB C AdaHHbIMU U

nomMeuwaeT UxX B CJieayrowyro odepeb

https://cseweb.ucsd.edu/classes/fa01/cse221/papers/ritchie-stream-io-belllabs84.pdf
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YcTtponcteo ovepean coobueHnm B UNIX

struct queue {
int flag;
void (*putp)();
void (*servp)();
struct queue *next;
struct block *first;
struct block *last;
int hiwater;
int lowater;
int count;
void *ptr;

}s

UTM, FCIM, POO 21.6, Branzan Leon © 2024

/*
/*
/*
/>I<
/>I<
/>I<
/*
/*
/*
/*

OuTbl Ons pasHblx dnaros */

npouenypa OTNpaBKkM COODOLUEHUs */

npouenypa npuema coobuieHuns */

yKasaternb Ha cregylllyo odepenb B NoTtoke */
nepsoe coobuleHne */

nocnegHee coooOLleHne */

MakcumarnbHass BMECTUMOCTb */

curHan anst NpuUHATUA HOBbIX coobuleHun */
Tekyline cumBonbl */

CKpblTaag obnactb ANs XpaHEeHWs OaHHbIX */
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[Tpnmepbl nCcnonb3oBaHUSA

o Kananbl™ stdin, stdout, stderr (channels)

o KoHBeuepebl (pipes, inter-process communication)
o [eHepaTopbl™ 1 co-nporpammel (yield)

o [lpnMuUTUBBLI CMHXpPOHM3aUMK (future vs. promise)

N T.0M.
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Kananbl* (channels) B UNIX

stdio.h:

_CRTIMP FILE * cdecl  acrt _iob func(unsigned index);
#define stdin (__acrt _iob_func(0))

#define stdout (__acrt iob func(1l))
#define stderr (__acrt _iob func(2))

fclose(stdout);
stdout = fopen("/standard/output.txt", "w");

https://web.archive.org/web/20230127013534/http://www.di.uevora.pt/~Imr/syscalls.html
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AHeKOoT

Read a file of text, determine the n most frequently used words, and print
out a sorted list of those words along with their frequencies.

[lpounTaTb TEKCTOBbIA pann, onpeaennutb N camMbIiX Y4acTo
BCTPEYaloOLLMXCA CNOB, BbIBECTM Ha 3KpaH OTCOPTUPOBAHHbLIN
CMUCOK 3TUX CIOB BMECTe C UX YaCTOTOW NOBTOPEHUS.

https://leancrew.com/all-this/2011/12/more-shell-less-eqq/

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md


https://leancrew.com/all-this/2011/12/more-shell-less-egg/

Object-oriented programming XIl. Pipelines 2/8

tr -cs A-Za-z '\n'
tr A-Z a-z

sort

uniq -c

sort -rn

sed ${1}q

‘A wise engineering solution would produce — or better, exploit —
reusable parts.”

M. “Doug” Mcliroy
https://dl.acm.org/doi/pdf/10.1145/5948.315654
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KoHnBeunepbl (UNIX pipelines)

“We should have some ways of coupling programs like garden hose —
screw 1n another segment when it becomes necessary to massage data
in another way. This is the way of 10 also.”

M. “Doug” Mcllroy
“The Origin of Unix Pipes*”, October, 11, 1964

https://dsf.berkeley.edu/cs262/unix.pdf
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{
"updated": "2022-01-10T00:35:007",
"data": [
{
"Code": "111111",
"Occupation”: "Chief Executive or Managing Director",
"Count": 54480
}s
{
"Code": "999999",
"Occupation": "Not stated",
"Count": ©
}
]
}

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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[Mpnmep ncnonb3oBaHMA KOHBeepa

curl -XGET https://my-file-location.io/stats.json > tmpl
grep “\”Count\”: ©” < tmpl > tmp2
wc -1 < tmp2

curl -XGET http://my-file-location.io/stats.json
| grep “\”Count\”: ©”
| we -1

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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KoHBewnepbl NpoTUB OOLEKTOB

.

\

Request —> \ ) /
Response < \

\_)\

/

Hetp Request
= \\/\
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https://www.voutube.com/watch?v=ipceTuJlw-M

NDC { Porto }

Pipeline-oriented

programming

Scott Wlaschin

Deveiopar, architect and authar
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“Everything there—even input conversion and sorting—is
programmed monolithically and from scratch. In particular the
isolation of words, the handling of punctuation, and the treatment of
case distinctions are built in. Even if data-filtering programs for these
exact purposes were not at hand, these operations would well be
implemented separately: for separation of concerns, for easier
development, for piecewise debugging, and for potential reuse.”

M. “Doug” Mcllroy

https://dl.acm.org/doi/pdf/10.1145/5948.315654
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Thunks*

[Tpoueccsl, KOTOpble nepBoHavasnbHoO MCNonNbL30BanucChb ans
napannenbHOro BbIYUCIIEHNA 3HAYEeHUN BblpaXeHUun Ans napamMmeTpoB
doyHKUMW NpU BbI3OBE.

“A piece of coding which provides an address”
P. Z. Ingerman
1961
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Thunks

B otnnyme ot callback-gpyHKuUnn, KOTOpble ABM. agpecoM Ha KoA:

void gsort(void *ptr, size t count, size_ t size,
int (*comp)(const void*, const void*) );

[Mpumep thunk-oB B Scheme:

(define ones
(lambda () (cons 1 ones)))

(define (natural x)
(cons x (lambda () (natural (+ x 1)))))

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md



Closures

[...]a data structure containing a lambda expression, and an
environment to be used when that lambda expression is applied to

arguments

https://en.wikisource.org/wiki/Page:Scheme - An interpreter for extended lambda calculus.djvu/22



https://en.wikisource.org/wiki/Page:Scheme_-_An_interpreter_for_extended_lambda_calculus.djvu/22
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Closures

def f(x):
def g(y):
return x + vy
return g
def h(x):
return lambda y: x + vy
a = (1)
b = h(1)

assert a(5) ==
assert b(5) ==
assert f(1)(5)
assert h(1)(5)

vV oV VoV
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Closures

def f(x):
def g(y):
return x + vy
return g
def h(x):
return lambda y: x + vy
a = (1)
b = h(1)

assert a(5) ==
assert b(5) ==
assert f(1)(5)
assert h(1)(5)

(o) e) o) o)
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3aMblkaHue (closure)

3akpbimoe ebipaxeHue — CTPYKTypa AaHHbIX, COCTOsILLAs U3 A-BblIpaXeHust U
cpenbl*, OTHOCUTENbHO KOTOPOW Bblpa)KeHMe BblYUCIISIETCS, T. €. 3TO:

e CMNMWCOK M3 [OBYX CYLUHOCTEW. cpeabl W unaeHTUdukaTopa/cnucka
NOeHTUPUKaToOpPOB;
® EOVHWYHbLIN CNUCOK M3 anniIMKaTUBHOIO BblipaXXeHUS.

Ona BblpaxeHns X = Ab.B, ee cBsi3aHHbIX NepeMeHHbiXx bv, cpegbl E
3aMblkaHWe onpeaeneHo Kak:

cons((E, bv), unitList(B)).

https://www.cs.cmu.edu/~crary/819-f09/Landin64.pdf

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md


https://www.cs.cmu.edu/~crary/819-f09/Landin64.pdf

Object-oriented programming XIll. Generators 6/16

Namopa-dpyHkumm B C++

“Constructs a closure (an unnamed function object capable of capturing
variables in scope).”

[captures] front-attr(optional)

(params) specs(optional) exception(optional)
back-attr(optional) trailing-type (optional) requires (optional)

{ body }

https://en.cppreference.com/w/cpp/language/lambda
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Namopa-dpyHkumm B C++

[captures] a comma-separated list of zero or more captures, optionally beginning with
the capture-default. The capture list defines the outside variables that are

accessible from within the lambda function body.

(params)

{ body }

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Namopa-dpyHkumm B C++

void f(int i) {
[&] {}; // OK: by-reference capture default
[&, 1] {}; // OK: by-reference capture, except i is captured by copy
[&, this] {}; // OK, equivalent to [&]
[&, this, i] {}; // OK, equivalent to [&, 1]

void f(int i) {
[=] {}; // OK: by-copy capture default
[=, &1] {}; // OK: by-copy capture, except i is captured by reference
[=, *this] {}; // OK: captures the enclosing S2 by copy
[=, this] {}; // OK: same as [=]

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@jiis.utm.md
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Namopa-dpyHkumm B C++
[captures] a comma-separated list of zero or more captures, optionally beginning with

the capture-default. The capture list defines the outside variables that are
accessible from within the lambda function body.

(params) parameter list of operator() of the closure type.

{ body }

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Namopa-dpyHkumm B C++

auto make function(int& x) {
return [&] { std::cout << x << '\n'; };

¥

int i = 3;
auto f = make_function(i); // x cBsA3biBaeTca C i
i = 5;

f(); // 222

UTM, FCIM, POO 21.6, Branzan Leon © 2024 leon.brinzan@iis.utm.md
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Namopa-dpyHkumm B C++

auto make function(int& x) {
return [&] { std::cout << x << '\n'; };

¥

int i = 3;

auto f = make_function(i); // x cBsA3biBaeTca C i
i = 5;

f(); // 5
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ELwe npumepsbl

std: :vector<int> c{1, 2, 3, 4, 5, 6, 7};
int x = 5;
c.erase(
std: :remove_if(
c.begin(), c.end(), [x](int n) { return n < x; }), c.end());
/] ???

auto nth_fibonacci = [](int n) {
std: :function<int(int, int, int)> fib = [&](int n, int a, int b) {
return n ? fib(n - 1, a + b, a) : b;
¥
return fib(n, 0, 1);
¥
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ELwe npumepsbl

std: :vector<int> c{1, 2, 3, 4, 5, 6, 7};
int x = 5;
c.erase(
std: :remove_if(
c.begin(), c.end(), [x](int n) { return n < x; }), c.end());
// 5, 6, 7

auto nth_fibonacci = [](int n) {
std: :function<int(int, int, int)> fib = [&](int n, int a, int b) {
return n ? fib(h - 1, a + b, a) : b;
¥
return fib(n, 0, 1);
¥
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[eHepaTopbl B C++

struct pair {
int car;
struct pair (*cdr)();

}s

auto natural(int x) -> pair {
auto ¥ = [=]() -> pair {
return natural(x + 1);
}s

return pair{x, f};

auto res = natural(l);
for(int i = 1; i <= 10; res = res.cdr(), i = res.car) {

std::cout << i <« 5

}
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[eHepaTop:kl B Lisp

(require 'generator)

(iter-defun my-iter (x)
(iter-yield (1 + (iter-yield (1 + x))))
-1)

(let* ((iter (my-iter 5))
(print (iter-next iter)) )

https://www.gnu.org/software/emacs/manual/html node/elisp/Generators.html
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[eHepaTopbl™ B Python

def natural(x):
while(True):
yield x

X +=1

for i in natural(1l):
if(i > 10):
break
print(i, end=" ")

https://wiki.python.ora/moin/Generators
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Future - 310 abcTpakunsa BpeMeHu

“The construct ( future X ) immediately returns a future for the value of
the expression X and concurrently begins evaluating X. When the
evaluation of X yields a value, that value replaces the future.”

Halstead, 1985
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Future vs. promise

“Consider an "eager beaver" evaluator for an applicative programming language which
starts evaluating every subexpression as soon as possible, and in parallel. This is done
through the mechanism of futures*, which are roughly Algol-60 "thunks" which have
their own evaluator process ("thinks"?).”

H. Baker, Jr., C. Hewitt

“The Incremental Garbage Collection of Processes”, 1977

https://web.archive.org/web/20200621015121/http://home.pipeline.com/~hbaker1/Futures.html
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Promise - 3To npouecc, Bbluucnsawowmm future

‘If you promise something to someone, you are responsible for
keeping it, but if someone else makes a promise to you, you expect
them to honor it in the future.”

http://dist-prog-book.com/chapter/2/futures.html
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Object-oriented programming XIV. Futures and promises
“byayLHoCcTN” 1 “nepcnekTuBbl”
Future coctouT mns:

e BbIYUCNUTENBLHOIO NnpoLecca (C oTaerbHOU cpenoun);
o AYENKM NAMATU (4119 KILUMPOBAHUS 3HAYEHUSA apryMeHTa);

e O4epeau npoueccosB, oXXnagarwwmnx pesdyribtat BbIHUCITIEHUA.

tmpl := x.f();

tmp2 := y.g();
tmp3 := tmpl.h(tmp2); // tmp3 := x.f().h(y.g());

tmp3 := x <- () <- h( y <- g() );

UTM, FCIM, POO 21.6, Branzan Leon © 2024

4/6

leon.brinzan@iis.utm.md



Object-oriented programming

Eventuals

exp=a(b(c(O)d(e,fO))

Conventional RPC

XIV. Futures and promises

= 3 e | e )

ImMm< omWn
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With Pipelining

5/6

exp=a (b (c(@)d(e(,fO))

—Z2mHrnNn

aTm< omWn
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https://www.youtube.com/watch?v=sYSP elDdZw

for 1 in 1..18: for i in 1..10:

print(i) print(i)

yield ==p yield

https://www.youtube.com/watch?v=1Gv5WYYmyfo



https://www.youtube.com/watch?v=sYSP_elDdZw
http://www.youtube.com/watch?v=IGv5WYYmyfo
http://www.youtube.com/watch?v=sYSP_elDdZw
https://www.youtube.com/watch?v=IGv5WYYmyfo
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Future n promise B C++

#tinclude <thread>
#tinclude <iostream>
#tinclude <future>

int main() {
std: :promise<int> p;
std: :future<int> f = p.get_future();
std::thread t([&p]{
try { /* code that may throw */ } catch(...) {
p.set_exception(std: :current_exception());
// store anything thrown in the promise
}
})s
try { std::cout << f.get(); } catch(const std::exception& e) {}
t.join();

https://en.cppreference.com/w/cpp/thread/future
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// sender/producer

: std::future<int> async_algo() {

std: :promise<int> p;

auto f = p.get future()

std::thread t { [p = std: :move(p)] () mutable ({

int answer = // compute!

p.set_value(answer)l

}Y:
t.detach() ;

return £;

https://www.usenix.org/system/files/conference/osdi16/o0sdi16-querraoui.pdf
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