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Which of the following things have you
done in preparation for the Midterm?

A.

B. Created a cheat sheet

moo

Al

Looked over past lectures

Looked over past sections

Looked over past assighments (exercise +
homework)

Looked over past midterms

. Prefer not to say

"
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Relevant Course Information

» Exercise 11 released and due Wednesday (after Midterm)

» Homework 2 was due last night
= Don’t forget to double-check your hw2-subm1 t tag!

= Use late days if you need to; they exist for a reason!

» Homework 3 will be released on Monday, due in 3 weeks
= Now in C++, but interfacing with the HW1 & HW2 C code!

» Midterm Review tonight @ 4:30 PM (CSE2 G10, Zoom)

- Midterm: February 9 from 5:30—6:40 PM
= |nfo: website, Ed post #377
" No lecture on Monday



https://courses.cs.washington.edu/courses/cse333/26wi/exams/
https://edstem.org/us/courses/89933/discussion/7604784
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Lecture Outline

+ C++ Standard Template Library (STL)
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C++’s Standard Library

+» C++’s Standard Library consists of four major pieces:
1) The entire C standard library

2) C++’s input/output stream library
= std::cin,std::cout, stringstreams, fstreams, etc.

3) C++'s standard template library (STL) =

= Containers, iterators, algorithms (sort, find, etc.), numerics

4) C++'s miscellaneous library

= Strings, exceptions, memory allocation, localization
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STL Containers ©

+» A container is an object that stores (in memory) a
collection of other objects (elements)

" Implemented as class templates, so hugely flexible
" More info in C++ Primer §9.2, 11.2

« Several different classes of container
" Sequence containers (vector, deque, List, ...) indo humerally

= Associative containers (set, map, multiset, multimap,
bitset, ...) inder by key

= Differ in algorithmic cost and supported operations
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STL Containers ®

+ STL containers store by value, not by reference
" When you insert an object, the container makes a copy

" |f the container needs to rearrange objects, it makes copies
- e.g., ifyousortavector, it will make many, many copies |\

- e.g., if youinsert into a map, that may trigger several copies >

" What if you don’t want this (disabled copy constructor or copying
is expensive)?
- You can insert a wrapper object with a pointer to the object
ﬁ We'll learn about thesermart pointersﬂsoon
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Our Tracer Class

sefs unigue A, indial value s 33—
+ Wrapperclass foran unsigned intvalue_
= Also holds unique unsigned int increasing from 0)
= Default ctor, cctor, dtor, op=, op< defined
= friend function operator<< defined

= Private helper method PrintID() to return
"(1d_,value_) " asastring

® Class and member definitions can be found in Lracer . h and
Tracer.cc

+ Useful for tracing behaviors of containers
= All methods print identifying messages
" Unique 1d_ allows you to follow individual instances
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STL vector

+ A generic, dynamically resizable array

" https://cplusplus.com/reference/vector/vector/

ﬁElements are store in contiguous memory locations
- Elements can be accessed using pointer arithmetic if you’d like
- Random access is O(1) time ¢~ cullcte  sddvess via puHamelic, Fhen access
= Adding/removing from the end is cheap (amortized constant
time)
" |nserting/deleting from the middle or start is expensive (linear
time) must cpy  all ‘Fb“ow]ré elem oits


https://cplusplus.com/reference/vector/vector/
https://cplusplus.com/reference/vector/vector/
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vector/Tracer Example

vectorfun.cc

i

r#include <iostream>
#include <vector>
#include "Tracer.h"

using namespace std;

\

//Y"\OS"’ (oTdiners ‘G’Mn& w Noraries sf Same nNa&m e

int main(int argc, char*xx argv) {

Tracer a, b, c; // construct 3 Trocer  instonces
vector<Tracer> vec; lﬂrmu»émyb) vedor contammer of Ivacers

cout << "vec.push_back "
vec.push_back(a);
cout << "vec.push_back "
vec.push_back(b);
cout << "vec.push_back "
vec.push_back(c);

cout << "vec|[O0]" << endl
cout << "vec|[2]" << endl

return EXIT_SUCCESS;

<<

<<

<<

<<
<<

a << endl;\z
b << endl;

c << endl;

A Copies ot Tracees To
end o‘F container

elomets can bo actesed vie Subeyist adladi

vec[0] << endl; U oo fhe shiay wilos
vec[2] << endl; f ore Whal e eyPO{r

CSE 333, Winter 2026
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. = copy construdion
Why All the Copying? ~ desroction

CSE 333, Winter 2026

‘.A—/Vﬂlme_
a | Co0) | b) (1,/1)‘ ¢ l<2z3-)7
l
p\)Sl\_b&Ck; 5 . . h Lak( Tmccd
e | (5 P call s constucted
- O 3(9 ch)
| 4
o= | S
4 10
- 5 1 15

T Tracer obucts construde) T
No+e'. (,apacﬂ\/ d\w\oles Lefe ec.c,\f\ ‘l(’ime <'\c>'+ ﬁr\impor‘ra»& é\e,—"ﬂ';l)
Note!  exadt Grieving of  congtrucion <hen Vec ge‘h moved  Nst impurfan'l'
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STL1terator

an erctor Srecﬁq‘c"‘b the coidginer %‘ element %y/e
+ Each contain cIassha/\w/associated iterator class
(e.q., vector<int>::iterato r) used to iterate
through elements of the container

" https://cplusplus.com/reference/iterator/iterator/

= |terator range is from beginupto end,ie., [begin, end)
4% end is one past the last container element!

= Some container iterators support more operations than others
. Agl_l_can be incremented (++), copied, copy-constructed
- Some can be dereferenced on RHS (e.g., x = *1t;)
- Some can be dereferenced on LHS (e.g., x1t = Xx3)
- Some can be decremented (—-)
- Some support random access ([ ], +, —, +=, —=, <, > operators)

12


https://cplusplus.com/reference/iterator/iterator/
https://cplusplus.com/reference/iterator/iterator/

1iterator Example

vectoriterator.cc

[ #include <vector>
#include "Tracer.h"
using namespace std;

int main(int argc, charxx argv) {

N

Tracer a, b, c;
vector<Tracer> vec;

vec.push_back(a);
vec.push_back(b);

vec.push_back(c); tedoe one past last element

SEWE A ”Iterat-ing.” << end-l'. / nr\u&v\er\ W‘ﬁ s a‘w&YS 195

vector<Tracer>::iterator 1t;

for (it = vec. beg1n(%\\1t < vec. end() ) {
cout << fjt << endl~tetoe of 7 clene )

} ' MeveTerence” JFD aet element

cout << "Done dterating!'" << endl;

return EXIT_SUCCESS;

& |
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Type Inference (C++11)

The auto keyword can be used to infer types

= Simplifies your life if, for example, functions return complicated

types

" The expression using auto must contain explicit initialization for

it to work

(// Calculate and return a vector\

// containing all factors of n
std::vector<int> Factors(int n);

\

\\\// Inferred type /&

o .
void foo(void) {

// Manually identified type
std::vector<int> factsl
Factors(324234);

Comp .'e/ l<r\d-0.$
ret b»m ‘|’\/
Factors (12321 5

auto facts2

// Compiler error here
auto facts3;

}

CSE 333, Winter 2026

Hhe
dors()

14
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auto and lterators

+ Life becomes much simpler!

for (vector<Tracer>::iterator it = vec.begin(); it < vec.end(); it++) {
cout << *it << endl;

}
for (auto it = vec.begin(); it < vec.end(); it++) {
cout << *it << endl;

}

15
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Range for Statement (C++11)

+ Syntactic sugar similar to Java’s foreach

(for ( declaration : expression ) {
statements

}

\. J

= declaration defines loop variable

"= expression is an object representing am

- Strings, initializer lists, arrays with an explicit length defined, STL
containers that support iterators

(// Prints out a string, one
// character per line
Sequence &/ Pstd::string str("hello");

racten ch
cract for ( aJ{b c : str ) {

std::cout << ¢ << std::endl;

\} J

16
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Updated 1terator Example

vectoriterator_2011.cc
N

[ #include <vector>
#include "Tracer.h"
using namespace std;

int main(int argc, charxx argv) {
Tracer a, b, c;
vector<Tracer> vec;

vec.push_back(a);
vec.push_back(b);
vec.push_back(c);

cout << "Iterating:" << endl;
~// "auto" is a C++11 feature not ava}lable on older compilers
for (auto& p : vec) { gresily simplifed

cout << p << endl; fercfor, begn, end handl®d for you

}

cout << '"Done iterating!” << endl;
return EXIT_SUCCESS;

17
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STL Algorithms

+ A set of functions to be used on ranges of elements

= Range: any sequence that can be accessed through iterators or
. . . Opd(x‘l\'ono\\ Po«o.ha e‘lec
pointers, like arrays or some of the containers [ O\Qrw;,:? o +he

7N joV(n'H\m

= General form: algor'ithm(beﬁin, end, ...);

terctoa j o\dm'mj & Sequence
+ Algorithms operate directly on range elements rather

han th ' hey live |
than the containers they live in sppropiche. opecctor (s>

= Make use of elements’ copy ctor, =, ==, | =, < must ke defired %’d
, dewest Hype in order
= Some do not modify elements b e STL clgorrdhms

- e.g., find, count, for_each, min_element, binary_search

= Some do modify elements
- e.g.,, sort, transform, copy, swap

18



W UNIVERSITY of WASHINGTON L14: C++ Standard Template Library CSE 333, Winter 2026

Algorithms Example

vectoralgos.cc
N

[ #include <vector>
#include <algorithm>
#include "Tracer.h"
using namespace std;

void PrintOut(const Tracer& p) {
cout << " printout: " << p << endl;

}

int main(int argc, charxx argv) {
Tracer a, b, c;
< > ;
vector<Trac r{;ggg)

o 6
vec.push_backf(c); ' vee: [ @20 [G0) [0 |
s vec.push_back ; A—=7
sof .
ngegb vec.push_back|\(b); L I{
" vahoe cout << "sort:" << endl; "

—> sort(vec.begin(), vec.end()); » -
| cout << "done sort!" << endl; Socfek e | C"O)‘(7J1>7<7;;> (
‘W@&)%Sfor_each(vec.begin(), vec.end(), &PrintoOut);

o 5
i:»\e o.cffeturn EXIT_SUCCESS;

ww & Q(;}e' J

19
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Copying For sort ~ Copy constuction

—  destruchon

a!/cm b l (’\_Jﬂ)\ C )Czda) \

commre (()

ﬁT(2,§)7 (6, 1ﬂ

AN U}
'\(\l\'} T(A\ Ne(C

Note! onl, fid comparson shaon hee,
—~— \/ W ’
mMmore. (aevfbrmeo\ ‘|\> Cohr\(?'e'\t éw&fc-) a\gofﬁ)\m,
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Iterator Question

+ Write a function OrderNext () that takes a
vector<Tracer> iterator and then does the compare-and-
possibly-swap operation we saw in sort () on that element
and the one after it
= Hint: Iterators behave similarly to pointers!

= Example: OrderNext (vec.begin()) should order the first 2
elements of vec

Voi Orée(NeX“' CVcc“br(TmcerX:'r}erdo,, w A\ ) {

0~\*+b D+Z = I'l’.l‘\'i N()+E 'H'\efe are vmr\y QCL\A Ja\len+
l.(: (*+2 <"=-H) { \m\o\emerﬁk}m\)
"o i it
VedorlTrce >t ector s Pt
et Tecds €1 o= 2 Nojvc sec the Fanplte version
I+Z +MP/ (\Iedbf <T>> n +e$|' cC
Tracer 3

1
/
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Extra Exercise #1

+ Usingthe Tracer.h/.cc files from lecture:

= Construct a vector of lists of Tracers

- j.e.,avector container with each element beinga List of
Tracers

= QObserve how many copies happen ©
- Use the sort algorithm to sort the vector
- Usethe List.sort () function to sort each list

22
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