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The Task

 We need to use an LRUCache for some project
 \WWe need to understand
e What it is

e How it is used

* A bit the implementation just in case
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First: What is an LRUCache?
FOCUS: High-level view

A cache => known from previous courses

* With a least recently used policy => it removes elements when full!

* (General info on how caches work, from wikipedia
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Cache replacement policies

From Wikipedia, the free encyclopedia

This article is about general cache algorithms. For detailed algorithms specific to paging, see page replacement algorithm. For detailed algorithms specific to the cache between a CPU and RAM, see

CPU cache.

Not to be confused with cache placement policies.

This article has multiple issues. Please help improve it or discuss these issues on the talk page. (Learn how and when to remove these  [hide]

template messages)

. e This article may require copy editing for style, flow, formatting and cohesion. (September 2022)
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A Map of the Code
FOCUS: High-level view

System-Caching-Tests

o Statically learn what is there

e Focus on the main class: LRUCache

e Read the comment!

system-cachind

7 Comment = ¢’ LRUCache x A UML-Class x = Inst. side methc x Uean

Class: LRUCache

I am LRUCache.
I am a Cache.

I am a limited cache that evicts the least recently used entries. My implementation is properly 0(1).
Implementation Notes

The key/value pairs in the cache are held as Associations in a DoublelinkedList, lruList, ordered from
least to most recently used.

The keyIndex Dictionary maps from each key to the actual DoubleLink inside lruList holding the
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User perspective - How does it work?
FOCUS: API

e | earned from the comment:

* |t seems to work as a dictionary and store (key, value) pairs

 There are examples!

e |mportant method: at:ifAbsentPut:

primeFactorsCache := LRUCache new.

50 timesRepeat: |
| n |
n := 100 atRandom.
primeFactorsCache

at: n i1fAbsentPut: [ n primeFactors | ].
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User perspective - How is 1t used?
FOCUS: API

e Senders of at:ifAbsentPut:

 Bad idea! same APl as Dictionary, lots of false positives

Senders of at:ifAbsentP

CairoBackendCache

x — 0O
AbstractCache at:
AthensCairoSurface cacheAt:ifAbsentPut: caching
AthensCanvas setPaint: paint
Behavior ensureProperties accessing - properties
Behavior propertyAt:put: accessing - properties

Class class allSuperclassesFor:.cache: file infout
BitBlt colorConvertingMap:from:to:keepSuprivate
BlockClosure memoizedUsing: *System-Caching
CCodeGenerator checkForGlobalUsage:in: utilities
CCodeGenerator localizeGlobalVariables utilities
CairoBackendCache at:ifAbsentPut: accessing

for:at:ifAbsentPut: accessing

System-Caching
Athens-Cairo
Athens-Core
Kermnel

Kermnel

Kernel
Graphics-Primitives
System-Caching
Slang

Slang
Athens-Cairo
Athens-Cairo
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User perspective - How is it used? Try #2

FOCUS: API

e References of the LRUCache class

* Better! Only 11 users. We can read them all!

x — 0O
AthensCanvas
BlockClosureTest

« CoSession
GradientFillStyle class
IceRepository
IceLibgitRepository

* LRUCacheTest
MCTool class
MicHTTPResourceReference class
UITheme
UITheme

Senders of LRUCag

paintCache
testMemoizedLRUCache
initialize
initPixelRampCache
commitsinPackageCache
commitCache

newCache
mcVersionCache
resourcesCache
createArrowlmagesCache
createBoxImagesCache

*System-Caching-Tests
initialization

private - initialization
private - commits
private - commits
accessing

accessing

testing

scrollbars

scrollbars

Athens-Core
System-Caching-Tests
HeuristicCompletion-Model
Graphics-Canvas
Iceberg

lceberg-Libgit
System-Caching-Tests
MonticelloGUI
Microdown
Polymorph-Widgets
Polymorph-Widgets
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Analysis of Class Users

;

&
FOCUS: API BACKLOG
o TTLCache
o 2 tests, 9 “other” legitimate users Weight
Statistics
» Other 9 usages use two new API methods we did not check =xtensions?
LRUCache new
LRUCache new maximumWeight: 20;
maximumWeight: 20 factory: [ :key | .. 1;
yourself Pharo things:
atRandom
primes
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A Decision: Where to Continue?
FOCUS: AP BACKLOG

TTLCache

o 2 tests, 9 “other” legitimate users Weight
Statistics
Extensions?

factory:

 Other 9 usages use two new APl methods we did not check

LRUCache new
LRUCache new , . S '.f- i ool ———
maximumWeight: 20 Factory: [ :key | .. [
y ; » Stk S Tt NN Pharo things:

or Labker  atRandom

primes

at:ifAbsentPut: seems enough classes
to add elements for now
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Advanced Usage - Maximum Weight
FOCUS: API - weight

* The comment says nothing about the weight!

* | et’s check the implementation => read some code

e maximumWeight: is not in LRUCache

e => check the superclass

e Found in AbstractCache
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AbstractCache
FOCUS: API - weight

 AbstractCache defines weight

e AbstractCache comment says what this is about

P
AbstractCache I
| < LRUCache
weight I i
7 Comment X ¢ AbstractCache x & UML-Class -+ Inst. side methc x TR N
Class: AbstractCache

I am Cache.
I am an abstract class.

I am a limited cache holding onto key/value pairs.

Mv primarv interface 1is #at:ifAbsentPut: which takes two arguments: a kev and a block. Either the kev
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Information Confirmed by the Comment

FOCUS: API - weight

e at:ifAbsentPut: is the primary APl method (interface) !

* |t contains (key,value) pairs

e New information

* a cache has a weight (capacity)

Class: AbstractCache

* a cache has a max weight (max capacity)
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FOCUS: Implementation insert + evict

 Hypothesis
e A hit means we find an element in the cache
e A miss means we did not find it, we should add it

* |f we reach the capacity, we should evict something (LRU policy)

Implementor’s Hat: How Insertions Work
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Insertion Implementation

FOCUS: Implementation insert + evict

LRUCache >> at: key 1fAbsentPut: block

[...]

assoclation := keyIndex

associationAt:

key

ifAbsent: [ | value |
value := block cull: key.

[...]

association := self newAssociationKey: key value: value.

[...]

N self handleMiss: association |.

N self handleHit:

association
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Ilgnoring Complex Details at First

FOCUS: Implementation insert + evict

LRfiCache B> at:

a%%0ciation

key ifAbsentPut: block S & VRO F L\C} e S

:= keyIndex

assocliationAt: key
ifAbsent: [ | value |

g2l := block cull: key.

Do u,b le checles

T§?g5ﬁﬁ’ation := self newAssociationKey: key value: value.

9 ¥ handleMiss: association ].
ManeleHit: association
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Focus on the Important

L
L~
FOCUS: Implementation insert + evict BACKLOG
TTLCache
Statistics
Extensions?
factory:
LRUCache >> at: key 1ifAbsentPut: block weight impl!
[...] Semaphores
association := keyIndex Two checks
assocliationAt: key
ifAbsent: [ | value |
value := block cull: key.
[...]
association := self newAssociationKey: key value: value. Pharo things:
[.] amemoommomg, atBandom
" selfihandleMiss; dissociation ]. primes
A seld™handleHit: dssociation Classes
PO — concurrency




Where is the Insertion?

&
FOCUS: Implementation insert + evict BACKLOG
TTLCache
Statistics
Extensions?
factory:
LRUCache >> at: key ifAbsentPut: block W . Py weight impl!
[...] l“f w3 YWLSS 3 Semaphores
association := keyIndex . TYVO checks
associationAt: key Sk(j} M,Ld LA Se T’% hits
ifAbsent: [ | value | - o
value := block cull: key.
]
association := self newAssociationKey: key value: value. Pharo things:
[...] e atRandom
A sel handleMlss _Jssociation ]. primes
A self handleHit¥™gseeetation classes
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Confirming the Hypothesis

&
FOCUS: Implementation insert + evict BACKLOG
TTLCache
Statistics
Extensions?
factory:
weight impl!
. . . . Semaphores
handleMiss: association BLMS(;} o Cﬁecks
| link | hits
statistics addMiss.
Ak := lPULlSt add Last: associat io"‘“ Share th
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Where is the eviction? 2

FOCUS: Implementation insert + evict BACKLOG

TTLCache
Statistics
Extensions?
factory:
weight impl!
Semaphores

handleMiss association a Two checks

- FETIstics addMlss

'?¢%_e1f addWelght association value.
l 1 n ‘ =Y ’v s b e e o 6" a 10 n |
keyIndex at: association key put: link. Pharo things:

. . atRandom
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Looking in the Statistics W

FOCUS: Implementation insert + evict BACKLOG

TTLCache
» Implementors of addMiss Extensio
Extensions?
factory:
“ weight impl!
Nope, just an tncrement Two ahocke
hits

CacheStatistics >> addMiss addWeight:
misses := misses + 1

Pharo things:
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Stepping Back .

FOCUS: Implementation insert + evict BACKLOG

TTLCache
e |Implementors of addMiss Statistics

Extensions?
factory:
weight impl!

: : : Semaphores
handleMiss: association Two checks

| link | hits
statistics addMiss.

oLt addWeight: association value.

keyIndex at: association key put: link. Pharo things:

. . atRandom
N assoclation value primes

classes
concurrency




Backtracking and Trving Other Path

®
&
FOCUS: Implementation insert + evict BACKLOG
TTLCache
* |Implementors of addWeight: Statistics
Extensions?
factory:
weight impl!
, . o. | Semaphores
addWeight: value BLMSCJ &S&LM, Two Cﬁecks
elght 1sBelowMax1mum .
hllEEé}Seﬁﬁhﬁﬁﬁijp* LRU?
SELTTISTMPLY why loop?
ifTrue: [ self epror: °.° ]
: Lol € ovs oo Pharo things:
ifFalse: [nxs el-c,] ] ~tRandom
primes
classes
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What did we learn?

| RU Cache is a cache with a Least Recently Used policy
 Works as a (key, value) pair

 Main API: at:ifAbsentPut:

 Has a max capacity, evicts elements to not surpass it



What did we NOT learn?

 How the LRU policy is implemented
 How is the weight/eviction implemented?

* |s it thread-safe”? How? How does Pharo concurrency work?

 Many classes: Statistics, TTLCache...

 How do Pharo random generators work?

We ES nored wore Fhan what we learned
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How did we learn?

 \We focused on the target
* Flow: High-level View => Usage => Implementation

 We ignored things not in focus, and kept a log for later

 Comments had important info: the why of the design
 Senders show examples of users!

 Methods were too detailed: learn what lines to ignore



