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Dear Iranian readers,

Since ancient times, your people and your lands have witnessed great
mventions in the fields of mathematics. In fact, the subject of
computer science was started by Iranian mathematicians. Muhammad
ibn Miusa al-Khwarizmi invented the algorithm—that word itself has
its origin from the great mathematician’s name. Fortunately, the entire
world has built on top of al-Khwarizm’s foundation, and today we
have a modern wonder: the personal computer.

In this book, I invite you to follow the path of the invertors of algebra
and the algorithm. I hope to inspire you to use the discoveries in the
science of computation to create software that helps humanity build a
better world, one with more love. And I invite the most adventurous
of you to keep exploring and developing the science of computation,
so that our children and grandchildren can have even more advanced
computers to work with.

May your learning journey be blessed and peaceful.

Wladston Filho
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function maximum(A, B, C)

if A > B
if A > C
max « A
else
max « C
else
it Bl¥ €
max « B
else
max « C
print max
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function selection_sort(list)
for current ¢ 1 .. list.length - 1
smallest ¢ current
for 1 € current + 1 .. list.length
1f list[i] < list[smallest]
smallest ¢ 1
list.swap_items(current, smallest)
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function merge(sea, fresh)
result e List.new

while not (sea.empty and fresh.empty)
if sea.top_ditem > fresh.top_item
fish ¢« sea.remove_top_item
else
fish ¢« fresh.remove_top_item
result.append(fish)

return result
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function power_set(flowers)
fragrances ¢« Set.new
fragrances.add(Set.new)
for each flower in flowers
new_fragrances « copy(fragrances)
for each fragrance in new_fragrances
fragrance.add(flower)
fragrances « fragrances + new_fragrances
return fragrances
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function fib(n)
if nis 2
return 1
return fib(n - 1) + fib(n - 2)

fib(3)|[fib(2)|

il

fib(3)||fib(2) || fib(2) If'ib(l) fib(2)||fib(1)

[Fib)

[Fib(2)|[Fib(1)]
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function palindrome (word)
if word.length = 1
return True
if word.first_char # word.last_char
return False
w « word.remove first_and_last chars
return palindrome(w)

| palindrome('racecar') |

!

| palindrome('aceca') |

| palindrome('cec') |
v

| palindrome('e') |
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functiaon recursive_power_set(items)
ps ¢ copy(items)
for each e 1in items
ps €« ps.remove(e)
ps €« ps + recursive_power_set(ps)
ps « ps.add(e)
return ps
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function knapsack(items, max_weight)
best_value ¢ 0
for each candidate in power_set(items)
if total _weight(candidate) = max_weight
if sales_value(candidate) > best_value

best_value ¢ sales value(candidate)
best_candidate ¢ candidate

return best_candidate

b B L 5 0 S e e WOT 1SS gl 30 2y S 27 J peaea T2 21
B S i Eaen SV 4 S S e OT B B8 g AR et ey a5
Wl O(27) ) 53 s 03513 3 g5 g W graome 1 lonZl 12 (51 Sllas
e Ly 280 ST WOT 1 (2 bt X )y s Y e sl Bl plad ol il
Sl a5l adal o D35l asmy e e e Sy, Ans e Ol g S
233 1) S 10T 28 ool 1 gt ST ) ot 457 0 ol n ool ) (2 i (2 Sl

)

Q;;’Aﬁc -§-Y
B [ o sk e Tl S Gk gk 08U AT

.Aﬁf&rw:dua#q}ﬂf-AﬁAdm@

S35 1y le e A A e 0 gl Wl 0 e i TS i

S ) pr Gm G F pl iy A5l S O

:Aﬁdolﬁé#\_ﬁ}ﬁed%

Ahdn e S g3y 2\ pis DA S5 1pjy Sa lene
TS e A3 pis 4 nis gt S b
3 é 7Y Jg_h T~_._..f a3l Ol 45 Ay o 1S LAy Swd Dy geeds | J=ely ALS e

as e OLAS L )‘.:aTcLo Sy emeia LA w39 025 )l E claely

i o5l g 31§18 0SS HE Sy e YT 23 55 45 Ol JSND 3 5L J e il 8 ol
S o o5 OT gl cstany S
https://code.energy/8queens (s Dlenl Wl o) puray il "



jmalsr-,lﬁﬁhﬁaﬁgll?m | P domibo

N N A0 |
=g T 44 .
o - |
| i il "R!
] -
4 : fre-

etz OF 08 0 Vb b .ol 0 dboar 1 9339 gl 48 oair Cadwe 239 111 G
BEPIEY )1)5 é)fgé Salee Sl I.nﬁjg

o el Gamiee 53 oy Slhe slge I e OlF e by s Suta 5 ks T e o

S 2 et Ll s SVl ol T g K S S 1D (S e 55 s alies oyl fe 3l
W55 ple SE15HE B 1S s alos RS 4 &8 W, n LB demier (595 Sk Jsl 3y 93
SO Gamtea 3,85 55 b Al KT s 4 ooy S San o Al 1S 515 S

'}}:‘Gﬁ L:)'Lnj le e gl L.T..wlL:.nlL; h:-’ylb— o.:([llpw s k.;';}b jl

anbliS Olgg on gl a3 cpdab i BUIST S o cntio (6.8 415 (s1m foun (51 et

Ly 239 5 5 pd a3 gdmun amieo ($35 U8 05 CuBan bl o (Sun (518555 (51 anlin (sle

w0 Uy e e g ol 5 estimal bt Sa sty 8 Ui s s sadas (503 ssun 53 O yF o

S3) 2 pislaia u-?i")f AN BB e 55850 035 LSl o8 Wy pn amie S s
’*5”-“@05“;? Lo

E-ﬂ; - .
N

T T T
o - . T
v




58 domine ‘ (el fd

S O S el 0l 8,55 5 s S 53 15 52T 45Tl Ol

A il 3,5 e 5l Soale gl puasign sl U it g 03 T 30 L B 5y sl

35 Ao ais AT Sl usa S 250 p S5 4 By e aall ane Slale 53 ba 5y 00
135 el 015 oa 228730 Slestimal b1y il § cal ek anlal

function queens(board)

if board.has_8_queens
return board

for each position in board.unattacked positions
board.place_queen(position)
solution « queens(board)
if solution

return solution

board. remove_gueen(position)

return False
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function greedy_knapsack(items, max_weight)

bag_weight ¢« ©

bag_items ¢« List.new

for each item 1in sort_by_value(items)

if max_weight = bag_weight + item.weight

bag_weight € bag_weight + item.weight
bag_items.append(item)

return bag_titems
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function merge_sort(list)
if list.length =
return list

left « Llist.first_half
right ¢« list.last_half
return merge(merge_sort(left),

merge_sort(right))
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function trade(prices)
if prices.length = 1
return ¢
former ¢ prices.first_half
latter ¢« prices.last_half
case3 ¢« max(latter) - min(former)
return max(trade(former), trade(latter), case3)
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function dfib(n)
if n not in M
M[n] « dfib(n-1) + dfib(n-2)
return M[n]
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function trade_dp(P)
B[1] « 1
sell_day « 1
best_profit « 0

for each n from 2 to P.length
if P[n] < P[B[n-1]]
Bln] € n
else
B[n] ¢ B[n-1]

profit « P[n] - P[B[n]]

if profit > best_profit
sell_day « n
best_profit « profit

return (sell_day, B[sell_day])
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function powdered_knapsack(items, max_weight)

bag_weight ¢ 0

bag_items ¢ List.new

items ¢« sort_by_value_weight_ratio(items)

for each 1 in items
weight e min(max_weight - bag_weight,

i.weight)

bag_weight ¢ bag_weight + weight
value « weight » i.value_weight_ratio
bagged_value ¢ bagged_value + value
bag_-items.append(item, weight)

return bag_ditems, bag_value

u:'.f."":".:" U.‘..»lf e g2 Lazs Ea}ﬁga Lm\HS T ﬁ-""x‘:b',’"«"""'a e AS GQ_JJ-L-M QJ; d.DL..pl.
el O eV S ULy miad S w edsilesl (WS 2T AL 1520 8 e S 2 g
ols L w2 gl YU de X, powdered_knapsack 45 Sl e Ol ol S

s o Al s

A 415 (Sdliun 30 v g 43S
0(2”) o B Solelone L ill 6:..‘.14_,5 Cdims 53 g 23w 02 5 Ly 45 wemd Fa
s powdered_knapsack Jsalasally ol s a5 3w oy s VL 4 = A el ol

ST e gt K G55 2 A Gl Al sty Ses w greedy_knapsack

Y'~_§ Olad

cad B T OJ9 & eI Cpd Ol edt W
Fre & 8 A
A ¥ 14 B
N Y ¥ C
" /A & ¥ D
/T ¥ b E
/o \ 4 F

55 s pensabeapslan B dn il s Relaxebion) gicasliduesbessamde Sy

.J}&UA aobitul L_gj\.ud\.::.@.: LFL'M



FaS pale palis g s | AY deis

nnﬂ LSO .l:;lb.é‘em [_g..J..‘._u\.';....: [_GL#Y"S ijl )JK.MJLSA U":'-'-L‘;
nun ® 10 3 isS dsmse Cobsb e 53 ad e DU ) sk

A3 o BLES L OT (g (gla VS

Jstws (83 s powdered_knapsack glal o ¥4 Jskes (63 e greedy_knapsack gl
313 3k b 4 FT e (Dol BYIFF 5T i S s 4T Sl | dme Ol ST e Stoml | EY /57
B NF 5 828 i WS = Ly b5 00 4 Ol o L Y ks ol S

e e OLAS L E‘;.:‘..;ql}f il al&ﬁﬁ)lﬁrjjﬁﬁhMﬁjjﬁd;)JA s

FTso 430 ,HEE W o Fs2 a8
e~ <[« A
DDA v B0 |F]

J}wq._:’_;l_}spd'b-:u:ﬂ.wl‘:‘f\ QT."..L-"J"'LGUL’ éﬁ);l—'dﬁ t.:..w.‘aq.:l) d.f.....nﬁj a3 L‘JT—'-'-L-'r }Y'L:J.::—

3l

§ Soalda glade |, S "{"355‘*))‘3[) Gy Zaie (gakiis o AL elal L Zd BY 3 FA s alp
® 10

Ts0 430 -
ga | o Y200 LS <[ .
eiofFE Pﬂﬂ

Fao L33 Fa La3

GO O |G,
DO v DO

Aad el s YL e e 5 el oS il (83550 e Do L abiee 5 sl gl e

:ﬁ%ul)lmﬁj@lmﬁgbgjj—w)ﬁ



AT dmios | EEl Y s

alele
T gl LNy T

W 10
EEE ws B/ 0|F|

Fas Lao Tao 433 ? % qu X a3

EH n EH W 10
O v O w- IEII!

Tar 30

b Vhde 5 PR cnl do GUI el paite galtes 15 s s s (St S5 0 0 Ul
a s e Doy AL PR LES Wb a5 ol e 3w S Sl gne Ol gl Dk 5 le an
o B gl ol el iy 3 Ko Glaerts Glaadiin 5 pla? (VL 51FA WS
Laazld -l q".élfLs'“ Lo ks a3 PR SL e 6 s Laalh e 53 [_;ji,.a 5 s 2 3 @a:}.&@
.‘.w_‘fh_b.i:..;j:;-L;ﬁ.—_..q.jll)
a0 Sludows SUF Blas- b 1) a3 aw das o e flal Lo ool 5 Wb (glads 5 SMBle (gestanul
3By b Dppen L 3pn Gamter GLEb pSes SVll p b CF Sonle sl S
tS oa Jee 5 s e 5 asls D8 OLS s aeis pla e oo
o5 e Wl g5 s s
O g U bt 3 8 0l s Ve T
S e W e 3 i) e ¥

oy sl a5 o T At 53 8 00 oS e F

R R T

5 B 1 80T W o) 2 5 wdl Fon ol 82,50 de 50 b e Ll w0 S0
S Lt st w5 4L 0 S e LB L) Al B 3 g U B ge el Cadas Wlga 487 G5
B a0l el o o b 6550 By s Sl bl alites 5 im0 La plas” o8

S



S3lS psle gl g ik | AP i

(S 5 Aol

(sloely Sl prmas 3540 il gl OT as (6 ool (shdh ey 3 Ssle altes >
Sl 33 i plad oy il 815 (o pmran LOT oy Jesle o sal SIS ol sl s (53 date
ST Sy ety gt

g 5955 el PSS lasisel ko 1y Pl plite O g ol 0 6550 o prks
23 Sl wbiie (slaalis 5 b agarlpe Jold CUS GJ|J§:¢J,5nguM.ﬂ,;L§|,1§,%
3303 Esanl s Solinloen 51,50 3 ot (215 b gy o giaals o 3 o3lizad (N>

oS e 51y S g S1S Gmrr gl S S S e 8 5 S e S s
Clar Tt 5 450 L ol e 6,80 45 uys 033 ped Ol on L OT ol 5 VU 2
A g8 B gy Jomols (Sanle (st o8 5 55 e astinad Lo S8 5t

Saly o isene aolal 3 Lledd b aests U SIS (ol piis & alagilad el
Shdes op fdseme U o1 ail ol S0 K8 5 2 enelS adiile s baests asOlejle

w235 el g 3 Laeslagssy el WG

&l
¢ Algorithm Design, 1st Edition, by Kleinberg
o Get it at https://code.energy/kleinberg
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function find_node(binary_tree, value)
node ¢ binary_tree.root_node
while node:
if node.value = value
return node
if value > node.value
node ¢ node.right
else
node ¢« node.left
return "NOT FOUND"Y
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function insert_node(binary_tree, new_node)
node ¢« binary_tree.root_node
while node:
last_node « node
if new_node.value > node.value
node ¢ node.right
else
node ¢ node.left
if new_node.value > last_node,value
last_node.right ¢« new_node
else
last_node.left « new_node
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function build_balanced (nodes)
if nodes is empty
return NULL
middle ¢ nodes.length/2
left € nodes.slice(@, middle - 1)
right ¢ nodes.slice(middle + 1, nodes.length)
balanced ¢« BinaryTree.new(root=nodes[middle])
balanced.left ¢« build_balanced(left)
balanced.right « build_balanced(right)
return balanced
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e Balancing a Binary Search Tree, by Stoimen
o See it at https://code.energy/stoimen
e (Cornell Lecture on Abstract Data Types and Data Structures,
o See it at https://code.energy/cornell -adt
¢ IITKGP nodes on Abstract Data Types
o See it at https://code.energy/iitkgp
e Search Tree Implementation by “Interactive Python”
o See it at https://code.energy/python-tree
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function insertion_sort(list)
for i ¢« 2 .. list.length
|| #eeq
while j and list[j=1]1 > list[j]

list.swap_items(j, j-1)
T e i -

@l kS Lt sl e Lo cd o gy 5 s oy S L p—"-i):ﬂ ol

s .lwl O(n) ¢ # Jinsertion_sort e oo Lol sl 51 oS sldai &5 lasasss
s oo plonil (Sl o (5 5 3 o s Sl (5 0 ol 5 S ol 2o

s s O ‘5La1,:..ﬂ),§ﬂ i e 4 355 claesls apgeme (gl p

Silecad o 5 (-1 J";p‘q)i‘subléﬁ' (Bl w0 1S (ol E_guﬁ),iu SRy

https://code.energy/algo-11sT s spm g 7ot o g5 255 Loyl );‘
Tabulating Machine Company *

Insertion Sort ’

Merge Sort |



V4 i | Ungn , SU0 ol

Sl e 3l e 3 Sas go g zma O(nlogn) g5 5 53 ya o5 iy e sl o @ g
W 23 S gty S s 6K 03,57
Ol & A3 g sty o3 e 7wy OT (22ls ST F G128 s BT
FTTA N P TICT PR o PRGN P
o5 3920 T a0 Sl 1y Syl as (s 3 S Sobs Sy pens Y
tin s e OF Corly o 53 Az S s &G 4 aome S glaclS X
L9500 OT G T 55 e D)1 a3 &G s g 3G oS sla S
S S e S a1 At s as e F
Q)lfm.au&fyjr.aqb Sl ) Tt (Sd3w3 3 g2es b Do (SdEw3 D
AT Zis At
3o e 6,5 3k sl s Sl ol L‘“flf ol 035 Jlis 5 Sl s & 85,8 S
b dal gt 55 285 e 31 Lk 55 Sy e IS ol ol e
eyl s Lo s (Gl d e Al fels oS Az Bl CETL agalpe gosle] el Jls
58 5 sl 35030 o8 el az3ls 3 4 ol i aleslil B 1y (g5lucd o (slapn ) S (sann

§zr —¥-0

FrerlS galiile g5 elr JB! JUs & 020 (Slsloe 3 salS Slbes #1951 S
e 025 S opFeste (Sl (ol pmtao (slagz 8 3y 5 e SIS 2l 2
U s e e oS L3 o8 s 6805 31 ot S o i plad il o 5 (S 90Rur
e T sy g0 i gl 5 S cwsp ) ol Shenly 8 S5 Iy

23 pele 8 sldain & gysba towl ssle (l O) 37 (il e oS ol Odeagd
(il a2ils ol Sl ot 0T )3 gates Jl 3 a5 (s pelie 5 Js ol gmiean clid
Sleals 53 gt wye oS ardn TP 5 e L s e gla 5 @ FLE sl

ol O(logn) Lais (29333 (5 aetna D )3 dii).a ol a3t

Quick Sort '
The Pivot '
Sequential Search ©



j_,._.,-':rj.t-l..:#'.d.-_;'_élr_.-| 19 g

BEEEEREEE

= = = =
- @l-(E] =
MWgﬂm”@.mw
& ) | |4 .
Lt S
= @@ &
N A @ | [@
7 ) G - [
F- | &2 @ | @
©] el (&

1|lz| 3| |s] 6] (7] (B)] ) o] i

@ 5 Jwc o Jf gl Bl K -0



Y i [ lan ) SUO i

L LT 53 gt ool o7 oo i 0k oms sl ediel T o T S LB 55 Lol S
& ; ; . i o s ‘
rlf,»;: J.a-."...:-.k..;[f u"«'-[ _r.“.h:a flau[O(lOgﬂ.) Oled 53 4 G‘SQSQ LSW )[ oaland 'Lu_ =
13048 p STy gactas (cldb Canal

function binary_search(items, key):

if not items

return NULL
i ¢ ditems.length / 2
if key = items[i]

return items[i]
if key > ditems[i]

sliced ¢« items.slice(i+l, items.length)
else

sliced « items.slice(@, i-1)
return binary_search(sliced, key)
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function DFS(start_node, key)
next_nodes ¢ Stack.new()
seen_nodes ¢ Set.new()

next_nodes.push(start_node)
seen_nodes.add(start_node)

while not next_nodes.empty
node ¢ next_nodes.pop()
if node.key = key:
return node
for n in node.connected_nodes
if not n in seen_nodes
next_nodes.push(n)
seen_nodes.add(n)
return NULL

function BFS(start_node, key)
next_nodes ¢ Queue.new()
seen_nodes ¢« Set.new()

next_nodes.enqueue(start_node)
seen_nodes.add(start_node)

while not next_nodes.empty
node ¢« next nodes.dequeue()
if node.key = key:
return node
for n 1in node.connected nodes
if not n in seen_nodes
next_nodes.enqueue(n)
seen_nodes.add(n)
return NULL
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odd_numbers ¢ filter(numbers, number_-qis_odd)
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squared_numbers ¢ map(numbers, square)
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squared_numbers = [x*x2 for x in numbers]
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function reduce(list, initial_val, func)
accumulator « dinitial_val
for item in list

accumulator ¢ func(accumulator, item)
return accumulator
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sum « function(a, b): a + b
summed_numbers € reduce(numbers, O, sum)
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wsum € function(a, b): a + length(split(b))
number_of_words « reducz(sentences, 0, wsum)
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sum « function(a, b): a + b
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sum_three « sum(3
print sum_three(l

St

prints "4",

special_sum ¢ sum(get number())
print special_sum(l) # prints "get_number() + 1",
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function power_generator(base)
function power(x)
return power(x, base)
return power
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square € power_generator(2)
print square(2) # prints 4.

cube « power_generator(3)
print cube(2) # prints 8.

S e B2is | base pan i cube j sguare goud ol £ o7 A8 bl sy e T

Nl aud nJJlJ;_ﬁ ('EL-"- ot J,_s”'l L w3l 3y poWer_generator e ;s Jari iz o)

3 D e 50 w8 S Al e S JENT by power_generaton o 3 e
ERTE I L S S

Ml ST s a8 ealind T ISy S50 Camedy g e 1y 01T e Wk )

S esaral 8" pl el (gl oS S dlome loals 0T 4 487 1) (golusl pln §gama 457l

GLOBAL_COUNT ¢ ©

function add(x)

GLOBAL_COUNT « GLOBAL_COUNT + x
return GLOBAL_COUNT
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function make_adder()
n & o
function adder(x)
n+&x +n
return n
return adder
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my_adder ¢ make_adder()
print my_adder(5) # prints 5.
print my_adder(2) # prints 7 (5 + 2).
print my_adder(3) # prints 10 (5 + 2 + 3).
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factorial(@): 1
factorial(n): n x factorial(n — 1)
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function factorial(n)
if n =
return 1
else
return n ®* tfactorial(n - 1)
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function trade_kadane(prices):
sell_day « 1
buy_day « 1
best_profit « ¢
for each s from 2 to prices.length
if prices[s] < prices[buy_day]
b « s
else
b « buy_day
profit « prices[s] - prices[b]
if profit > best_profit
sell_day « s
buy_day « b
best_profit ¢ profit
return (sell_day, buy_day)
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