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A SageMath programcsomag

William Stein 2005-ben kezdte fejleszteni a Sage matematikai
programcsomagot.

System for Arithmetic Geometry Experimentation

A fejlesztés soran a rendszerbe tobb népszerii nyilt forraskédu
matematikai programcsomag/konyvtar integralasra keriilt:

e eclib, Flint, mwrank, NTL, PARI

e Maxima, Pynac, Sympy

e Givaro, GMP, MPFI, MPFR

e PolyBoRi, SINGULAR

e GAP, LinBox, NetworkX, R

e Python, Cython



A SageMath programcsomag

SageMath a matematikan tdl: néhdny csomag biolégusoknak,
fizikusoknak, vegyészeknek.

benzene nonisomorphic fusenes and benzenoids
biopython computational molecular biology
brian simulator for spiking neural networks
buckygen nonisomorphic fullerenes
Jmol three-dimensional chemical structures




A SageMath arcai

Parancssor:

~ Terminal - IPython: home/{
File Edit Vi Terminal Tabs Help
[tengely@castor ~]$ sag

SageMath version 7.6, Release Date: 2017-03-25
Type "notebook()" for the browser-based notebook interface.
Type "help()" for help.

Ellipsis

EllipticCurve
EllipticCurve_from_c4cé
EllipticCurve_from_cubic

EllipticCurve from_j
EllipticCurve_from_plane_curve
EllipticCurveIlsogeny

EllipticCurves with good reduction outside S




A SageMath arcai

Sage-notebook:

Fie o aon. [0 <[ ¥ Typeset | Load 3D Live " Use java for 3D i | worksheet | €t ] vaxt | Rovisions | stare | puian
o5

P.ox,yo-0011

C=Curve(2*x*(y*2-1) -5*y*(x"2-1))

5))

73),(-1/2,4),(-1/2,-1/4) ], pointsize=40, color="green' )
65,4))

,\m(m( 1)s'.(2,0.05

t=text(r -\rrac(1. )(Z),—\rmc{l)(A)ls‘,( 1.45,-0.25))

et (A \Tract G5 1

kep=pCippointitlet2st3st

kep. show( fontsize=6, dpi=120)

=24




A SageMath arcai

SageMathCloud:

& ries I 1o

QFind  / setings

© Create new files in home directory of project
+ Create a new file or directory Name your file, folder or paste in a link

Select the type

age Worksheet

D pyer Noteoook.

Wi [« ol
B LaTeX Document | - Terminal | S Task L

& Downioad from Intenet.

= Manage a Course

coess botked — see rofct setings)

& Upload files from your computer

Drag and drop files (Gurrently, each file must be under 30MB; for bigger files, use SSH as explained in project

settings.)

-
'Drop ﬁles to upload

(or click)



A SageMath arcai

SageMathCloud:

(> o | | on ow o 7 5 clal=|E Al 8

Ot~ | # | Daa- | Cowol- | Pogame | @ | Phice | Camuus- | Linsar- | Gragha- | NumberTheory« | Fingee

=0
10 range
x = (6-(1)

(22007028051
({2107 (221

[0l
Len
[T for 1 in range(r.

[l
shel(

=True)




A SageMath arcai

Jupyter-notebook:

f'Jupyter Jupyter Last Checkpoint: 9 minutes ago (unsaved changes) %1 Logout
File  Edit  View Inset  Cell  Kemel  Help Trusted SageMath 7.6 O
B+ @ B 4 ¥ M B C coe - =

In [7]: E=EllipticCurve([-25,0])
E.plot!

out[7]




A SageMath arcai

Animalt abrak:

(i
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A SageMath arcai

Interaktiv applikacié:

Adott 3 x 3-as matrix n-edik hatvanyanak meghatarozasa

Az A métrix
1 2 1
Az A matrix: 6 -1 0
-1 -2 -1

Az A matrix sajatértékei: 3, —4 és 0

sajatérték: 3, hozza tartozé sajatvektor: (1, 2, —
sajatérték: —4, hozzad tartozé sajatvektor: (
sajatérték: 0, hozzé tartozé sajatvektor: (1,6, —13

1 1
A sajatvektorokbol 4116 P matrix: % -2 6
-1 -1 -13
2z 4
21 7 T
; X 9 2 3
Pinverze: | & -2 -
1 1
= 0 %
3 00
Ekkor a P AP matrix diagondlis: | 0 —4 0
0 00
Innen A" zart alakja kénnyen meghatérozhaté: A" = PD"P-!
B3 2 ()" .
Y x
- ; ) 8 9
Az A matrix n-edik hatvanya: 33— (="
6 gn_ 9 n
— 3 g (-4




SageMath-szupersza

https://cloud.sagemath.com/policies/pricing.html

@m0 Small course plan = Medium course plan
25 upgrades 70 upgrades
50 upgrades 140 upgrades

$ 1 99 /4 months $ 399 /4 months

$ 499 / year $ 999;’year

= Large course plan

250 upgrades
500 upgrades

$ 999 /4 months
$ 2499 /year
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SageMath-szuperszamitégép-oktatas?

SagevinClose

Oew Dioy Qrind

Co- | > | on | oo =(6[x]as/n]e ]

Modes ~ | @Help~ | # | Daia~ | Convol~ | Program« | 2 | Plis~ | Gakuus~ | Linear~ | Graohs~ | Number Theory = | Fings~

"
22 7 potinon:

2 X°(pi) s 1 polinosok egyitthatoibol kipzett mitrix
07 mod T és g mod T palinonok eqyitthatoinak Gsszehasonlitdssbil adodo matrix

2 watrix magjénak eoy bazisa;

9 polinon, anclyre g°p=g mod f:
X x
ekintik a g+k alaki polinonokat
k= 1 esetében nem trividlis oszto
X X41
ke 9 esetében nen trividlis oszts
X+10
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SageMath-szuperszamitégép-oktatas?

Onev Dy Q -
conta (1) 2 hesigmer o 2017-02-07-232641
° a
~ Gyakortat Beriokamp — Dokt
Gyakorlat-Berlekamp.
& ot Handou
Studont . Disrbut to Student
Tt g & open

Pivate Handout Nats o
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SageMath-szuperszamitégép-oktatas?

e vew iy
i Sagetandost

7olca =8 A& romvars | mverse
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elutrs] (inputenc
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)
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o1 rekursiy soronats s 1clig 2413 s gar=to (11 3 025
s'et 2art alakban sajsterték-saja s

begingerercise
Mazusak Citkosicas,

i o privht ikgs: 413,4.0.1.351
=ogs nytiines km,m & KodoLiuk 2z

\skip spt

begin{exerci
ir-Téle Uzungnsuas Swathbb(2) (43)5-ban. A titokrészlasshs
Mm cwarro

s n snun »
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\skip spt

PO Buis

@suapoen

Algebrai Algoritmusok 2017 - 1.ZH

2017, dprils 24,

Feladat 1 Adott oz, rekurstosonozat: 1, = 1.0
Adjk meg et it lakban sjdtért-sajdtuor mdszerre.

Feadat 2 it st sha o privt b, 100,171 =
1= 2. Hutirosuk ey  nyvinos kot é Kol o [1,0,11,1 iy
kit o oo e

Feladat 3 Sharir file Stokmegostis Zas-lan. A tokrésaetck

Ny ttokvéclet clég o itk vissaallddsahos. Lineris algebrai midserrel
hatdsozsuk mey a kol

Felndat 4

Pla) = 4500 4 165

17 elems tet feeti olinom esetében,
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SageMath-szuperszamitégép-oktatas?

Student
et gato

Privte Assigoment Noes

‘Sunday,Apr 23

1. Assign to Student

©open

-
2017-02-07-232641
a

8 Dekte

O Peer Gradig

Bo
2. olect from Student 3. Grade. 4. Return to Student
& Open Enter grade & 0pen
Grade:s 2 nonhs ago

2n
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Jupyter-notebook nbgrader

http://nbgrader.readthedocs.io/

Part A (2 points)

Write a function that returns a list of numbers, such that x; = i2, for 1 < i < n. Make sure it handles the case where n < 1 by raising a ValueError.

squares l Autograded answer R

def squares(n):

Compute the squares of numbers from 1 to n, such that the
ith element of the returned list equals i“2.

### BEGIN SOLUTION
ifn < 1:
raise ValueError("n must be greater than or equal to 1")
return [i ** 2 for i in range(l, n + 1)]
### END SOLUTION
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Jupyterhub

https://jupyterhub.readthedocs.io

= Jupyter

16



Jupyterhub

https://jupyterhub.readthedocs.io
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JupyterLab

https://jupyterlab-tutorial.readthedocs.io/

Jupyeeriab Alpha

T—
R G
e
]
H

~ Jupyterlab

super apha preview
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JupyterLab

JupyterLab hasznalatban:

Fie Machne View Iyt Devies e

e
— e et aoeo
. e it
2| © oscuments
o
1] o »
HER O )
O sp slack')
2| o vioes
| Err——
e
§ | Bewam 2 years g0
3| e o ttexturet s i, color=( loat(i/m,9,00)

S
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Parhuzamos szamitasok SageMathban

Fizikai korlatok:

e Budapest 2 x 12 = 24 mag
Budapest2 2 x 10 = 20 mag
Szeged 4 x 12 = 48 mag

Debrecen 2 x 6 = 12 mag
Pécs 192 x 6 = 1152 mag
Miskolc 44 x 8 = 352 mag

SageMathban maximum ennyi magot tudunk haszndlni az adott
kornyezetben.

sage.parallel.ncpus.ncpus()
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Parhuzamos szamitasok SageMathban

O@parallel

def f(n): return n~2

time sorted(list(£f([1..20])))
[CCL,), {3, ),

ey, 4, o,

(), {H, 9,

(4,), {H, 16),

(5,), {3, 25),

(«e,), {3, 36),

(7,0, {H, 49,

(@®,), {1, 64),

9,), {H, 81),

(((10,), {», 100)]

Time: CPU 0.04 s, Wall: 0.04 s
time print [k"2 for k in [1..10]]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]
Time: CPU 0.00 s, Wall: 0.00 s
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Parhuzamos szamitasok SageMathban

@parallel(ncpus=3, timeout=1)

def fac(n): return factor(2°n-1)

for X, Y in sorted(list(fac([200..205]))): print((X,Y))

(((200,), {}), 3 * 573 x 11 * 17 * 31 x 41 * 101 * 251 * 401 * 601
1801 * 4051 * 8101 * 61681 * 268501 * 340801 * 2787601 * 317338960
(((201,), {}), 7 * 1609 * 22111 * 193707721 * 761838257287 *
87449423397425857942678833145441)

(((202,), {}), ’NO DATA (timed out)’)

(((203,), {}), 127 * 233 * 1103 * 2089 * 136417 * 121793911 *
11348055580883272011090856053175361113)

(((204,), {}), 372 * 5 * 7 x 13 * 103 * 137 * 307 * 409 * 953 * 21
2857 * 3061 * 6529 * 11119 x 13669 * 26317 * 43691 * 131071 *
1326700741)

(((205,), {}), 31 * 13367 * 2940521 * 164511353 * 70171342151 =*
3655725065508797181674078959681)
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Parhuzamos szamitasok SageMathban

from sage.parallel.multiprocessing_sage import pyprocessing
p_iter = pyprocessing(4)

P = parallel(p_iter=p_iter)
def f(x): return x*x

v = 1list(P(f) (range(10))); v
[CCC0,), {3, 0,

(), {H, 1,

(30, {H, 9,

ez, H, 9,

((5,), {H, 28),

((4,), {H, 16),

(7,0, {1, 49,

(8,2, {1, 64),

(€(9,), {H, 81),

(((6,), {1, 36)1]
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Parhuzamos szamitasok SageMathban

from sage.parallel.multiprocessing_sage import pyprocessing
p_iter = pyprocessing(6)

P = parallel(p_iter=p_iter)
def f(x): return x*x

v = 1list(P(f) (range(10))); v
[CCC0,), {3, 0,

(), {H, 1,

2y, H, v,

(30, H, 9,

(6,), {1, 36),

((4,), {H, 16),

(7,0, {1, 49,

(9,0, {H, 8L,

(((8,), {1, 64),

(5,0, {H, 25)]

24



Parhuzamos szamitasok SageMathban

from sage.parallel.map_reduce import RESetMPExample

S = RESetMPExample (max1=7)

S.run()

5040*x77 + 720*x"6 + 120*x75 + 24%x74 + 6%x73 + 2%x72 + x + 1

S.print_communication_statistics()

#proc: 0 1 2 3 4 5 6 7
reqs sent: 7 12 33 2 19 5 22 19
reqs rcvs: 10 14 18 18 19 12 10 12
- thefs: 8 0 0 0 0 0 0

+ thefs: 0 1 1 1 2 1 1 1
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SageGPU

PyCUDA integrélaséan is dolgoznak.

SageGPU: Web interface to CUDA development and GPU cloud computing

Igor Rychkov and Paul Brouwers,
e [ERTE @ ros (B R

University of Canterbury, New Zealand, http://dev.math.canterbury.ac.nz/

1. Purpose and benefits Ao

3. Workflow of working with 11 in one web document

26




Petho probléma

Maciej Ulas lengyel matematikussal kozosen nyert eredmény.
Theorem

There are infinitely many quartic algebraic integers defined by
a* + aa® + ba? + ca + d = 0 for which
4ot «

B=————

at*—1 a-—-1

is a quadratic algebraic number. Moreover, there are infinitely many
quartic algebraic numbers « such that 3 is real quadratic.

Grobner bazis szamitasok:
e —3dpa’ + 5dpa + 3dpb — 6dp — dqa’ + 2dqa + dgb — 3dq — 9da’ + 12da + 9db — 10d + g,
o - 3dpa — 5dp + dga — 2dq + 9da — 12d — 3pa’c + 5pac + 3pbc — 6pc + p — qa’c + 2qac +
tgbc — 3qc + 2q — 9ac + 12ac + 9bc — 10c,
e —3dp — dg — 9d — 3pa®b + 5pab + 3pac + 3pb% — 6pb — 5pc + 3p — qa2b + 2qab + gac +
+qb® — 3gb — 2qc + 3q — 9a%b + 12ab + 9ac + 9b° — 10b — 12¢ + 1,
ey 73}793 + 5pa2 + 6pab — 6pa — 5pb — 3pc + 6p — qa3 + 2qa2 + 2gab — 3gqa — 2gb — qc + 4q —

—0a% + 1222 + 18ab — 102 — 12b — 9c + 4. .



Petho probléma

Megfeleléen megvalasztott rezultans szamitdssal:

(2;3> (a—2b+c)-

-(233a* — 352a°b + 108a%c + 168a° + 368a*b* — 264a°bc —
—624a%b 4 46a°c? — 184a°c — 544a° — 160ab’ + 128ab’c +
352ab® — 16abc? + 64abc + 128ab — 4ac® — 8ac? + 768ac +
+640a + 48b* — 64b>c — 256b° + 32b%c? + 288b°c + 384b% —
—8bc® — 144bc® — 512bc + ¢* + 24¢> + 962 — 640c — 256).
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Petho probléma

Két végtelen csaldd:

a = 2,

b = 2t2+42,

c = 4t —4t+2,

d = 6t°—4t+1,
6P —6t+1

p - t2*t )

1863 —18t2 +7t—1
g =

2(t3 —t?)

T o

(9]

2t,

2+ 2t 4 2,

2t% + 2t,

3t2 — 2t + 1,
2(3t2—5t+4)

P2 —2t+2

93 — 1212 +7t—2

t3—-2t242¢t

)
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Petho probléma

Racionélis parametrizacié a komplikalt faktor esetében:

bn; (t)

bd;(t)

o v s WwN R~ o

663552 t7 — 2211840 £3 + 2764800 t2 — 1536000 £ + 320000
—331776 t4 + 1050624 £3 — 1244160 ¢2 + 652800 t — 128000
—41472 3 4 105084 t2 — 90240 t + 25600

38016 t3 — 89280 t2 + 69696 t — 18080

12960 t4 — 47520 ¢3 + 62028 t2 — 36240 t + 7748

—3888 t4 1 11664 3 — 13248 t2 + 6792t — 1332

324 ¢% — 864 3 + 900 ¢2 — 432t + 81

331776 t7 — 1105920 3 + 1382400 t2 — 768000 t + 160000
—331776 t4 + 1050624 £3 — 1244160 ¢2 + 652800 t — 128000
124416 t4 — 373248 £3 + 419328 £2 — 209280 ¢ -+ 39200
—20736 t* + 58752 t3 — 62784 t2 + 30048 t — 5440

1206 t4 — 3456 3 + 3528 t2 — 1632 ¢ + 288

0

0
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Petho probléma

[ ] em(® [ cd;(t)
o] o 165888 t7 — 552960 3 + 691200 t2 — 384000 ¢ + 80000
1 | 165888 t* — 552060 t3 4 691200 t2 — 384000 t + 80000 —165888 t* + 525312 £3 — 622080 2 + 326400 t — 64000
2 | —82044 % 4 235008 £3 — 241920 +2 + 105600 t — 16000 | 62208 t4 — 186624 £3 + 200664 t2 — 104640 ¢ -+ 19600
3 | —20736 t* + 86400 ¢3 — 126720 ¢2 + 79296 ¢ — 18080 —10368 t4 + 20376 t3 — 31392 ¢2 4 15024 ¢ — 2720
4 | 20736 t* — 66528 t3 + 79920 t2 — 42744 t + 8620 648 t4 — 1728 3 + 1764 t2 — 816t + 144
5 | —4536t% 4 13176 £3 — 14580 ¢2 4 7308 t — 1404 0
6 | 324t — 8643 49002 — 432¢ + 81 0
L[ @ [ di()
0 [ 331776 £¥ — 1105920 £ + 1382400 2 — 768000 t + 160000 331776 t% — 1105920 ¢3 + 1382400 t2 — 768000 t + 160000
1| —663552 t4 + 2211840 t3 — 2764800 t2 + 1536000 t — 320000 | —331776 t* + 1050624 t3 — 1244160 2 + 652800 ¢ — 128000
2 | 705024 £% — 2350080 ¢3 + 2939904 t2 — 1635840 t + 341600 124416 t4 — 373248 £3 + 419328 ¢2 — 209280 ¢ -+ 39200
3 | —303984 t4 + 1271808 t3 — 1540224 t2 + 820536 t — 167680 —20736 t4 + 58752 t3 — 62784 t2 + 30048 t — 5440
4 | 115344 ¢% — 353376 £3 + 407880 t2 — 210624 ¢ + 41148 1296 t4 — 3456 3 + 3528 t2 — 1632 ¢ + 288
5 | —16848 t% + 48384 £3 — 52902 ¢2 + 26304 t — 5004 0
6 | o72¢* — 2502 ¢3 42700 £2 — 1206 t + 243 0
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