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e (2%pi) + 2/3

e +}

HWATEAIC: (shift-enter)

PATHRICIFHrgE BoT: (alt-enter)

I EBATE: (control-;)

A BAI0: (control-backspace)

AR FIT: S oTE L
JEASCA/HTML BAJC: shift- 5 o 5G] 5 26
MR BAoC: MHBR N2 5B 4% (backspace)

R
ab=axb ¢ =a/b a*=ab x=sqrt(x)
Yr=x"(1/n) |z|=abs(x) logy(z) = log(x,b)

F: Zf(z) = sum(f(i) for i in (k..n))
i=k

Bl T] f(i) = prod(£ (i) for i in (k..n))
i=k

wmAAT

com(tab) HINFE command

*bar*? T FTAEE “bar” W4
command? (tab) Y730y
command??{tab) FRIFANG

a.(tab) B/RX%a HE (3 dir(a))
a._(tab) BTS2 MR

(i &S
HWHC m=pi
¢ = golden_ratio + = euler_gamma

7 YUUH: pi.n(digits=18) = 3.14159265358979324
FR%(: sin cos tan sec csc cot sinh cosh tanh
sech csch coth log 1n exp ...

Python pR%{(: def f(x): return x~2

e=e =1 00=o00

2 H S

i @interact FUTERKEZLH] (vars determine controls)
Q@interact

def f(n=[0..4], s=(1..5), c=Color("red")):

var("x") ;show(plot(sin(n+x~s),-pi,pi,color=c))

line([(x1,y1),-- -, (@n,yn)]1, options)
polygon([(x1,y1),..., (Xn,yn)], options)
circle((x,y) ,r, options)

text ("txt", (x,y) , options)

options 5 plot.options fVEAHE], fl thickness=pizel,
hue=h HHF 0<rbg,h<1
show (graphic, options)

{#i [ figsize=[w,h] JHHEE K/

{#i [l aspect_ratio=number JFEEI\fk

plot (£ (), (X, Tmin, Tmax) » OPLIONS)

rgbcolor=(r,g,b),

parametric_plot ((£(£),g(t)), (¢, tmin, tmax) > OPtIONS)
polar_plot (£(t), (t, tmin, tmax) > OPtIONS)

2545 circle((1,1),1)+1ine([(0,0),(2,2)1)
animate (list of graphics, options) .show(delay=20)

search_doc ("string or regexp") A4 IR
search_src("string or regexp")  {HRIFEHL

_ BT

B

B Z=2Z -2 -1 0 1 107100

HPE: Q=10Q fl 1/2 1/1000 314/100 -2/1
¥ R~RR fil .6 0.001 3.14 1.23e10000
¥ C~cc fil cc(1,1) cc(2.5,-3)

WS E: RDF 5 CDF {4 CDF(2.1,3)

B n FlRIE: Z/nZ = Zmod il Mod(2,3)  Zmod(3) (2)
Hs: F, = GF il GF(3)(2)  GF(9,"a").0

2 Rlz,y] Bl S.<x,y>=QQ[]  x+2xy~3

WIEC R([t]] B s.<e>=QQL[1] 1/2+2%t+0(£"2)

p WL Z, ~Zp, Q, ~Qp il 2+3%5+0(5°2)

RECAE: Q = QQbar fl QQbar (2~ (1/5))

X[a]&A: RIF i sage: RIF((1,1.00001))

B R.<x>=QQ[];K.<a>=NumberField(x~3+x+1)

o

FE ST 5800 var ("t u v y 2")
2w Bl f(z) = 2? f(x)=x"2
RFRRX: f==g f<=g f>=g f<g f>g

KR f=g solve(f(x)==g(x), x)
solve([f(x,y)==0, g(x,y)==01, x,y)
factor(...) expand(...) (...).simplify_...

find_root(£f(x), a, b) Tk x € [a,b] s.t. f(x)=0

BBy
lim f(z) = limit (£ (x), x=a)

r—a

L (f(z)) = diff (£ (x),x)

%(f(x, y)) = diff (£(x,y),x)

diff = differentiate = derivative

J f(z)dz = integral (f(x),x)

f; f(z)dz = integral (f (x),x,a,b)

f; f(z)dz ~ numerical_integral(f(x),a,b)

a ) n K Taylor ZW = taylor (f(x),x,a,n)

3D fi:kd
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1ine3d([(x1,Y1,21) 5+ -5 (T sYn,»2n) ], options)
sphere ((x,y,2) ,r, options)
text3d("txt", (z,y,z), options)
tetrahedron((x,y,2),size, options)
cube((z,y,2) ,size, options)
octahedron((x,y,2) ,size, options)
dodecahedron((zx,y,2) ,stze, options)
icosahedron((x,y,z2),size, options)
plot3d(£f(z,y),(z,xn,Ze)s (Y, Yb,Ye) s ODtions)
parametric_plot3d((f,g,h),(,ty,t.), options)
parametric_plot3d ((f (u,v),g(u,v) ,h(u,v)),
(U, U, Ue) , (V, Vb, Vo) , OPLiONS)
options: aspect_ratio=[1,1,1], color="red"
opacity=0.5, figsize=6, viewer="tachyon"



IR

|z| = floor(x) [z]| = ceil(x)

n [&PA k BIREL = n%k  kn if n%k==0

n! = factorial(n) (:fl) = binomial (x,m)

¢(n) = euler_phi(n)

FAFE: il s = "Hello" = "He"+'llo'

s[0]="H" s[-1]="o" s[1:3]="el" s[3:]="1o"
FF: Bl [1,"Hello",x] = [J+[1,"Hello"]+[x]

JCAH: B3] (1,"Hello",x) (immutable)

£ 6 {1,2,1,a} = Set([1,2,1,"a"]) (={1,2,a})
) FMET I ~ fIREFRRES (set builder notation), fi
{f(z) 1z € X,z >0} =Set([£(x) for x in X if x>0])

Crystals: CrystalOfTableaux(["A",3], shape=[3,2])
Lattice Polytopes: A=random_matrix(ZZ,3,6,x=7)

L=LatticePolytope(A) L.npoints()  L.plot3d()

Felig

K: G = Graph({0:[1,2,3], 2:[4]1})

A |a]|&: DiGraph (dictionary)

K ji: graphs. (tab)

AA5H: G.chromatic_polynomial(), G.is_planar()
#4%: G.shortest_path()

Ak: G.plot (), G.plot3d()

H [F#4: G.automorphism_group(),
Gl.is_isomorphic(G2), G1.is_subgraph(G2)

JEFEACEL
(;) = vector([1,2])

(; i) = matrix(QQ, [[1,2],[3,4]], sparse=False)

(i g 2) =matrix(QQ,2,3,[1,2,3, 4,5,6])
‘1 2
3 4
Av=A*v A"!'=A"-1 A’ = A.transpose()
WK Az =v: A\v B A.solve_right(v)
KR xA =v: A.solve_left(v)

2940 TR AR AL A.echelon_form()

FRH5EEF: A.rank() A.nullity ()
Hessenberg #l: A.hessenberg_form()

FREL Wiz A.charpoly ()

RF{H: A.eigenvalues()

HEEm&E: A.eigenvectors_right () (also left)
Gram-Schmidt 1F324: A.gram_schmidt ()

[ Ak: A.plot )

LLL #jfk: matrix(ZZ,...) .LLLQO)

Hermite #4: matrix(ZZ,...) .hermite_form()

’ = det(matrix(QQ, [[1,2],[3,4]11))

Bk
f]: import numpy, scipy, cvxopt
#/Mb: var("x y z")
minimize (x"2+x*y~3+(1-z)"2-1, [1,1,1])

Big

ZH: prime_range(n,m), is_prime, next_prime
A fif: factor(n), gsieve(n), ecm.factor(n)
Kronecker 55 (%) = kronecker_symbol(a,b)
#4540 continued_fraction(x)

Bernoulli §{: bernoulli(n), bernoulli_mod_p(p)
IR H £ EllipticCurve([a1,az,as,aq,al)
Dirichlet 4%{F: DirichletGroup(N)

I ModularForms (level, weight)

Modular symbols: ModularSymbols (level, weight, sign)
Brandt %: BrandtModule (level, weight)

Modular abelian #%: JO(N), J1(N)

5. sloane_find(list), sloane. (tab)
7+ ¥l: P=Partitions(n) P.count()

H4A: C=Combinations(list) C.list()

i K/RFH: CartesianProduct (P,C)
Tableau: Tableau([[1,2,3],[4,5]1])

“F: W=Words("abc"); W("aabca")

{75 Poset([[1,2],[4],(3],[4],01])
MR Z: RootSystem(["A",3])

ZRPEIREL

—

mEZsH K" = K'n fij QQ°3 RR™2  CC™4
f%3[8]: span(vectors, field )

i, span([[1,2,3], [2,3,511, QQ)

#%: A.right_kernel() (also left)

5% V+ W and V.intersection(W)

5 V.basis (O

FHEME: V.basis_matrix()

HE PR I FE 723 [0]: A.restrict (V)

A ETEE N IARFR: V. coordinates (vector)

fEik

G = PermutationGroup([[(1,2,3),(4,5)],[(3,4)1]1)
SymmetricGroup(n), AlternatingGroup(n)

A AbelianGroup([3,15])

[ GL, SL, Sp, SU, GU, SO0, GO

PR#: G.sylow_subgroup(p), G.character_table(),
G.normal_subgroups(), G.cayley_graph()

EA N
PUJc#: Q.<i,j,k> = QuaternionAlgebra(a,b)
HiA % R.<a,b,c> = FreeAlgebra(QQ, 3)

Python il
import module name

module_name. (tab) %5 help(module_name)

g TESYIFNRY
time command:  ERHFEEE
timeit ("command"): FHf I ]

t = cputime(); cputime(t): CPU izfTI[H
t = walltime(); walltime(t): ZRGiHtH|

Ypdb: FEEALH IR ((NEEMAAT)
%prun command: Jt ¥ % ((LAEMA1T)



