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Glossary of mathematical symbols

A mathematical symbol is a figure or a combination of figures that is used to represent a mathematical object,
an action on mathematical objects, a relation between mathematical objects, or for structuring the other
symbols that occur in a formula. As formulas are entirely constituted with symbols of various types, many
symbols are needed for expressing all mathematics.

The most basic symbols are the decimal digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9), and the letters of the Latin alphabet.
The decimal digits are used for representing numbers through the Hindu—Arabic numeral system. Historically,
upper-case letters were used for representing points in geometry, and lower-case letters were used for variables
and constants. Letters are used for representing many other sort of mathematical objects. As the number of
these sorts has dramatically increased in modern mathematics, the Greek alphabet and some Hebrew letters are
also used. In mathematical formulas, the standard typeface is italic type for Latin letters and lower-case Greek
letters, and upright type for upper case Greek letters. For having more symbols, other typefaces are also used,
mainly boldface a, A, b, B, ..., script typeface A, B, ... (the lower-case script face is rarely used because of
the possible confusion with the standard face), German fraktur a,%2,b,*B,..., and blackboard bold
N, Z,Q,R,C,H,F, (the other letters are rarely used in this face, or their use is unconventional).

The use of Latin and Greek letters as symbols for denoting mathematical objects is not described in this article.
For such uses, see Variable (mathematics) and List of mathematical constants. However, some symbols that are
described here have the same shape as the letter from which they are derived, such as J] and ).

Letters are not sufficient for the needs of mathematicians, and many other symbols are used. Some take their

origin in punctuation marks and diacritics traditionally used in typography. Other, such as + and =, have been
specially designed for mathematics, often by deforming some letters, as in the cases of € and V.
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Normally, entries of a glossary are structured by topics and sorted alphabetically. This is not possible here, as
there is no natural order on symbols, and many symbols are used in different parts of mathematics with
different meanings, often completely unrelated. Therefore some arbitrary choices had to be made, which are
summarized below.

The article is split into sections that are sorted by an increasing level of technicality. That is, the first sections
contain the symbols that are encountered in most mathematical texts, and that are supposed to be known even
by beginners. On the other hand, the last sections contain symbols that are specific to some area of
mathematics and are ignored outside these areas. However, the long section on brackets has been placed near
to the end, although most of its entries are elementary: this makes it easier to search for a symbol entry by
scrolling.

Most symbols have multiple meanings that are generally distinguished either by the area of mathematics where
they are used or by their M QD)that is, by their position inside a formula and the nature of the other parts of
the formula that are close to them.

As readers may be not aware of the area of mathematics to which is related the symbol that they are looking
for, the different meanings of a symbol are grouped in the section corresponding to their most common
meaning.

When the meaning depends on the syntax, a symbol may have different entries depending on the syntax. For
summarizing the syntax in the entry name, the symbol [] is used for representing the neighboring parts of a
formula that contains the symbol. See § Brackets for examples of use.

Most symbols have two printed versions. They can be displayed as Unicode characters, or in LaTeX format.
With the Unicode version, using search engines and copy-pasting are easier. On the other hand, the LaTeX
rendering is often much better (more aesthetic), and is generally considered a standard in mathematics.
Therefore, in this article, the Unicode version of the symbols is used (when possible) for labelling their entry,
and the LaTeX version is used in their description. So, for finding how to type a symbol in LaTeX, it suffices
to look at the source of the article.

For most symbols, the entry name is the corresponding Unicode symbol. So, for searching the entry of a
symbol, it suffices to type or copy the Unicode symbol into the search textbox. Similarly, when possible, the
entry name of a symbol is also an anchor, which allows linking easily from another Wikipedia article. When an
entry name contains special characters such as [, ], and |, there is also an anchor, but one has to look at the
article source to know it.

Finally, when there is an article on the symbol itself (not its mathematical meaning), it is linked to in the entry
name.
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Arithmetic operators
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' HQRWV DGGMRQ DQG LV UHDG DV SOV [RUH DP S®I3 + 2
6 RP HIP HV XV I6IQVMIGRILI IRUD QY RIDAXQRQR! V MW

' HQRWV V EWDF MRQDQG LV UHDG DV P LQXV IRUH DP S®13 — 2
' HQRWV \WH DGAMY HQY K/ HDQG LY WHDG DV QHI DY HRUKH RSSRV\M Rl IRUH DP S®I—2
$@ RV IBIQSOF HR\ IRUGHQRIQ \WHV MIKHRUAF F R SOP HOW H 210 6 HAKHRY

QHBP HQDY DUWP HIF GHQRMV P XABIF MRQ DQG LY UHDG DV HV IRUH DP S®I3 X 2

QJHRP HW DQG GHDUDOHEWD GHQRWV \WH F BV \BURGXF W
OV MKHRY DQGF BMIRY WHRY  GHQRMV \KH & DUV DQ SURGXF \BOG \WH G \BURGXF W
6 HH D& R-Qh 6 HWKHRU

' HQRWV P XEAIBIE BRQ DQG LY BHDG DV HV IR DP SBI3 P

QJIHRP HW DQG @HDUDOHEWD GHQRMV \KH GRVBURGXF W
3 @F MRTGHUXV 16 IRUHSOF Q) DQLQGHRMP LODW HBP HQA) RUH DP S®I  \KH DEV RAM

Y DH LY GHQRWG - | IV F IBDHURDQV DIQJ WDV GHQRWMG D |

" HQRWMV HAKHUD SOV V IQRUD P LKV V 1Q
" HQRMV\KH UDQIH R Y XHV \KDVD P HDV XHG TXDQIMVP D\ KDY HIRUH DP S®1 10 + 2
GHQRMVD XQN 6Z QY DH\WDVIHV EREZHHQ  DQG

8V IBSDIWHGZ I\ GHORMVWHRSSRVWW VIQ WDWV + U+ W~ DQG- Ut WA

- 1GHO XV 16 IRUGHQRIQY QY VRQLO DQIBSKRGH F RQNHY MY QR BQIHUQF R P RQXV HQ
P DIKHP DI¥ \DQGIW XV HY CRAF R P HQGHG > @QV R HF RQUHV W EDIQGF [N
V WD RO

" HQRWMV \KH UR R \& R TXDQMAV
QV RHF RQUHV P D\ GHQRMAY LRQ
,QV MEXIGHUQRIIIRY WV XV 16DV DV ISDUDRUP HDQQ) V X KKDW V H{0 : O}

' HQRMV QY Y RQDQG LY DG DV AY GHGE\ RURY K2 \WWQUHSOF I6E\ D KR RQBCEDU) RU
HDPSGI3 /2 RU:%

" HQRWMV D TXRIHQAY WXF YW ) RUH DP SG TXRWHQA MTXRIHOAIURXS TXRIHQWF TMIRY
HW

,QQXP EHUWKHRY DQGIIHG\WHRY F/E GHQRMV D IIHGH \WQVRQ ZKHWH) 1V DQH \WQV IRC
ILHGS R \KH ILHS (

,QSUREDEIQIV\WHRY  GHQRWV D F RGMRQDCSUREDELDY ) RUH DP S®I P(A/B) GHQRRV \KH
SUREDEIOWR $ JLY IQ\WDVW/ORF FO $& FEHQRNGP(A | B) V H |

" HQRMV V KDUH LRRWDQG LV UHDG DV \WH V KDUH IRRVRE 5 DUHO XV 16 1Q P RGHQ P DKHP DY V

\%m@mmmmw \KHZ IGK R W DU XP HQMW H\WHQH VBRP ) RUH[ DP S®
2

" HQRWMV V KDUH URRWDQG LV BHDG DV \WH V KDUH IRRVR ) RUH DP S®14/3 4 2
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: L\ DQLQMI HW BHDIWUKDQ DV D GIW SHY ASWGHQRMY DQ QK URRW) RUH DP S®1 /3

( [ SRCHQIDIRQLY QRUP DD GHQRWGZ MW DV SHY ASWA RZ HY ki 1V RIWQ GHQRMG [ \
Z KHQV SHY ASW DUH QRWDV @ DY DDEG! V ¥ KDVIQSWRIWDP P 1Q) QI XDIHV LQF REQ)

/ D’TH  RUSOIQWM WP DY
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Equality, equivalence and similarity

Q

1%

' HQRMV HTXDQW
8V IBIRUCDP LQJ D P DXHP DI DREMF MDDV IMQF HIN HOMY = E ZKHWH ( LVDQ
H SWV \RD 2 QD EMF NRDUGDQGLQV R H P DWHP DU [XM W \KIV P D\ EH DEEUHY DMG DV

B 7KV HOWG\R\WHF RF ISVR DV \J 0P HOADF R SXWUV FHOF HZ KIE K'Y TRXV\O

GHQRMG GHSHQAQ) RQWH XV 16 SIRIWP P LQ] OQIXDIH =, 1=, ==, +, . ..

' HQRWMV LOHTXDOW DQG P HDQV. QRVWHTXDO

22
0 HDQV' LV DSSWR 1P DWO HTXDOR. ) RUH{DP SBim ~ =~ IRUDP RUADF FUDA DSSWR 1P DIRQ
V HSL

OHE HHQ R QXP EHY HAKHUWVIV XV 161QV MDG R~ \R P HDQ DSSUR] IP DY K HTXDO RUMW
PHDQV KDV\WHV B HRGHUR P DI QWGH DV

' HQRMV \KH DV \ FS\RIF HTXLY EBICF HRI \BR IXQF MRQV RWV FIXHQF WY

2 I\MQXV 16 IRUGHCQRII RKHUNSHY R VI LOUNY IRUH DP S®I P DN, V P LOUMY RUV P LOUMY
R JHRP HWE V RSHV

6 \DQGEDUG CRIMRQ IRUDQHTXLY BICF HHDMRQ

" HQRWV DQLGHQMY \KDVIY DQ HTXDONV\KDV \RKH Z KLE KiY 1Y BXHV DUH LY IR \KH
Y DDEGV RF FUKQJ 1QIW

QQXP EHUKHRY DQGP RV $F ILF [D QP RGXOUDUKP HIF GHQRWMV\KH F R )XHQF H
P RGX® DQLOMI HU

0 D\ GHQRW DQLY R RBKLY PEHE HHQW® R P DIHP DI [/ WF YW DQG LV UHDGDV LV
IV R RUBKIE \R

QJHRPHW P D GHQRW\KH F R WXHQF HRI \EZR JHRP HWE V IRSHV \KDVIY \KH HT XDV XS
\R DGV ©F i HQVDQG LY BHDG IV F RJ KHQAR

Comparison

<

6 WWE HT XDV EHE HHQ® R QXP EHY P HDQV DQGLY BWDG DV BNV WKDQ

&RP P RQD XV 16 IRUGHQRIDI DQ VW WEHU
YT HHQE R JURXSV P D\ P HDQWDVWH ILLY RQH LV D SIRSHUV EJURXS R \KH V I RG RCH

6 WWE HT XDV EHE HHQ® R QXP EHY P HDQV DQGLY BWDG DV J BDWUKDQ
&RP P RQD XV I6IRUGHCRIDI DQ VW WEHU
Y HHQER JURXSV P D\ P HDQWDVWKH V I RIG RCH LV D SURSHUV XEJ URXS R \KH ILLY RCH
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0 HDQV BNV WKDQRUHTXDOR 7KDY Z KDY 1$ DQG Y%DUH $< Y6l HTXLY EBIOAR
$< Yor $= %
YHE HHQW R JURXSV P D\ P HDQ\WWDWAH ILLY WCHIVDV EIJWRXS R WH YV IF RGRCH

v

0 HDQV JUHDWUKDQRUHTXDOR  7KDWY Z KDWY K$ DQG %DUH $> %0l HTXLY EHQAR
$> Y%or $= %
YHE HHQWE R JURXSV P D\ P HDQ\WWDWKH V I RGRQH VDV EIURXS R \WH ILLY RQH
<,>»
0 HDQ P XF KBV WKDQ DQG P XF KIHDWUKDQ * HQHID@ P XF KY CRWRP DO GHIQHG
EXV¥P HDQV \KDVWKH BV VU XDQIMV F [ EH QHI BF MG Z W UHV S W \WH RKHU 7 KLV LV
JHQHID® \WH F [V HZ KHQWH BN VT XDQIMV LV V FDEIKDQ\WH RKHUE\. RCHRUV M KDAREHY

Rl P DJQWCH
QP HDV HWHRY ¢ < v P HDQV\KDWKH P HDV XHu LV DEV R\MO F RMOXRXV Z MWK UV §F

\R\KH P HDV X/
=
$ DO XV IV \BQ P R< ' HV 8M\KHHDV \F RIXVRQZ W<V R HDXWRW XV HVZ L\ D
QLIHHP HDQQ]
<,>
2 \MQXV 16 IRUGHCRII DQREHURUP RIH JHQHID® D SUHREHU Z KHQIMZ RXG EH F RIXV QI R
QR RY IIHOMR XV K DQG>

Set theory

%)
' HQRWV \WH HP SWV MDQG LY P RUH R\MQZ UMHQD 8 V@QJ V MEXIGHUCRBNRQ WP D\ DY FEH
GHQRMG{ }.

1 XP EHUR HBP HQV#S P D\ GHQRW \WH F DECDOVR \WHV M6 $ QDIMEDIY HORIARQLY
S|V HO|

3UP RUDOn#  GHQRMV \KH SURGXF VR \WH SUP H QXP EHY \KDVIDUH CRW BHDIMUKDQ Q

Q\WSRBI\ M#N GHQRMV\WHF RQHF MGV R R \®R P DQIRGYRUZRN GW

' HQRMVV MP HP EHY §S DQGLV DG 1Q RU EHRQIV\R 7KDWz € S P HDQVKDW LV DQ
HOP HO/R \KH V M6

0 HDQV QRUQ 7KDWz & S PHDQV—(z € S)

" HQRMVV MIQF XV RQ + RZ HY KMERV IOK\W GLIHHQMEHIQMRQY DUHF R P RQ ,\W HP V\KDW
WH LY RCHLV P RHF R P RQD XV IGIQUHF IDAM W VQF HVWD@Z VRIWMQDY FAQ) F IV H
Qv M RV

A C B PD PHDQWDWS LVDV ¥V MR % DQGLYV SRV \ED HTXDOR % KDWY HY KB HBP HQ
R $ EHRQVWR % IQIRP XOVz, € A=z € B

A C B PD P HDQWDV LV D SIRSHUV XV MR % \KDWY \KH\E RV MY DUH GLIHIHQADQG
HY B HOP HQR $ EHBRQIVWR W IQIRP XD A # BAVz,z c A=z c B

N

A C B PHDQV\WWDV$ LVDV XV MR % 8 V 16 IRUHP SKDVLIQJ \KDVWHTXDQW LV SRV \EBI RUZ KHC
\WHYV IF RGCHIQWRQL/ XV IBIRA C B
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A C B PHDQVWWDVW VD SURSHWV XV MR % 8 V I IRUHP SKDVLUQ) \WDM # B RUZ KHQ\KH
Y BHIQWRQLV XV IBIRA C B

5,2,

7KHV P HDV\KH SUHF IE1Q) RQHV Z W \KH RSHIDQGV UHY 1V 16 ) RH DPS®IB D A IV
HTXLY BIQARA C B

V)
' HQRWMVV MIHRUIAIF XQRQ \WDWV A U B IV\KHV MRWP HGE\ \KHHBP HQWR $ DQG %
RIHKHU7TKDW AU B ={z | (z € A) V (z € B)}
N
' HQRVV MIKHRUAIF LOMY I IRQ \WDVWV A N B LV \KHV MIRWP HGE\ \WH HBP HQVR ERK $
D% 7KW ANB={z | (z € A) A (z € B)}
\
6 HVALIHHQF HKDWY A \ B IV\WHV MRWP HGE\ \WH HBP HQWR $ \KDVDUH QRWIQ %0
6RPHIPHVA — B IVXV IGIQVMIG V H  1Qh $ UAKP HIF RSHDRY
(S
6\ P P HWE GLIHHQF HKDW A © B IV\KHV MIRP HGE\ \KH HBP HQW \KDVEHRQ) \R H DF @/
RCHR \WH\W&W RV W$ DQG % 1 REMRQA A B VDY RXV 16 V H b
C
: LDV XV ASWGHRMV DV MF R SBP HQMKDWY 1B C A \WWH,B= A\ B
. WKRXVIDV ¥V ASWGHQRWMV \KH DEV RX\M F R SOP HQMKDWYCA = CyA ZKHH S8 VD
V MIP STF W® GHICHGE\ \WH F RM WZ KIF KF RABIQV DOV MY XQGHUF RV GHIDWRQ 7KIVV M8 1\
V R H\IP HV F [IBIG\KH XQY B/ HR GV FRY H
X
6 HH D& R-HQh $ UANKP HIF RSHDRY
" HQRWMV \KH & DUV DQ SURGXF W IRV W 7KDW A x B IV\KHV MIR®P HGE\ DOBSDLY RI
DQHBP HQ/R' $ DQGDQHEP HQMR %
" HQRWMV \KH GLLHF \BURGXF I \BIR P DIWHP DI [/ WF YUWHV R \KH Y B HWSH Z KIE KLY \WH
& DUV DQ SURGXF I \WH XQGHWDIQ) V WY HTXISSHGZ W DV IXF YWH R \WHV B HWSH ) RU
H DP S®! QUHF \BURGXF W UQIV GUHF \BIRGXF W \RSRRJIF OV BF N
QF IMRY WHRY GHCRWMV \KH GUHF \BURGXF VR\MQF [BIGV P SO SURGXF VR KR REMIF W
Z KIF KV D JHQHIDT} DIRQR! \WH SUHF Q) F RF ISWRI SURGXF W
u

" HQRMV \WH GV RIDAXQRQ 7KDWY 11 $ DQG YoDIH\WRIRY WALIB=AUC ZKHH&LVDV k
IRWP HGE\ \WH HBP HQV R %0UHCODP HG\R QRVEHRQ \R $

I

$ QDAMUIDY HRL! IRUGHQRIQ) QV RIDAXQRQ
" HQRWMV\WH F BURGXF Wi P DKHP DU @V WKF XUHV RURI REMF WOQD F IMIRY

Basic logic

Several logical symbols are widely used in all mathematics, and are listed here. For symbols that are used only
in mathematical logic, or are rarely used, see List of logic symbols.

-

' HQRMV ®J LF [OHI DIRQ DQG LV WBHDGDV QRW I ( VD ®JIF MBUWHAF BM—E [V \WH SUHGAF [M
\KDVHY DXDWV \R\IKH LL DQGRQD L ( HY BXDWV\RIDY H) RUF DM WA/ RIMQ UHSOF KEE\ \WH
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ZRG QRW ,QSWRIWP P 1QJ @QIXDIHVDQGV R HP DKHP DI DM W V'V R HIP HV
WHSOF KBE\ ~ RU! ZKIF KDUHHDV HARWSHRQV R HN MHERDUBY

" HQRMV \WH ®JIF DRUDQGLY WHDGDV RU I ( DQG) DH®IIF DBWHAF BW E V F IVWKH
LHWHJ ) RUERWK DB \WKH W R\NQUHSOF GE\ \WHZ R(G RU

QOWF HKHRY  GHQRMV \KH NRIQ RUBDV WESHUERXQG RSHIDIRQ

Q\WSR®J\ GHQRMVWHZ HGIHV R R \ERSRIOQMNGV BF N

' HQRWV \WH ®JIF ODQG DQGLY WHDGDV DQG | ( DQG) DUH@IIF SWHAF MV E A F' IV
WKHLL ( DQG) DUHERW \WWXH Wi/ R\MQ UHSDF IGE\ \WHZ RG DQG RUKHV \ FERO&

QOWF HKHRY  GHQRWMV \KH P HHVRUI DWWV \BZ HUERXQG RSHUIDIRQ

,QP XGMOHDUDOHEWD JHRP HWY  DQG P XA MIDE®! F 5 XXV GHQRMV \KH Z HGIH SURGXF W
\WH H \MUIRUSURGXF W

([FXYY.HRUL ( DQG) DWH\ERYRREDQY NDEGN RUSWHAF MW E VY F GHQRMV \KH
H FXYY HRU1 RIMRQV( XOR ) DQGE @ F DUHDY FE RPRQD XV I V Hi

' HQRMV XQY KW DIXDQME RIRQDQG LY DG IRUIDD || (VD ®JIE MSWHAF [MYzE
P HDQV\WDW LV \KH IRUD@SRY \EB1Y DXHV R \KH Y DIDEG |
2 \MQXV I8 1P SURSH® LQ SOIQ\M VDV DQ DEEUHY IMRQR!  IRUD® RU IRUHY K

' HQRMV H LY MQIDOTXDQME BIRQDQG LY BDG \WHHH VWV X KKDW | ( VD RJIE
SWAF M3z E P HDQV\KDVWKHUH H] IV VWDVWBDV ROH Y BXH R [ IRUZ KIE K( LV \KH
2 \MQXV I8P SURSHW® LQ SOIQ\M VDV DQDEEUHY IMRQR! \KHUH H] IV/'W

' HORMV XQTXHCHY VTXDQME [RQ KDWY/ Jlz P P HDQV \KHUA H LV WH DF @/RQH [ V K KIXDV!
3 VWKH ,QRWHUZRGVIlzP(z) IVDQDEEWY DMRQRIz (P(z) A -3y (P(y) Ay # z))

" HQRMV P DIMIDCF RGMRQDODQG LY DGV [P STHY | 3 DQG4 DUH BJIE MBUHAE MV
P = Q PHDQV\WDW 3 IVWKH \WHQ4 VDY RMKH 7KXVP = @ IV®RIIF [ HTXLY QW LK
QV-P

2 \MQXV 16 P SIRSH® 1O SIIQ WM VIDV DQDEEWHY MIRQR! [P STHV

" HQRMWV ®JLF MHTXLY IR HDQGLY DG IV HTXLY BHIQAR RU LDQGRQO UL | 3 DQG4
D @I LF BBWHAF MV P < Q LV \KXV DQDEEWHY IMRQRI(P = Q) A (@ = P) RR
(PAQ)V (-PA=Q)

2 \WQXV 16 LP SIRSHWD 1Q SOIQWM VIDV DQDEEWHY IMRQR! 1L DQGRQO Ll

T GHQRWV \WH @JIE MBUWHAF [M DA D\ V\KH

' HQRWMV DY RKH WKW Y DXH WKH

6 RP H\P HV GHQRWMV \KH \RS HBP HQ/R D ERXQGHG OWIE H SUHY RXV P HDQQIV DUV $F ILF
H DP SGV

)RU\M—IXVI-D\/DVSI-U/FLS&!VWH-H/D

1 GHQRMV\KH ®JIE DSWHGEE [ DA D\ VIDY H

' HQRWMV D& RKH WKWK Y DXH IDY H

6 RP HIP HV GHQRMV \KH ERWRP HBP HQR D ERXQGHG OVIF HSUHY RXV P HDQUQIV DUH
V $F IIF H DP SGV
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https://en.wikipedia.org/wiki/Multilinear_algebra
https://en.wikipedia.org/wiki/Geometry
https://en.wikipedia.org/wiki/Multivariable_calculus
https://en.wikipedia.org/wiki/Wedge_product
https://en.wikipedia.org/wiki/Exterior_product
https://en.wikipedia.org/wiki/Exclusive_or
https://en.wikipedia.org/wiki/Boolean_variable
https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)#Simplified_overview
https://en.wikipedia.org/wiki/Turned_A
https://en.wikipedia.org/wiki/Universal_quantification
https://en.wikipedia.org/wiki/Logical_predicate
https://en.wikipedia.org/wiki/Existential_quantification
https://en.wikipedia.org/wiki/Logical_predicate
https://en.wikipedia.org/wiki/Uniqueness_quantification
https://en.wikipedia.org/wiki/Material_conditional
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https://en.wikipedia.org/wiki/Logical_equivalence
https://en.wikipedia.org/wiki/If_and_only_if
https://en.wikipedia.org/wiki/Logical_predicate
https://en.wikipedia.org/wiki/If_and_only_if
https://en.wikipedia.org/wiki/%E2%8A%A4
https://en.wikipedia.org/wiki/Logical_predicate
https://en.wikipedia.org/wiki/Truth_value
https://en.wikipedia.org/wiki/Top_element
https://en.wikipedia.org/wiki/Bounded_lattice
https://en.wikipedia.org/wiki/%E2%8A%A5
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$V D EIQDY RSHIDRU GHQRAMY SHSHQGEE XDUMY DQG RIKRIRQDOW ) RH DPSBI L$ % &
DUH \KUHH SRIQW QD ( XF IBHDQV BF HWHQAB | AC' P HDQV \KDWKH @CH V BP HOW $ %6DQG
$ & D SHSHQAF XDU DQGIRP D W KVDQI G

) RAKH XV HDVDV SHWY ASW H1©

Blackboard bold

The blackboard bold typeface is widely used for denoting the basic number systems. These systems are often
also denoted by the corresponding uppercase bold letter. A clear advantage of blackboard bold is that these
symbols cannot be confused with anything else. This allows using them in any area of mathematics, without
having to recall their definition. For example, if one encounters R in combinatorics, one should immediately
know that this denotes the real numbers, although combinatorics does not study the real numbers (but it uses
them for many proofs).

N
' HQRMV \WH V MRI QDWMUDOXP EHYA0, 1,2,...} RW RHPH{1,2,...} WVIVR\NQGHRMG
DY B\ N
y/
' HQRAMV\KHYV MR IQMIHYA. .., —2,-1,0,1,2,...} W/ R\WQGHQRNGDY R\ Z
Zp
" HQRMV\WHV MR S DAF IQMIHY Z KHH SV D SUP H QXP EHU
6 RP WP HV Z,, GHQRWMV \KH IOMIHY P RGX® Q Z KHH QLY DQIQMI HUW BHDWMUAKDQ ~ 7KH
QRINRYZ /nZ VDY RV I DQGLY GV \DP ELIXRXV
Q
" HORMV \KH V MR UDMRCDOOXP EHY IUDF MQV R B R IQMIHY WY R\MQ GHORWNWG DY FE\ Q
Qp
" HORMV\WH YV MR S DAF QXP EHY Z KHUH SV D SUP H QXP EHU
R
' HORMV \KH V MR UHDOQXP EHY WV R\MQ GHQRWG DY FE\ R
C
" HQRMV\KHV MR F R SO QXP EHY W/ R\MQ GHQRWMG DY FE\ C
H
' HQRMV\KHV MR TXDIMOQIRQY WiV RIWQ GHQRMG DY FE\H
Fq
" HORWMV \KH ILQ\M IIHG Z W T HBP HQW Z KHUH T LV D SUP H SRZ HU LGQF XIEQ) SUWP H QXP EHY
WV GHQRNG DY B\ GF( )
Calculus
Dl
/ DI UDQJHV CRBARQ IRUKH GHULY B HIL | IV D IXQF MRQR DVQI®IY DDE®! f WDGDV |
SUPH LV\WHGHLY B HR | Z W UHV SF W\KLY Y ODE®! 7KHV IF RGGHUY BY HY \KH
GHUY Y HRf' DQGLY GHQRWMGS"
]

1 HZ \RQV QRIAIRQ P RV WR P RQD XV 16 IRUIKH GHUIY BY H I\ UV $F VEVP H L[ VD
Y DDE®I GHSHQAQ) RQWP H \WHQE LV W GHUY B HZ LK UHV S WP H ,Q SDUF XDUL [
UHSUAV @V D P RY Q) SROMKHQE VIWY KRF W
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https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Right_angle
https://en.wikipedia.org/wiki/Blackboard_bold
https://en.wikipedia.org/wiki/Typeface
https://en.wikipedia.org/wiki/Number_system
https://en.wikipedia.org/wiki/Combinatorics
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Natural_number
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/P-adic_integer
https://en.wikipedia.org/wiki/Prime_number
https://en.wikipedia.org/wiki/Integers_modulo_n
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Rational_number
https://en.wikipedia.org/wiki/P-adic_number
https://en.wikipedia.org/wiki/Prime_number
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Complex_number
https://en.wikipedia.org/wiki/Quaternion
https://en.wikipedia.org/wiki/Finite_field
https://en.wikipedia.org/wiki/Prime_power
https://en.wikipedia.org/wiki/Prime_number
https://en.wikipedia.org/wiki/Lagrange%27s_notation
https://en.wikipedia.org/wiki/Derivative
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Second_derivative
https://en.wikipedia.org/wiki/Newton%27s_notation
https://en.wikipedia.org/wiki/Derivative
https://en.wikipedia.org/wiki/Velocity
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1 HZ \RQV QRIAIRQ [RUKH V I RG GHUY BY HIQSDWY XDULL [ VDY DIDE®! \WDVWHSBY IV D
PRY Q SRQMXHQE LV IWDF F BRDMRQ

/ HEQ] V QRENRQIRUIKH GHUY B HZ KIE KV XV IG1QV N DOV IOKWS GLIHIHQRZ D\ V
1\ VDY DDEGI \WDVEHSHQGV RQ [ \MHQZ—-Z BDGDV G\ RY HG[ LV\KHGHILY B HR \
Z \ U SF W [
1 1 IVDIXGF MRQR DVQI®! Y DDE® [ \M—Q% LV \WH GHUY Y HR | D@%(a) LV \KH Y DXH

R \KH GHUY &Y HDWD
7RNOGHUY Y HILf (1, ... ,2,) VDIXQF QR V N HDOY DDEGN \WDVEHSHQGRQ[ \WHQ

i df _ <~n  Of da;
% WWHGHIY BY H | F RV GHHGDVDIXQFIRQR [ 7KDWY ¢ = 307, 7= &

3 DADAGHWY WY HUf(zy, .. . ,z,) IA/DIXQ:I!RQRIVHIHDO(IDDEG}I\/% IV \WH GHILY B HZ [\

UV SF WR\KH WK Y DDE®! F RV GHUWHG DV DQLQGHSHQGHOW DE®! \WH RKHUY TIDEGN EHQJ
F RV GHHGDVF RV DOV

) XQF MRCQDOGHWY WY HLLf (31, . . ., 5) LVDIXQE QDR V W IHDOXQ:MD\/;—:: IV \KH [ XCQF NRCDC

GHUY B HZ WK UHV S YR \WH QI IXQF NRQ F RV GHUHG DV DQ LQGHSHQGHQWY MDE®! \KH RWHU
IXQF MRQVEHQ) F RV GHHGF RV DWW

&RP SB{ F RMIDM IL] LVDF R S®f QXP EHU\KHQ: LVIWF R SB[ F RMIDW ) RU
H DPS®la + bi = a — bi

7RSREJIE F RV X 1L 6 VDV ¥V MR D\RSRBILF @V $F H7 WHQS LV IW\RSREJIE
FRV XH KDWY/ \WHV DN WRY IV XV MR 7 KDV ROV 6

$OHEWEFRY X 1L) VDIHG \WHQF' LV IWDOHEWIF F RV XH \KDWY \KH 'V FDEBN W
DOHEWDIF @D F RY 6 IIHG\KDVW RBIQV) ) RUH DP SBIQ IV \WH IIHG R DODIHEWDIE

QXP EHY
0 HDQY DH L [ VDY DDEGI\WDWIN MIWY DXHVIQV R HP XA MR QXP EHWY 6 \KHQZ
P D\ GHQRW \KH P HDQR! \KH HBP HOWR! 6

A — B GHQRMVDIXQF \RQZ W GRP DIQ$ DQGF RRP DIQ % ) RUQDP 1QJ V ¥ KD IXQF MRQ
RHZWMS : A - B ZKF KVUBDGDV | IRP $\R %

0 R JHQHD® A — B GHCRMV D KRP RP RSKLY PRUDP RBKLY PILRP $ \R %

0 D\ GHQRW D ®J IF P SIF MRQ ) RUKH P DWUIDAP STF RRQ\KDWY/ Z LGHD XV I61Q
P DIHP DI¥ \HDV RIQ) VIV QRZ DAD\ V.JHQHID® WHSOF IGE\ | ,QP DXHP DIF DRI IF W
UHP DIQV XV 16 IRUGHCRIZY [P STF MRQ EXVIWVH DF WHDQQ) GHSHQGY RQWH V SF ILE \WHRW
KDWY V XEHG

2Y DY DDEGIQDP H P HDQV\KDWKH Y MIDEG! WHSWV IQVDY 1F RUIQD F ROM VZ KHUH

RGCDY Y ODEGNV UHSUHV W FOLW/ IRU—[IZPSGN;> YROGIDF Hv RUDFWF RIGf v DK
R\MOQXV IGIRMHYV P HSXUBRY H

_>
,Q( XF IBHDQJHRP HW DQG P RUH JHQHID® LQDIICHIHRP HWY PQ  GHQRMV\KH Y IR RY

GHICHGE\ WH\®R SRQV 3 DQG4  ZKIE KF ) EH [GHQMHG Z 1\ \KH WDQV IRQ\KDVP DSV 3 \K
4 7KHV PHY FRUF QEHGHRMGDY Q) — PV HS$IIQHV $F H
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https://en.wikipedia.org/wiki/Arrow_(symbol)
https://en.wikipedia.org/wiki/Function_(mathematics)
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8V I6IRUGHIQQ) D IXQF MRQZ WKRXVKDY Q) \R QDP HIW) RUH P S®lz — 2% LV \KHV KD
IXQF MRQ
0>@

) XOF MROF R SRVIIRQ L | DQG J DUHEIR IXQF MRQV \WHQ © f LV \KH IXGF MRQV X KKDW
(g0 f)(z) = g(f(z)) IRIHY B Y BHR [

+ DGDP DG SURGXF VI P DWE I 1L $ DQG %6DUH\RR P DWE iR \WHV B HV]IH \WHQA o B IV
WHP DW[ V X KKDWA o B); ; = (A);;(B);; 3RV\EDo VDY RV IGIQVMIGR $ IRUKH
+ DEDP DU SUIRGXF W SRZ HUWV dHY

%RXQEDW R D\RSRBJIF @V XV BF HLL 6 VDV XV SF HR D\RSRRIIE BV SF HWHQ LW
ERXQEDY GHQRMGHS LV \KH V MELIHHGF HEHE HHQ\WH F RY X8 DQOG \WH IOMIRUR! 6

3 DADOCHLY Y HY H-Hgg

; m@wvzvmmmvmmwwmmnpsqﬂfw?dw—ﬁ+c

; MDVKVHW!DQBDVXSFU/HSV\RJ—[S(B—I\/\H}JS@F 6 EH®Z DQGDERY HWGHQRMV D
GHIQW IQMI UDO) RUH, DP SBI [)” 2% dz =

; movxvnswmmmmvwmmmwommwmmms&
Jof= f;’ Ff(r(t))r (t)dt 1 UV D SDDP HW DIRQRI \WHF XY H& IIRP DR E

$
2 \MQXV 16 WSIF D IQSK\ VE VIQVMIGR! [ IRUICH QM) DY RY WD F RY I6F XY H

I, &

6P L OUR[ DQGf IRUV XDF HOMI DY
\/

1 DE® WHY IFFRlUGlII—LH-QﬂDO?SI—LDRl(a%, 2, g) DY FE TBIGGHO

Iz

2 )
/DS(DFI—RSI—I.IDRLR.VDSG)Fm——F——Fa—z $ Q@ REHQRWMG ZKHH\WHYV KDWH

UHSUAV I@VDV RIR GRVBURGXF W * DQG LW 1
0 D\ GHQRW\KH V \ FP F\WE GLIHWHGF HRN\RZRV MY \KDVY \KH V MR \KH HBP HOW\KDW
EHRQ) \R H DF ®\R RQH R \WHV MW $ @ RGHQRWAG !
$O RV 1B IRUGHCRI \WH RSHIDRUR! [LQ\M GLIHUHGE H
0
KHUH DQ DF YO/ KD QRVD SOF HRTGHU
' HQRWV \KH G$ BP EHMIDQ RUGS BP EHWRSHIDRU Z KIE KV D JHQHDQ DIRQR! \KH / DSOF DQ
\R QRQ ( XF IGHDQV SF N

Linear and multilinear algebra

)

" HQRMV\WHV R R DIIQW QXP EHURI WP V Z KIF KDUH GHMP ICHGE\ V BV ASIVDQG
V $HY ASW Z KIF K- (DY REH SOF GEHGZ DQGDERY H V X KOVIQY F ; 2 RU

Eo<i<j<n J—1
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https://en.wikipedia.org/wiki/Topological_subspace
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https://en.wikipedia.org/wiki/Antiderivative
https://en.wikipedia.org/wiki/Definite_integral
https://en.wikipedia.org/wiki/Line_integral
https://en.wikipedia.org/wiki/Line_integral
https://en.wikipedia.org/wiki/Line_integral
https://en.wikipedia.org/wiki/Closed_curve
https://en.wikipedia.org/wiki/Surface_integral
https://en.wikipedia.org/wiki/Surface_integral
https://en.wikipedia.org/wiki/Nabla_symbol
https://en.wikipedia.org/wiki/Del
https://en.wikipedia.org/wiki/%CE%94
https://en.wikipedia.org/wiki/Laplace_operator
https://en.wikipedia.org/wiki/Dot_product
https://en.wikipedia.org/wiki/Symmetric_difference
https://en.wikipedia.org/wiki/Finite_difference
https://en.wikipedia.org/wiki/D%27Alembertian
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" HRMVDYV HHV DG L \WHV HHVIVF RY KIHOMKHYV R R \WHV HHV ) RUH DP S®1

2

>0 f_; =€

" HQRWMV \KH SURGXF WI D ILQ\WW QXP EHUR \MUWP V/ Z KLE KDUH GHMWP IOHGE\ V ¥V ASW DQG
V SHY ASW Z KIF K- D& REH SOF 6EH®Z DQGDERY H V X KOVIQ[[T, 32 RU
H0<i<j<nj_i

" HQRWV DQLQILQ\M SURGXF VY RUH DP S®! WH ( XBIUSURGXF VRWP XO IRUKH 5 HP DQQ] HY
IXQF QI (2) = [, —

$Q XV I IRUKH & DUV DQ SURGXF W DQ QXP EHURI V MY DQG WH GUHF \BURGXF W DQ
QXP EHUR P DIKHP DIYF [@V WK XUHV

QMODCAUH WR UL ( DQG) DUHDEHIDQV XEJURXSVR DQDEHIDQJWRXS 9 QREMRQ
V=E®F PHODQV\WDV® IVWHQUWF WR R ( DQG) WDWY HY i HBP HQ/R 9 F EH
Z IMMQLQD XQTXHZ D\ DV\KHV R R DQHBP HQMR ( DQGDQHBP HQMR ) 7KLY DSSTHV DY |
ZKHQ( DQG) DUH@HDWV XV §F W RUV XP RGXGVRI WHY I RV BF HRUP RGX®! 9

' WHFWR U( DQG) DUWH&RDEHIDQJWRXSV Y IHRW BF i RUP RGXGV \WHQ\WHUGHF
VR GHRMGE @ F IVDQDEHIDQJWRXS Y I RV BF HRUP RGX®! BV SF M/ @ HTXISSHG
Z\WW\WWRPRRPRSKIV PVf: E—-E®F DQy:F -+ E®F VEKKDE @ F LV\KH QMDD
AUHF WR Rf(E) DQ(F) 7KL GHIQWRQP DN MV i@V HEHF DXV HKLY QU W R LV XQTXH
XS\WDXQTXHL R RSKL P

([FXVYHUL ( DQG) DUWH\ER%RREDQY NDEGVRUSWHAF BW E & F P D\ GHCQRN \KH
H FXVY HRU1 RIMRQV ( XOR ) DQGE Y F DIHDY FE RPRQD XV I V HF

' HQRWMV \WH \MQV RISURGXF W (| DQG) DUHDEHIDQJWRXSV Y IR RV BF i RUP RGXBVRY WD
F R PX\BAY HIQ) \WHQ\WH\NMQV RSIRGKF W ( DQG) GHQRWGE @ F IVDQDEHIDQJURXS D
Y FRW SF HRUDP RGX®! BV SFIW D HTXISSHGZ WK D EICHDUP DS(e, f) — e ® f IRP
ExF \REQ®F VX KKDWH EIGQHDUP DSVIWRP E x F \RDQ DEHIDQJURXS Y B RV SF H
RUP RGX®! * F EHIGHQMHGZ I \KHO@HDUPDSVIRP E® F \R* || ( DQG) DIHY HRY
V BF WRY HDIHG5 RUP RGXGNVRY HDUQ 5 \WH\MQV RISUIRGXF W R\MQ GHRWNGE ®f F
\R DY G DP ELIXIW

7V RV HL S VDP DM "A GHQRAMV\WHWDQY RV HR' $ \WDWY \KH P DW REBIQHG E\
H F DQIQ) (RZVDQGF P QVR $ 1 RIMRQA" VDY RV I 7TKHV \ FERT IVR\MQ
UHSOF IGE\ \KH GMT RUW

) RUQICH XV N R \KHV \ FEROV i/

2 WKRJRQDCF R SGP HOW/I : LV D @HDWV BV SF HR DQLQQHUSURGXF W BF HO \WHOW -
GHQRMV LW RWKRI RQDCF R SGP HOMKDWY \KH @QHDUV BF HRI \WH HBP HOWR! 9 Z KRV HQQH.
SURGXF WZ W \KH HBP HQWR! ©  DUH D@ HR

2 WKRJRQDOVY XV BF HQWH GXDOY $F H,l ;  IVD @HDUWV XV $F HRUDV XP RGX®! R D
Y AR $F HRUR DPRGX®! 9 WHOW L P D GHQRM\WH R\IKRIRQDOY XV SF HR . \KDWY
\KH V MR DOIOHDURWYP VIWDWP DS \R] HR

) RUQICH XV MR \KHV \ FEROV HI0

Advanced group theory
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https://en.wikipedia.org/wiki/Series_(mathematics)
https://en.wikipedia.org/wiki/Convergent_series
https://en.wikipedia.org/wiki/Sum_of_series
https://en.wikipedia.org/wiki/Product_(mathematics)#Product_of_sequences
https://en.wikipedia.org/wiki/Infinite_product
https://en.wikipedia.org/wiki/Riemann_zeta_function#Euler_product_formula
https://en.wikipedia.org/wiki/Cartesian_product
https://en.wikipedia.org/wiki/Direct_product
https://en.wikipedia.org/wiki/Mathematical_structure
https://en.wikipedia.org/wiki/%E2%8A%95_(disambiguation)
https://en.wikipedia.org/wiki/Direct_sum
https://en.wikipedia.org/wiki/Abelian_subgroup
https://en.wikipedia.org/wiki/Abelian_group
https://en.wikipedia.org/wiki/Linear_subspace
https://en.wikipedia.org/wiki/Submodule
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Module_(mathematics)
https://en.wikipedia.org/wiki/Direct_sum
https://en.wikipedia.org/wiki/Abelian_group
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Module_(mathematics)
https://en.wikipedia.org/wiki/Monomorphism
https://en.wikipedia.org/wiki/Isomorphism
https://en.wikipedia.org/wiki/Exclusive_or
https://en.wikipedia.org/wiki/Boolean_variable
https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)#Simplified_overview
https://en.wikipedia.org/wiki/Tensor_product
https://en.wikipedia.org/wiki/Abelian_group
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Module_(mathematics)
https://en.wikipedia.org/wiki/Commutative_ring
https://en.wikipedia.org/wiki/Bilinear_map
https://en.wikipedia.org/wiki/Linear_map
https://en.wikipedia.org/wiki/Field_(mathematics)
https://en.wikipedia.org/wiki/Transpose
https://en.wikipedia.org/wiki/Orthogonal_complement
https://en.wikipedia.org/wiki/Linear_subspace
https://en.wikipedia.org/wiki/Inner_product_space
https://en.wikipedia.org/wiki/Orthogonal_subspace
https://en.wikipedia.org/wiki/Dual_space
https://en.wikipedia.org/wiki/Linear_subspace
https://en.wikipedia.org/wiki/Submodule
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Module_(mathematics)
https://en.wikipedia.org/wiki/Linear_forms

QQHUV IR LA \BURGXF W 1 DQG+ DUV EJWRXSVR DJWRXS * V¥ KKDWL 1V D CRWP DO
VEJRXSR * \WHQG = N x H DQGG = H x N PHDQWDW LV\KHV IR [AUF \BUIRGXF W 1
DQG+ WDV \WDVHY B HBP HQMR * F IEH XQATXH® GHF R SRV 16DV \WH SUIRGXF W DQ
HOP HO/R 1 DQGDQHBP HOMR +  XQIN HRUKH GAUHF BURGXF W JURXSV \WH HBP HQ/R +
PD\ F QIH L \WH REHUR \WH IDF R/ LV F IOQIHG

2 X\ IR [QUHF \BURGXF I 1 DQG + DUH\EIR JURXSV DQGp VD JURXS KRP RP RUSKLY P
IRP 1 \R\XH DX\RP RBKLY PJWRXS R + WWHQN x, H = H X, N GHQRMVDJIWRXS *  XQTXt
XSRDJWRXS IV R REKLY P ZKIE KVDV IR [AUHF BRGXF W 1 DQG+ Z M\KH F R P X\DIRQ
R HBP HOWR 1 DQG+ GHIQHGE\ ¢

QIJBRXSWHRY G H GHQRMV \KH Z UHDIW SURGXF W \WH JURXSVG DQGH IV DY FGHQRWNG
DVGwr H RGGWr H VH: WK SURGKF W1 RIMRQDQGF RY IQIRQVIRW M ’DCCRIMRQ
Y ODQWV

Infinite numbers

7KHV \ FERQY DG DVIQIQW $VDQXSSHUERXQGR DV R P DIRQ DQLQIQWM SURGKF VBQ
LOMI WDOHE P HDQV \KDWKH F R SXBARQ LY XQIP \MG 6 [P LOWD —oo LQD B&Z HUERXQG P HDQ.
\KDAKH F IR SXBAIRQ LY CRMP WG \RZ DG GHIDIY HY BXHV

—00 DQG+oo DUHWH J HQHIDA} HG QXP EHY \KDVDUH DGGHG \R \WH UHDOICH \R IRWP \KH

H \MQGHG BDOIH
0o LV \KH JHOHDT HG QXP EHUIKDVA DGGHG \R \WH UHDOICH \R IR \KH SURVIF B/ 1
H \WQGHG BDOIH
c
¢ GHQRMV\KH F DECDOW R \WH F RAMDXXP  Z KIE KV \KH F DECDONVR \WH V MR UHDOOXP EHY
R
© W DQRECQDA DV DV ¥V ASWGHQRMY \KH L\ DBISK QXP EHU WD/ \KH L\ LQILQ\M F DEQDO
) RUH DP SGIRy LV\KHV FD@NV WHILQW F DEQDOWDWY \KH F DECDAR \KH CDWUDAQXP EHWY/
3
© W DQRECDADVDV XV ASIWGHQRMV \KH L\ EHK QXP EHU) RUH DP S®I )y LV \WH F MEQX
R \WH CDWUDOQXP EHWY DQGED; IV \WH F DECDCR \WH F RMMXXP
- ' HQRMV \KH 1LY P VRECDO, WY DY REHCRMGw, DQGF ) EH LGHQMHG Z W \WH RUEHUHG
V MR \KH CDWUDOQXP EHWY
- W DQRECDADVDV XV ASIWGHORMV \KH LW @ VRECQDOKDVKDV D F DECDONV.J UHDMU
\KDQWDVRI D@SUHF HQ) REQDY
JQF R SX\MUV FHOF HGHQRAV\WH XQN §Z Q JUHDMV BZ HUERXQG IRUKH H SRCHQMR! \KH
F R SXBNRQDCF R SB[ IWR P DW P XUSIE MRQ
- UMMQ DV D IXCF MRQR DCRKHUIXGE MRQ W/ XV 16 IRUF R SDUQ) \WH DV \ FS\RIF JURZ \K R
R IXQF MRQV 6 HHY4J 2 QRIAMRQI 5 HDWG DV \ FSVRIE QRIARQY
QQXP EHUWWHRY P D\ GHQRWM \WH SUP HRP HID IXQF MRQ 7 KDWY w(n) 1V\KH QXP EHUR
QV MF BUP H IDF R R \KH ORI HUQ
Brackets

Many sorts of brackets are used in mathematics. Their meanings depend not only on their shapes, but also on
the nature and the arrangement of what is delimited by them, and sometimes what appears between or before
them. For this reason, in the entry titles, the symbol [ is used for schematizing the syntax that underlies the


https://en.wikipedia.org/wiki/Semidirect_product
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Normal_subgroup
https://en.wikipedia.org/wiki/Direct_product_of_groups
https://en.wikipedia.org/wiki/Semidirect_product
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Group_homomorphism
https://en.wikipedia.org/wiki/Automorphism_group
https://en.wikipedia.org/wiki/Group_isomorphism
https://en.wikipedia.org/wiki/Group_theory
https://en.wikipedia.org/wiki/Wreath_product
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Wreath_product#Notation_and_conventions
https://en.wikipedia.org/wiki/Infinity_symbol
https://en.wikipedia.org/wiki/Infinity_(mathematics)
https://en.wikipedia.org/wiki/Summation
https://en.wikipedia.org/wiki/Infinite_product
https://en.wikipedia.org/wiki/Integral
https://en.wikipedia.org/wiki/Real_line
https://en.wikipedia.org/wiki/Extended_real_line
https://en.wikipedia.org/wiki/Projectively_extended_real_line
https://en.wikipedia.org/wiki/Fraktur
https://en.wikipedia.org/wiki/Cardinality_of_the_continuum
https://en.wikipedia.org/wiki/Cardinality
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Aleph
https://en.wikipedia.org/wiki/Ordinal_number
https://en.wikipedia.org/wiki/Aleph_number
https://en.wikipedia.org/wiki/Cardinal_number
https://en.wikipedia.org/wiki/Bet_(letter)
https://en.wikipedia.org/wiki/Ordinal_number
https://en.wikipedia.org/wiki/Beth_number
https://en.wikipedia.org/wiki/Cardinal_number
https://en.wikipedia.org/wiki/Cardinal_of_the_continuum
https://en.wikipedia.org/wiki/Omega
https://en.wikipedia.org/wiki/Limit_ordinal
https://en.wikipedia.org/wiki/Ordered_set
https://en.wikipedia.org/wiki/Natural_number
https://en.wikipedia.org/wiki/Ordinal_number
https://en.wikipedia.org/wiki/Limit_ordinal
https://en.wikipedia.org/wiki/Cardinality
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Computational_complexity
https://en.wikipedia.org/wiki/Matrix_multiplication#Complexity
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Asymptotic_growth
https://en.wikipedia.org/wiki/Big_O_notation#Related_asymptotic_notations
https://en.wikipedia.org/wiki/Number_theory
https://en.wikipedia.org/wiki/Prime_omega_function

meaning.

Parentheses

O
© 8V IBIQDQH SUHV \RRIRW $F I IQ) \WDWKH V X H SUHV \RQ EHE HHQ\WH SDUHQKHY N KDV \R
EHF RV GHUHG DV DV QI G HQMW WSLE [D XV IG IRV SF L 1QJ \WH REHUR RSHIDIRQY
()
OO, O)
oG, ..., 0)
) XQF MRQDOQRBAIRQ UL \WH I [W LV \KH QDP H V \ FEROR! D IXQF MRQ GHQRMV\KH Y DH R
\KH IXQF NRQ DSSTHG R \WH H SUAV \RQ EHE HHQ\WH SDUHQKHV N IRUH DP SO f ()
sin(z +y) ,QWHF IV HR) DP XAl DM IXQF MRQ \WH SDUHQWHY N F RABIQV N KDO
H SUAV \RQVV ISDIDMGE\ F R P DV V X KDVf(z, y)
0 D\ DY RCHQRW D SIRGXF W K KVIQu(b + ¢) : KHQWHF RIXV RQLY SRV \EB! \KH
F ROM VP XV BV Y X1V KZ KIE KV \ FER® GHQRW IXQF MRQV DQG Z KIE KRQHV GHQRIN Y TIDEGN
O, O
G0 ' HQRWV DQREHWHG SDILR! P DIWHP DIF REMIF WIRUH| DP SO (7, 0)
| DDQG E DB BDOQXP EHY —00  RUroo DQGD< E \WHQ(a, b) GHQRAMV \WH RSHQIQMY [

GHIP WGE\ DDQGE 6 HHI, ([ IRUDQDEMIDY HOREBMRQ
| DDQG E DHIQMIHWY (a, b) P D\ GHQRM\WH JBDWY WR P RQAY V. RR DDQG E 1 RIAIRG

ged(a,b) WVRWQXV I61QV MIG

G 50D
1L\ ] DHY ARWIGR® WHQ(z,y, 2) P D\ GHORM\KHV FOUNSE! SIRGKF VB HH DY Rf { { (
LQh 6 TXDUH EUDF N\M

G, ...,D)
" HQRWV D WS®I | \WHUH DUH QREMF W ISDIDIMGE\ F R P DV W DQ QWS®I

Gg..)

(I
" HQRAV DQIQIONN V AIXHQE H

o ... O

0O ... 0O

' DPDM 2 I\MQGHQRWMG Z MKV KDUH EUDF N\M
0
0

n

' HQRWV D ELQRP IDCF RIILE HOA® LY 19\® R QRQCHI DY HQMJH:V(k

nn—1)---(n—k+1) n!
N DQG LY GHIQHG DV \WH IQMIHU T ST

FRY IRQD®1 8 VQ \WHBIVKDQG VEHH SUHV \RD WEHQRWMV D SROCRP IDAQ Q DQG LV
WXV GHILQHG DQG XV IBIRUDQ. BHDARUF RSB Y BHR Q

) VUWHDGDV QF RRV H

ULN-O0 WY DHL

&)


https://en.wikipedia.org/wiki/Expression_(mathematics)
https://en.wikipedia.org/wiki/Order_of_operations
https://en.wikipedia.org/wiki/Functional_notation
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Multivariate_function
https://en.wikipedia.org/wiki/Variable_(mathematics)
https://en.wikipedia.org/wiki/Ordered_pair
https://en.wikipedia.org/wiki/Mathematical_object
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Open_interval
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Greatest_common_divisor
https://en.wikipedia.org/wiki/Scalar_triple_product
https://en.wikipedia.org/wiki/Tuple
https://en.wikipedia.org/wiki/Infinite_sequence
https://en.wikipedia.org/wiki/Matrix_(mathematics)
https://en.wikipedia.org/wiki/Binomial_coefficient
https://en.wikipedia.org/wiki/Nonnegative_integer
https://en.wikipedia.org/wiki/Polynomial
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Complex_number

/ HIHQAWH V \ FERO,| S1V DQRGG SUP H QXP EHUDQG DL DQLOMIHU\KH Y mm(%) v LD

LV D TXDADWF UV GXKHP RGX®R S MV 1L DIV D TXDAIDNF CRQUWGHPRGX®R S MW LS
QY@ D 7KHV B HQRIMNRQLY XV 6 IRWNKH - OF LV \ FERIDQG. URQHF NWYV \ FEROZ KIF KDUH

JHCHD@ DIRQY Z KHH SV UV $F W I DQ. RGG SRV Y HOMIHURUDQ QM HU

Square brackets

(]

] [

50

6 RP HIP HVXV I6DVDV \ BQ P RI(0) IRUDY RAQI QHV MG SDUHQRHV N
( TXLY EQF HF DV VILY IDQHTXLY EBIGE HHOMRQ[z] RIMQ GHQRMV \WH HTXLY TBIGF H- DV
R \KH HBP HQW

QI UDCEDWL [ 1 D WHDOQXP EHU[ [| RIVRQ GHQRWMV \KH LOMI UDCEDIWVRUMKGE IIRQR [ \KDW
IV \KH [QMI HUREDIGHG E\ UHP RY Q) D@E.] W DIWUKH GHFE P DCP DUN 7 KLY QREARQ KDV DY R

EHHQXV 16 IRURKHUY [MDQW R IGRUDQG F HIQ) IXQF ROV

Y B/ REWF N\ 3 VD SUHGE BM[P] P D GHQRM\KH Y K/ R EUDF NWAKDVY \KH IXQF MRQ
\KDWON M\KH Y EXHL IRUKHY DXHV R \KH IWHH Y TDEGVIQ 3 IRUZ KIE K3 IVWKH DQG\IN M
WHY BXH) RKHZ IV H) RUH DP SBi [z = y] LV\KWH. URQGHF NUEHI IXQF IRQ Z KIF KHTXDY
RQHUz =y DQG] HRRKHZ LV H

,PDIHR DV XV MU 6 VDV XV MR \KH GRP DIQR \WH IXQF MRQ | \WHQf[S] V'V R HIP HV XV i
IRUGHQRIQ) WHIP DIHR 6 : KHQQRF RIXVRQLY SRV \E(DI QRIMRQ( 6§ LVF R P RQD XV &

&BV I61QMY DI DDQG E DU UHDAXP EHWV X KKDW < b \KHJa, b] GHQRWV \WHF RY 16
IQMY DCHIGHGE\ \WHP

&RP P X\\RU JWRXS \WHRY 11 DDQG EEHRQI WD JWRXS WHJa, b] = a b~ Lab

&RP P X\B\RU UQ) WHRY 1L DDQG EEHRQI \WWDUQ) \WHQa, b] = ab — ba

" HQRWMV \KH/ IH EUDF N\MKH RSHIIRQR! D/ IH DOHEWD

[O:0O

' HHWHR DIIHGH WQVRQ 1) IVDQH WQVRQRI DIHG ( WHQF : E] GHQRAMV \KH
GHIWH R \WH IIHGH \WQV RQF/E ) RUH DP S®I[C : R] = 2

QGH RDV EIRXS Il + VDV EIRXS R DIWRXS (  WHJG : H] GHQRMV\WWHIQGH R +
I0* 7KHQRIMRQYG:H| VDY RV &

5,060

O

O

I\ ]DHY FRWIQR? \WHJx,y, 2] P D GHQRM\KHV FOUNSG! SIRGXF W3 HHDY R
{ { { Qh 3DHAXHV N
O

e O
' DP DM 2 I\MQ GHQRWNG Z W SDUHOKHV N

Braces

{}
O

6 HEXIGHUQRBARQ IRUKH HP SWYV MDY FHQRWA) RU


https://en.wikipedia.org/wiki/Legendre_symbol
https://en.wikipedia.org/wiki/Prime_number
https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Quadratic_residue
https://en.wikipedia.org/wiki/Quadratic_non-residue
https://en.wikipedia.org/wiki/Jacobi_symbol
https://en.wikipedia.org/wiki/Kronecker_symbol
https://en.wikipedia.org/wiki/Equivalence_class
https://en.wikipedia.org/wiki/Equivalence_relation
https://en.wikipedia.org/wiki/Integral_part
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Truncation
https://en.wikipedia.org/wiki/Decimal_mark
https://en.wikipedia.org/wiki/Floor_and_ceiling_functions
https://en.wikipedia.org/wiki/Iverson_bracket
https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)
https://en.wikipedia.org/wiki/Function_(mathematics)
https://en.wikipedia.org/wiki/Free_variable
https://en.wikipedia.org/wiki/Kronecker_delta_function
https://en.wikipedia.org/wiki/Image_(mathematics)
https://en.wikipedia.org/wiki/Subset
https://en.wikipedia.org/wiki/Domain_of_a_function
https://en.wikipedia.org/wiki/Closed_interval
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Commutator_(group_theory)
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Commutator_(ring_theory)
https://en.wikipedia.org/wiki/Ring_(mathematics)
https://en.wikipedia.org/wiki/Lie_bracket
https://en.wikipedia.org/wiki/Lie_algebra
https://en.wikipedia.org/wiki/Degree_of_a_field_extension
https://en.wikipedia.org/wiki/Extension_field
https://en.wikipedia.org/wiki/Field_(mathematics)
https://en.wikipedia.org/wiki/Field_extension
https://en.wikipedia.org/wiki/Index_of_a_subgroup
https://en.wikipedia.org/wiki/Subgroup
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Scalar_triple_product
https://en.wikipedia.org/wiki/Matrix_(mathematics)
https://en.wikipedia.org/wiki/Set-builder_notation
https://en.wikipedia.org/wiki/Empty_set

6 RP HIP HV XV IEDVDV \ @Q P R(J) DQA] IRUDY RAQ) QHY MB SDUHQKHY N
6 FVEXIGHUGRBARQIRUD V QI BARQV M{z} GHQRMV \KHV MKDVKDV [ DV DV QJ G HBP HQY
, O}
6 HWEXIGHUQRENRQ GHQRMV \KH V MZ KRV HHOP HQW DUH @/ WM& EHE HHQ \KH EWDF Y
V ISDUIDMGE\ F R P DV
{O:0O}
O]}
6 FVEXLGHUQRIAIRQ LLP () 1V D SUWHAF M GHSHQAQ) RQDY MDEGI [ WHQERK{z : P(x)}
DQG{z | P(x)} GHQRMWKHYV MRWP HGE\ WHY BXHVRI [ IRUZKIE KP(z) LV \WKH

Single brace
8V I6IRUHP SKDV JUQ] \KDW N I-DCHTXDMRQV KDY HR EH F RV GHHG DV V IR XABCHRXV

G ...

2 +y=1

HTX[)\NQQJIR[J—[DDS(BI{3m_y=1
31HF IV HEHIQMRQ IRUH DP SOl |z| = { ¢ ifz >0
—z ifz<0

8 V 16 IR URXSHG DQQRMRQ Rl HBIP HQWIQD IRWP X® IRUH DP S®i (a, b, . . . , 2)

S ——
26

=5050 4
14+24+.--4100 [B]}m+nrows

Other brackets

m
$EVRINMY DH L[ LvVDWDORUF R S®f QXP EHUz| GHQRWMV LW DEV R\ Y BH
1 XP EHUR HBP HQW IS VDV Mjiz| P D GHQRW W F DEQDQN \WDVW/ LW QXP EHUR
HOP HQV#S VDY RR\MQXV 16 V Hitt
/ HQ\WW R D@HV HP HQVI 3 DQG4 DWW R SRQVIQD ( XF IBHDQV BF HKHQ PQ| RWWQ
GHQRWV \WH GIQI\W R \KH @QH V HP HQAMKDWARH GHIQH Z KIE KV \KH QY DgF HIRP 3 \R 4 DX
v R\MQGHQRIGA( P, Q)
) RIDVE IDUGRN Q) RSHDRUV Hj
||
QGH RIDVEJWRXS Il + VDV EIJRXS R DIJWRXS * WHQG : H| GHQRMVWHIQGH R + 1Q
* 7KHQRBMRQYG:H] VDY RV I6
O O
l L]
11 o Tip Z1,1 ccc Tin
GHQRMV \KH GHAUP IQDQMR \WHY KDHP D |
Zn,1 Tn,n Tn,1 Zn,n
Il

' HQRWV\WH QRP R DQHBP HQ/R DQRWP HGY IH RUV BF H
) ROKH VIR DUGRN Q) RSHIDRUCQDP HG SDUDEBOV Hi °

O]


https://en.wikipedia.org/wiki/Set-builder_notation
https://en.wikipedia.org/wiki/Singleton_set
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Set-builder_notation
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Set-builder_notation
https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)
https://en.wikipedia.org/wiki/Variable_(mathematics)
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Equation_(mathematics)
https://en.wikipedia.org/wiki/Simultaneous_equations
https://en.wikipedia.org/wiki/Piecewise
https://en.wikipedia.org/wiki/Absolute_value
https://en.wikipedia.org/wiki/Real_number
https://en.wikipedia.org/wiki/Complex_number
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Cardinality
https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Euclidean_space
https://en.wikipedia.org/wiki/Euclidean_norm
https://en.wikipedia.org/wiki/Index_of_a_subgroup
https://en.wikipedia.org/wiki/Subgroup
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Determinant
https://en.wikipedia.org/wiki/Square_matrix
https://en.wikipedia.org/wiki/Norm_(mathematics)
https://en.wikipedia.org/wiki/Normed_vector_space

) BRUXGF IRQ L [ VD UHDARXP EHU| | LV \KH J UHDVMV NI HUKDVIA QR UHDWKDQ |
O]

)l

&HOXQF IRQ 1L [ VD UHDOQXP EHU[z] LV \WH GRZ HV I HAKDVY QRGN VIAKDQ [

1 HDUHV VM HUXQF MRQ UL [ LV D UHDOQXP EHU| z| LV \KH LOM) HOKDWA/ \WH F RV N W |

| e |
2 SHQIQMY B,1 D DQGE DUH BDAQXP EHY —00 RUroo DQGa < b \KHJa, b] GHQRMV \KH
RSHQLQMY DEHIP WG E\ DDQGE 6 HH(, ) IRUDQ DAMEDIY HORBAIRQ
(]
15, O
/AR QRBAIRQV DUH XV 16 IRUD BIVRSHO LOMY
[0, O)
(|
/R QRENRQV DUH XV 16 IRUD W KWRSHQ LOMY
()

* HQHIDWG REME WIS VDV MR HBP HQW QD DOHEWDIE V WKF XWH (S)  GHQRMY RINQ\KH
REMIF WHQHIDMGE\ S 1S = {s1,...,5,} RQHZUMMN(sy,...,s,) KDWY EUDF Y DUH
RP WG ,Q SDMF XDU\KLY P D\ GHQRWM

= \WHIOCHDWY BQIODY 1 RW BF HDY RR\WQGHQRWGS pan(
= \WHIHHDWG YV EIWRXS IQD JUIRXS
= \KHJHCHDNG LGHDAQ D UQY
= \WHJIHQHDWNGV XP RGX®ILQD P RGX®!
2 \WQXV 16 P DIQD 1QSK\ VIE VIRUGHQRIY DQH SHFMBY BH ,Q SUREDEIOW \WHRY E(X)
LV JHCHID@ XV G1QV MG RI(S)
©,0)
(Eu)
YRK(z,y) DQG(z | y) DHF R P RQD XV I6IRUGHQRIQI \KH LQOHUSURGXF WD DQIQOHUSURGKF \
V BF H
(O and |0)
%D N MORBMRQRU LLDF QRIAMRQ L [ DQG\ D HBP HQW R DQLQCHUSURGKF W BF Hz) LV
WHY 1 RUGHIQHGE [ DQX(y| WVWHF R I RUCHICHGE\ \ \WHUQOHUSURGKF W(y | )

Symbols that do not belong to formulas

In this section, the symbols that are listed are used as some sorts of punctuation marks in mathematical
reasoning, or as abbreviations of English phrases. They are generally not used inside a formula. Some were
used in classical logic for indicating the logical dependence between sentences written in plain English. Except
for the first two, they are normally not used in printed mathematical texts since, for readability, it is generally
recommended to have at least one word between two formulas. However, they are still used on a black board
for indicating relationships between formulas.
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