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Preface

I prepared these lecture notes for a class in CJOI000O0I00 00 OO OJOOO0C OJOCID composed entirely of
biology majors. The discussion, examples, and exercises are therefore written with that audience
in mind. I want the notes to do more than help students complete a required mathematics course.
The ideas and habits of reasoning developed here should remain useful throughout university
and in later scientific, professional, and everyday work. Where practicable, the notes connect
mathematics with biology, health, data, technology, and decisions that future biologists and
healthcare professionals may encounter.

Each chapter is intended to accompany one three-hour class. The notes contain more examples
than need to be discussed during that time, so some may be used for preparation, review, or
independent study.

The notes have also been designed to comply fully with the curriculum guidelines for LI0I0I0
(J00000 00 00D 00000 JU0ID issued by the Philippine Commission on Higher Education (CHED),
including the prescribed learning outcomes and subject coverage [1]. Within that framework,
I have tailored the explanations, applications, and supplementary examples to the needs and
interests of biology students. This alignment does not imply that CHED has reviewed or endorsed
these independently prepared notes.

These notes are a work in progress. Some chapters may be incomplete or absent, and existing
material may be revised as the course develops. Reports of errors, corrections, and suggestions for
improvement are welcome. Please send them to

rj (at) rjnieto (dot) com

Other instructors, including those at other universities, are welcome to use, adapt, and redis-
tribute these notes under the MIT License reproduced below. Please attribute the work to Rey
Joseph Nieto and retain the copyright and permission notice in copies or substantial portions of
the notes.
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Copyright © 2026 R] Nieto

Permission is hereby granted, free of charge, to any person obtaining a copy of these lecture notes, including
the PDF and accompanying source files (the “Work”), to deal in the Work without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies
of the Work, and to permit persons to whom the Work is furnished to do so, subject to the following
conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Work.

THE WORK IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PAR-
TICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
WORK OR THE USE OR OTHER DEALINGS IN THE WORK.
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DPOTJEFSJUVOMILFMZ :PVSFTUJNBUFNBZBMTP DIBOHF EFQFO
XFFLEBZPSB4BUVSEBZ TJODFUSB DDPOEJUJPOTBSFVTVBMM

‘PVNBZBMTPDPOTJEFSUIFQPTTIJCIMIJUZPG SBJO SPBEDPO
EFMBZT PV NJHIUUIFOBEEBOFYUSB*"fFFOPSUXFOUZNJOVUF
UulBUBMMPXBODFTIPVME CFEFQFOET PO IPXVODFSUBJO UIF KPV
BWPJECFJOH MBUF

'PVIBWFDPOTUSVODRWFIEEFB BUNDQBMONPENFIMNPSOJOH S5IF NPEFM |
SFQSPEVDFFWFSZEFUBIJM PG SFBMJUZ *OTUFBE JUJEFOUJ/MFT
UPHVJEFBEFDJTJPO

'JHVSF "DPODFQUVBM JMMVTUSBUJPO PG TIPSUFTU QBUITFB
SFQSFTFOUFEBTB XFJHIUFEHSBQI S5IFHSFFOBOE SFENBSLFST EFC
XIJUF MJOF TIPXTUIFTFMFDUFE SPVUF BOEUIFDPMPVSFE SFHJPOT
EVSIOHUIFTFBSDI %JKLTUSB%TBMHPSJUINJT B GPVOEBUJPOBM I
LIOEPG QSPCMFN BMUIPVHINPEFSO OBWJHBUJPOBQQMJDBUJPO!
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JTFEBSPVOEMPDBUJPOT SPVUFT BOEUSBWFM UJNFFTUJNBU
UPPMLJUGPSTVDITZTUFNT JODMVEFT

e(FPNFUSZBOEDPPSEJOBQFATZAIWFENMNPDBUIJPOT EJTUBODFT BO
e(SBQIUIFPBEQSFTFOUT JOUFSTFDUJPOT BT WFSUJDFTBOE SPBE

e0QUJINJTBUJPO BVMGIPEYBUNDOH %JKLTY SBBETBMHBSDUGWYS F DJF
SPVUFTUISPVHIUIF SFTVMUJOH OFUXPSL

€e4UBUJTUJDT B OEMDBMDWVMBTUF USBWFM UJNFT BOE BDDPVOU GP

3+ /JFUP



.BUIFNBUJDTJO UIF .PEFSO 8PSME ."5)&."5*$4 */ 063 803-%

SIFFTUIJNBUFE KPVSOFZUJNF DPNFT GSPNBNBUIFNBUJDBM N
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'JHVSF "GSBNNVGSGEEN /MNGASIUSBUJOH WIFHPMEFO SBUJP
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3+ /JFUP



.BUIFNBUJDTJO UIF .PEFSO 8PSME ."5)&."5*$4 */ 063 803-%

»

-FURT VOQBDL UIJT EFf"OJUJPO j4VIQEIPRMIERF M 68U MBUIFERMNHAB BB UF S
TFHNFOBWF MEBEBBIUIF MFTTESI BMHNVERMWHE XIPMF TFHWMIFF®DU

IBTMFOHBU&VDMIERT EFfAOJUJPO TUBBUFEHBSIBBRNBIEBYIFRIB DP NN
WBMVFJTUIFHPMEFO SBUJP VTVBMMMAEFOPUFE CZ UIF (SFFL MF

51 JT SFMBUJPOTIJQBMMPXTVTUPDEMDVMBUF UIFOVNFSJDBM V

o » »
o C

0]

VMUJQMZBOWRKIL ( SIFRVBESBUJD GPSNVMB QSPEVDFT UXP S
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S5IF'JCPOBDDJ4FRVFODF

'JCPOBDDJ OVNCFSTBSJTFJO NBUIFNBUJDBM EFTDSJQUJPOT F
TPNFBSSBOHFNFOUT PG MFBWFT QFUBMT BOETFFET 5IFJS B
QBUUFSOTEPPDDVS UIFZDBOFNFSHF GSPN MPDBM SVM*T HPW F ¢

'JHVSF "GSBNFNGEEN /MNMGASITUSBUJOH UIF '$CPOBDDJ TFRVF
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4QJSBMTIFMMT TVDBB/TUBMNWYAP PESONMFFE UP JM MV BURIEUTF B QIFT JE
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GPMMPXTUIF'JCPOBDDJTFRVFODFPSUIFHPMEFO SBUJP FYBDL

5IF HPMEFO SBUJP BOE UIF 'JCPOBDDJ TFRVFODF BSF DMPTF
SFMBUJPOTIJQ MFUVTEF*"OFUIFTFRVFODF GPSNBMMZ
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S5IF SBUJPTBMUFSOBUF BOPPSBXBOE QERMIRIFTTIWFMZ DMPTFS UP L
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'SPN1BUUFSO UBRS®FPGBIJOH TFWFSBM SBUJPTBOE VTJOH UIF QBU
BOFYBNQOMEVWVOIUIWF SEFBRFWIEHODF TVHHFTUT B HFOFSBM DPC
NBOZFYBNQMFTDBOOPUQSPWF B DMBJN BePBAUDWIFWOSBBFRO2
JOTUFBE CFHJOT XJUI EF*OJUJPOT BDDFQUFE GBDUT PSDMFBSM
TUFQT UP SFBDIBDPODMVTJPO S5IFEJTUJODUJPO NBUUFST B Q
QSPPGFYQMBJOT XI1ZJUNVTUCFUSVF
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SIJTTQEBDJOHJTBTTPDJBUFE XJUIUIFGBNJIJMJBS'JCPOBDDJ MJI
PUIFSQMBOU TUSVDUVSFT

S5SIJTQBUUFSOJTBHFOVJOF TVCKFDU PG SFTOABLE DU JOPNBAH ON
CFUSFBUFEBTBVOJWFSTBM SVMF /PUFWFSZQMBOU GPMMPXT

/PO FYBNBOBBBHYVNFOUBCPWFJTPOMZPOF SPVUFUPUIFSFTVMU OUIFS N
MJOFBS BMHFCSB MFBEUPUIFTBNFDPODMVTIJPO "DPSSFDUBOEDMFBSMZ
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GFFMGSFFUPVTFPOFJG ZPVDBO KVTUJGZ JU

3+ /JFUP



.BUIFNBUJDTJO UIF .PEFSO 8PSME ."5)&."5*$4 */ 063 803-%

'JHVSF "GSBVUNGEEN /UMOMASTUSBUJOH B HPMEFO BOHMF QBUUF
I FBE><

DBMDVMBUFFS UIFQBUUFSO DBO FNFSHF GSPNCJPMPHJDBM H
BNPOHEFWFMPQJOH TUSVDUVSFTJO MINJUFE TQBDF

"XPSEPGDBVUFMHPMEFO SBUJPBQQFBSTJO TPNF OBUVSBM QBU
PfFFOFYBHHFSBUFE 'BDFT QBJOUJOHT CVJMEJOHT TIFMMT |
aHPMEFOA&4 XJUIPVUTV DJFOU FWJEFODF

'JHVSF 5|F1BSUIFGPOMIO PYHRF DFCVIJMEJOHJTP-FO TBJE UP IBW
BSPVOEUIFHPMEFO SBUJP [JTUPSJDBM BOE HFPNFUSJDBM FWJEF(

"TIBQFUIBUMPPLTBQQSPYJNBUFMZHPMEFOJT OPU FWJEFOD
PSUIBUJUDBVTFEUIFTIBQFUP GPSN "NBUIFNBUJDBM DMBJN TIF
SFQSPEVDJCMF NFBTVSFNFOUT BOEUXIFO CJPMPHZJTJOWPMW
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