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Introduction &
Installation
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What is Make?

o Make: —PHINMLME T H, @Id32E Makefile SREVE WA gRiIFFRER .
o Makefile: Make MECE X (ERIANBFR Makefile), FHIAR T SR 2 [AIAYMKHIOC R,

Makefile &4 C/C++ 1&1t, (HIEH TAEMET SRR E RS (W LaTeX, Java <),

MR FHREXHZTEEEFR “Frm ", Makefile Bt 2 E PRI gHACH,
CMake. XMake T H., #tilE C /C++ :@Ehn.ﬂﬂﬁﬁ% =

|
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Installing Make

Via Package Manager (Ubuntu)

@Tﬁ'@é\ﬁ: bui ld-essential EPO

{: sudo apt install make

Compiling from Source (i&

J 2?2 Make 4.4+ X} .NOTPARALLEL ZFF8E4f, Ubuntu 24.04 ERIAJZE 4.3,

157%)

-

tar -xzvf make-4.4.1.tar.gz
./configure --prefix=/usr/local
make && make install

wget https://ftp.gnu.org/gnu/make/make-4.4.1.tar.gz # 1.

# 2.
# 3.
# 4.

Download
Extract
Configure

Build & Install




0. The Hard Way
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AL
={Ri%
BREFATE —ME Ay CH T H -

® main.cpp:i%ﬁ?
® utils.cpp: L ELPRZESCZIN
o utils.h: T EPREHBH

FhimiF

[ g++ main.cpp utils.cpp -0 app }

5]

1. 8Hi: BEREREK ML, (A PAEE S UEIAK g L)
2 KA B EELT main.cpp, utils.cpp WMEWHETHMWIF (EEHRIF).




1. Basic Rules
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Makefile B9#Z:i0»: #10 (Rules)

Target (B#%): Dependencies (ki)
Command (#<¥) <-- @wAZLA TAB FFk

FKIBYE—1 Makefile

all: main.cpp utils.cpp
g++ main.cpp utils.cpp -0 app

MY T T miEmS—— N NS # T Makefile,
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Make HEE: IE=HiF

BATE % EmEi Makefile 25 i E S FHETER::

4 N

app: main.o utils.o
g++ main.o utils.o -0 app

main.o: main.cpp utils.h
g++ -C main.cpp -0 main.o

utils.o: utils.cpp utils.h
g++ -c utils.cpp -0 utils.o

- J

1E£IX~ Makefile #1, AR RBYGmIFIL ISR 97 6K T /N Targets, & Target AT EK—1TX
s
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Make &= EERF
Make & “Wifg" 19 (H2HEHHRY) :

1. Target NMEE: HUTAZ,

2. Target f#4£: & BRIE (Timestamp),

o {NR{Ef— Dependency Lt Target 7 -> HFigwiF,
o YR Target [LATH Dependency #i#HT -> Bkid,

IXAE, ANSEREATEAB main.cpp, EHMNIARIHT Makefile, N Make H<=E% main.o 1 app, MAS=E
7 utils.oo

11/ 31



2. Variables



CS100 Tutorial 13 Fall 2025

;HBSFEYRES (Hardcoding)
LT Makefile fE4IEE g SIE T, WA clange A2

EHEE

4 ~

CXX := g++
CXXFLAGS := -Wall -g
app: main.o utils.o
S(CXX) main.o utils.o -o app
main.o: main.cpp utils.h
S(CXX) S(CXXFLAGS) -c main.cpp -0 main.o
# ...

N J

o SEN: VAR := value
o 5|FH: $(VAR) BX ${VAR}
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FEMWELRN

o := (Simple/Immediate) HEFZERIMERD) -

o SLRPJEI, E XIEUEE, ML CH Y B{ET,
e = (Recursive):

o JEfGJEH, ERNATEME, ML CH /Y &5,

- D
X = foo
Y = S(X) bar # Y EFHEHNEFRIEIX "S(X) bar", FRITELSE
X = baz # 1B X
all:
@echo S(X)"  # %miH: baz
@echo S(Y)" # %#it: baz bar (ERBYAREFH, FRLIBHFHEY X)

- J

e 7= (Conditional):
o WA EAE N, NMKE, FHTRWFH @l aS1TE S E,
o JFRIEGTENSHHIBIMERE!
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Bt EE SR
B L cpp BRELE — ALK BRI T,
Pattern Rule (FEz{U#R0)

{5 % IBEACAT :

%.0: %.cpp
S(CXX) S(CXXFLAGS) -c $< -0 S@

Automatic Variables (Bt ZE =)

o $@: Target (HARIF)
e $<: First Dependency (55— M)
e $r: All Dependencies (Fi&fik#)

15/ 31
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BahfAailEx ¥
MEXHIRZ, Fo5H main.o utils.o ... HHIRE,

= R EKER
o wildcard: FFHVLHACHY ST

{ SRC := S(wildcard *.cpp) # Z5%: main.cpp utils.cpp J

® patsubst: PO,

-

{ 0BJ := S(patsubst %.cpp, %.0, S(SRC)) # £5%R: main.o utils.o

16 / 31
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The shell Function (Shell E%%)

wildcard IREER, BRERNTFEEHH AN WHEHEHR. RFEaill), iXiHe, FATa] DAMER shell
KEAH RS ML

# Platform
UNAME := S(shell uname -s)

# Source directory
SRC_DIR := src
SRCS := S(shell find S${SRC_DIR} -name )

- J

Makefile 4T uname -s 1 find ..., FEKHESRKELT &,

17 / 31



3. Header
Dependencies
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The Problem: Header Files

Yise: IRIBELT utils.h, {BEEEIK main.cppo
ZE . Make AN main.o BE&HTH, AE=HIgiE,
JiiAl: Makefile HAIE main.o: main.cpp, PHEIE T ILAER utils.h,

BATFTRELL Make Ha)#ESIX KRR !

19 / 31
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Solution: Automatic Dependency Generation

Ji B

1. 9aPEH: JmiEes (gec/gt+) S0AT #include, AERAKRERSCEE (Ld),
2. U Makefile £/ -include F§21EUXEE d X,

X9t Flags:

o -MMD: A ARARHTS A (RIS AR GTLSLF)o
o -wp: NSRS RN EIAR (B LEMIPRSA S 18 ) o

20 / 31



CS100 Tutorial 13 Fall 2025

Implementation
4 I
DEPFLAGS := -MMD -MP
# 1. 7E4miEas<HN0N DEPFLAGS
%.0: %.cpp
S(CXX) S(CXXFLAGS) $(DEPFLAGS) -c $< -0 $@
# 2. SINERBIAFEISXE (.d)
# A "-" REXHEAEFEENEIR (BREEN)
DEPS := $(0BJ:.0=.d)
-include S(DEPS)
- J

21 /31
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How it works

ZW12E main.cpp N, ZEAK main.d:

main.o: main.cpp utils.h
utils.h:

Makefile $i47 -include main.d }ﬁ, NAZRRSE AN T aY R,
AE, B2 utils.h =%z main.o EHH!

22 /31



4. Phony Targets
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.PHONY ({5B#%R)
BLEEHIRA RN TAEMSE, MRt UTIHE AR, 1217),

e ™
.PHONY: clean run

clean:
rm -f app *.o

run: app
./app
\ J

o JH2EH] .pHoNy?
o WRINEHAE — XN clean, make clean 2PN BAREZEA AT,
o mHAN .PHONY 5] Make ZEE B E, BEHITMS,
o KW, H—Y{f BFREMREAIN CHRNEBHR, NEFEREHTBITMAMBHRAR, el DAFN
.PHONY ,

24 / 31



5. Advanced Features
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% (Macros)

TEX AT, FHHEERIPHE,

/
define NOTIFY_DONE

@echo "Build [$@] Completed!"

endef

app: $(0BJ)
S(CXX) $(0BJ) -o app
S(NOTIFY_DONE)

@echo "o "

@echo "o "
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£ {4#Iifr (Conditionals)
IRIE L m(ENMEATN (U Debug/Release 1550),

e ™
DEBUG 7= 1
ifeq (S(DEBUG), 1)
CXXFLAGS += -g -00
else
CXXFLAGS += -02
endif
N\ J

{1 : make DEBUG=0 (P& Release i)
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A SN

ip < B4y

(Command Prefixes)

FEdilan < HY [ AT RS IR AL HE,

o @ EEAIIIT, HUmHan AR, ATEIaTAE,
o -: BMEER, RIMEATSRIM (AIMBRATFERISAE), tHERL:

-

clean:
-rm
@echo

*

.0

# BMEX A FEE AR

# D%H "Clean Done!"
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BIMFEZE (Target-specific Variables)

OB MR HAME AR 2 AH
4 N

# ZRIAE Release
CXXFLAGS := -02

# 1T make debug BY, CXXFLAGS &=iBfN -g
debug: CXXFLAGS += -g
debug: app

- J

X R BB E R
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Summary

FATHY CS100 HW 7 B Makefile SREMZRIFERIE, B iX IR E ] DA B RS 5 4 1Y B g Al
{#FH Makefile~

IXZHARY) CS100 Tutorial FEEX B, HARFFEI A, TiH k!




