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| Sestaveni programu |

Proces sestaveni programu je rozumné zautomatizovat:
e stejné jako jakykoliv opakujici se proces
e protoze je to rychlejsi, spolehlivéj§i a méne otravné

Spousta ndstroju:
e C/C++ - Make, CMake...
e Java - Ant, Maven, Gradle...
e JS - Grunt, Gulp, Yarn

® (A to vie tfeba na néjakém Cl serveru a napojené na GIT -
Jenkins, Travis)
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| make |

Automatizace prekladu (nejen) programu

e Nezdvisly na jazyku, multiplatformni, provérfeny Casem
Q977)

Detekuje zmény a prelozi pouze zménéné Casti
Pravidla v souboru GNUmakefile, makefile, Makefile

Makefile se sklada z:
e cili (targets)
e zQvislosti (prerequisites)
e prikazl pro vytvoreni cild ze zavislosti (recipes)
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| make |

Priklady pouziti:
make (cill) (cil2)
e vykona cill a cil2 (vychozi je prvni cil zapsany v Makefile)
make --always-make (cil) / make -B (cil)
e vykond vse, tj. preloZi i nezménéné soubory
make --just-print (cil) / make --dry-run (cil) / make -n (cil)
® pouze vypise, co by se délo, ale nic rediné nespusti
make --jobs (pocet) (cil) / make - (pocet) (cil)
* spousti prikazy paralelné (az dany pocet pfikazl, pfipadné
bez omezeni)
make --print-data-base (cil) / make -p (cil)
* navic vypise proménné pravidla...
make --makefile rules.mk (cil) / make -f rules.mk (cil)
* pouzije pravidla z jiného souboru nez Makefile
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| Makefile | BEH

Obsahuje definice cill, zavislosti a pfikazd

 # MyProject Makefile

2 all: main.o

3 gcc —-o myproject main.o
4

s main.o: main.c

6 gcc —c main.c
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| Makefile | BEH

Obsahuje definice cill, zavislosti a pfikazd

\ # MyProject Makefile
2 all: main.o
3 gcc —-o myproject main.o

s main.o: main.c
6 gcc —c main.c
Hcile M zAvislosti M prikazy

1 # Obecné:

> cill: zavislostl zavislost2
3 prikazl

4 prikaz?2
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| Makefile | BEH

Obsahuje definice cill, zavislosti a pfikazd

\ # MyProject Makefile
2 all: main.o
gcc —o myproject main.o

s main.o: main.c
gcc —c main.c

Hcile M zAvislosti M prikazy

1 # Obecné:

> cill: zavislostl zavislost2
prikazl

prikaz2

Prikaz musi byt odsazen pomoci tabuldtoru!
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| make |

Co se stane po spustéeni make?

© Pokud neni zaddn cil, najdi prvni (typicky a11)
® Aktualizuj jeho zavislosti

® Pokud se alespon jedna zdvislost zménila, vykonej uvedené
prikazy

1 # MyProject Makefile

> all: main.o

3 gcc —-o myproject main.o
4

s main.o: main.c

6 gcc —-c main.c
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| make |

Co se stane po spustéeni make?
© Pokud neni zaddn cil, najdi prvni (typicky a11)
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1 # MyProject Makefile
2 all: majn.o
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s main.o: main.c
6 gcc —-c main.c
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| make |

Kazdy fadek piikazl se spousti v samostatném shellu
e pripadné komentdre make nefesi — cely fadek predd shellu

e zména adresdre, proménnych apod. se nepfenese do
dalsiho pfikazu

® je nutné je zietézit
Smaze soubory *.a v aktudini sloZce:

clean—-1libs:
cd libs
rm —-f *x.a

Smaze soubory *.a v podslozZce libs:

clean-libs:
cd libs && rm —-f *.a
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| Trochu slozit&jsi (ale stdle jednoduchy) Makefile |

1all: hello

2

s hello: main.o util.o

4 gcc —g -Wall -std=cll -o hello main.o util.o
5

s main.o: main.c

7 gcc —g -Wall -std=cll -c main.c

8

s util.o: util.c

10 gcc —g -Wall -std=cll -c util.c
1

12 clean:

13 rm —-f hello x.o
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| Trochu slozit&jsi (ale stdle jednoduchy) Makefile |

1all: hello

2

s hello: main.o util.o

4 gcc —g -Wall -std=cll -o hello main.o util.o
5

s main.o: main.c

7 gcc —g -Wall -std=cll -c main.c

8

s util.o: util.c

10 gcc —g -Wall -std=cll -c util.c
1

12 clean:

13 rm —-f hello x.o
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| Trochu slozit&jsi (ale stdle jednoduchy) Makefile |

1all: hello

2

3 hello: main.o util.o

4 gcc —g -Wall -std=cll -o hello main.o util.o
5

s main.o: main.c

7 gcc —g —-Wall -std=cll -c main.c

8

s util.o: util.c

10 gcc —g -Wall -std=cll -c util.c
1

12 clean:

13 rm —-f hello x.o
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| Trochu slozit&jsi (ale stdle jednoduchy) Makefile |

1all: hello

2

3 hello: main.o util.o

4 gcc —g —-Wall -std=cll -o hello main.o util.o
5

s main.o: main.c

7 gcc —g —-Wall -std=cll -c main.c

8
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10 gcc —g —-Wall -std=cll -c util.c
1

12 clean:
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PROMENNE )
UNIVERZALNI A IMPLICITNi PRAVIDLA




| Proménné | E

CC = gcc Automatické proménné
CFLAGS = -Wall --std=cll $@ Cil
CXX = g++ $< Prvni zAvislost
CXXFLAGS = -Wall --std=c++11 $7? V8echny zdvislosti novéjsi nez cil
LDLIBS = -lzip -1z $~ VSechny zdavislosti bez duplicit

S+ Vsechny zavislosti v&. duplicit
EXECUTABLE = hello $(@D) $(<D) $(~D) $(+D) Jména sloZzek

OBJS = main.o util.o log.o $ (RF) $ (<F) $(~F) $ (+F) Jména soubord

# konkatenace
CFLAGS += -03

Proménné se dd pouzit prakticky kdekoliv:

all: $(EXECUTABLE)
$ (EXECUTABLE) : $ (OBJS)
$(CC) S (FLAGS) -o $Q@ $”~ $(LDLIBS)
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| Proménné I

Obsah proménné se vyhodnocuje oz pii pouziti:

CFLAGS = $(include_dirs)
include_dirs = -Ifoo

Ale pozor na rekurzi:
CFLAGS = $(CFLAGS) -Ibar
Operdtor := vyhodnoti obsah proménné ihned:

CFLAGS := $(CFLAGS) -Ibar

https://www.gnu.org/software/make/manual/html_node/Flavors.html
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| Pouziti proménnych I

1all: hello

2

3 hello: main.o util.o

4 gcc —g —-Wall -std=cll -o hello main.o util.o
5

s main.o: main.c

7 gcc —g —-Wall -std=cll -c main.c

8

s util.o: util.c

10 gcc —g -Wall -std=cll -c util.c
1

2 clean:

13 rm —-f hello x.o
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| Pouziti proménnych I

EXECUTABLE = hello
2 CC = gcc
3 CFLAGS = —-g —-Wall —--std=cll

s all: hello

7 hello: main.o util.o
8 gcc —g —-Wall -std=cll -o hello main.o util.o

o main.o: main.c
n gcc —g -Wall -std=cll -c main.c

s util.o: util.c

14 gcc —g —-Wall -std=cll -c util.c
15

16 clean:

17 rm —-f hello x.o
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| Pouziti proménnych I

EXECUTABLE = hello
2 CC = gcc
3 CFLAGS = —-g —-Wall —--std=cll

s all: $(EXECUTABLE)

7 $ (EXECUTABLE) : main.o util.o
8 $(CC) $(CFLAGS) -o $@ s$»

o main.o: main.c
1 S(CC) S (CFLAGS) -c s©

s util.o: util.c

14 $(CC) S$(CFLAGS) -c $°

15

16 clean:

17 rm —-f $(EXECUTABLE) *.0
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| Pouziti proménnych I

EXECUTABLE = hello
2 CC = gcc
3 CFLAGS = —-g —-Wall —--std=cll

s all: $(EXECUTABLE)

7 $ (EXECUTABLE) : main.o util.o
8 $(CC) $(CFLAGS) -o $@ s$»

o main.o: main.c

1 S (CC) S (CFLAGS) -c $A\

. . tato pravidla jsou de facto stejnd
3 util.o: util.c k(/

14 $(CC) S$(CFLAGS) -c $°

15

16 clean:

17 rm —-f $(EXECUTABLE) *.0
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| Univerzalni a implicitni pravidla I

Lze psat univerzalni pravidla pomoci znaku %

%.0: %.C
$(CC) $(CFLAGS) -c S<

Make mad v sobé zabudovanou sadu implicitnich pravidel:

$ (CPPFLAGS) $(CFLAGS) -c

%.c, %$.cpp, %$.C = %.0
(CXX) $(CPPFLAGS) $ (CXXFLAGS) -c

(CC) $(LDFLAGS) n.o $(LOADLIBES) $(LDLIBS)

https://www.gnu.org/software/make/manual/html_node/Catalogue-of-Rules.html
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| Pouziti univerzdlnich pravidel I

EXECUTABLE = hello
2 CC = gcc
3 CFLAGS = —-g —-Wall —--std=cll

s all: $(EXECUTABLE)

;7 $ (EXECUTABLE) : main.o util.o
8 $(CC) $(CFLAGS) -o $@ s$»

0 main.o: main.c
1 S (CC) S (CFLAGS) -c s©

s util.o: util.c

14 $(CC) S$(CFLAGS) -c $°

15

16 clean:

17 rm —-f $(EXECUTABLE) *.0
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| Pouziti univerzdlnich pravidel I

1 EXECUTABLE = hello

2 CC = gcc

3 CFLAGS = —-g —-Wall —--std=cll
4

5 all: $(EXECUTABLE)

6

7 $(EXECUTABRLE) : main.o util.o
8 $(CC) $(CFLAGS) -o $@ s~

0w %.0: %.
(

C
1 S (CC) S (CFLAGS) -c s©

6 clean:
17 rm —f $(EXECUTABLE) *.0
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| Pouziti implicitnich pravidel |

1 EXECUTABLE = hello

2 CC = gcc

3 CFLAGS = —-g —-Wall —--std=cll
4

5 all: $(EXECUTABLE)

6

7 $(EXECUTABRLE) : main.o util.o

12 # 8 vyuZitim zabudovanych pravidel neni treba psat skoro nic

16 clean:
17 rm —f $(EXECUTABLE) *.0
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| Srovndni pdvodniho a zkrdceného Makefile | iHEd

1 1 EXECUTABLE = hello
2 2 CC = gcc
3 3 CFLAGS = —-g -Wall --std=cll
4 4
5 all: hello 5 all: $(EXECUTABLE)
6 6
7 hello: main.o util.o 7 $(EXECUTABLE) : main.o util.o
8 & g—Watt te=ett ettt 8
maino—utitl-o
9 9
10 meip—or—main-—c 10
1 S g—Watt—-sta=ett et 1
12 12
13 geit-eor—utite 13
14 S g—Watt td=ctt Sacr=s 14
15 15
16 clean: 16 clean:
17 rm —-f hello .o 17 rm —-f $(EXECUTABLE) *.0
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| Funkce |

Volani funkct:

$(function argl,arg2,arg3 ...)
Napfiklad:

SOURCES = $(wildcard *.c)

OBJS = $(patsubst %.c,%.0,S$ (SOURCES))

USERNAME := $(shell whoami)
HOSTNAME := $(shell hostname)

https://www.gnu.org/software/make/manual/html_node/Functions.html
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| pkg-config | KRG

Program poskytujici informace o nainstalovanych knihovndch,
umoznuje automaticky nastavit prekladac.
Pouziti v Makefile:

CFLAGS += $(shell pkg-config —--cflags libzip)
LDLIBS += $(shell pkg-config —--1libs libzip)

Do CFLAGS prida:
-I/usr/lib/libzip/include
Do LDLIBS prida:

-lzip -1z
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| .PHONY N [FiT

Specidini cil . PHONY umoznuje definovat, které cile se maji
provést vzdy bez ohledu na existenci soubord.

.PHONY: clean
clean:
rm —-f $(EXECUTABLE) *.0

Pokud by chybéla definice .PHONY a existoval by soubor clean,
prikaz by se nevykonal.

https://www.gnu.org/software/make/manual/html_node/Special-Targets.html

Sestaveni programut, Make | 20/26


https://www.gnu.org/software/make/manual/html_node/Special-Targets.html

| vpath |

Rika, kde se maji hledat zavislosti cild.

Projekt
+— doc
l— doc.tex
# vSechny typy souboru
VPATH = doc src include +— srcC

. . P +— main.c
# jen nékteré typy

vpath %.c src +— modul.c
vpath %.h include
vpath %.tex doc —util.c

) +— include
modul.o: modul.c modul.h util.h

$(CC) $(CFLAGS) -c $< +— modul.h

— ytil.h

— Makefile

http://make.mad-scientist.net/papers/how-not-to-use-vpath/
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| Generovdani zavislosti I

gcc umi vygenerovat cile a zavislosti pro Makefile
gcc -MM *.cC
Vystup je napfiklad:

dtsp.o: dtsp.c dtsp.h random.h config.h load.h
load.o: load.c config.h load.h dtsp.h random.h
main.o: main.c dtsp.h random.h config.h load.h

Google: make auto dependency gcc mm
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| Priklad Makefile |

LOGIN = xwiglaOO0

SERVER = merlin.fit.vutbr.cz
SERVER_DIR = ~/KRY/projl

ZIP_FILE = $(LOGIN) .zip

.PHONY: all pack run clean upload

5w N =

o

7 all: $(EXECUTABLE)
8 pack: $(ZIP_FILE)
9 run: $ (EXECUTABLE)

10 ./$ (EXECUTABLE) $ (ARGS)

1 $(EXECUTABLE) : $(OBJS)

12 clean:

13 rm —-f $(EXECUTABLE) *.o0 $(ZIP_FILE)

14 $(ZIP_FILE): x.c =.h Makefile doc/doc.pdf

15 zip —-j S@ $°

16 upload: $(ZIP_FILE)

17 scp $”~ $(SERVER) :$ (SERVER_DIR)

18 ssh $(LOGIN)@S (SERVER) \

19 "cd $(SERVER_DIR) && unzip $° && make"

Sestaveni programt, Make | 23/26



| Priklad Makefile - dalsi uziteCné cile | G

valgrind: $(EXECUTABLE)
valgrind ./$ (EXECUTABLE) $ (ARGS)

gdb: $(EXECUTABLE)
gdb -ex ./$(EXECUTABLE) —--args $ (ARGS)

leaks: $(EXECUTABLE)

valgrind —--track-origins=yes —--leak-check=full \
—-show-reachable=yes ./$ (EXECUTABRLE) $ (ARGS)
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| Priklad Makefile - dalsi uziteCné cile | G

valgrind: $(EXECUTABLE)
valgrind ./$ (EXECUTABLE) $ (ARGS)

gdb: $(EXECUTABLE)
gdb -ex ./$(EXECUTABLE) —--args $ (ARGS)

leaks: $ (EXECUTABLE)

valgrind —--track-origins=yes —--leak-check=full \
—-show-reachable=yes ./$ (EXECUTABRLE) $ (ARGS)

Proménnd Ize nastavit i pfi spusténi programu make.

$ make gdb ARGS=’--input /foo/bar’
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| Literatura |

* Prezentace - Michal Wiglasz <iwiglasz@fit.vutbr.cz>

® http://www.fit.vutbr.cz/~martinek/clang/make.html

® https://www.gnu.org/software/make/manual/html_node/

® http://make.mad-scientist.net/papers/rules-of-makefiles/

® https://www.cmcrossroads.com/article/basics-vpath-and-vpath

® http://make.mad-scientist.net/papers/how-not-to-use-vpath/
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