Build tools



Compilers



e Proprietary
= [ntel C++ Compiler (ICC, 1970°s?)
= Microsoft Visual C++ (MSVC, 1993)
= ARM Compiler (ARMCC, 2005)
= AMD Optimizing C/C++ Compiler (AOCC, 2017)

e Open source
o Compiler Collection (GCC, 1987)
= [ VM (2003-)



e 2014: ARM Compiler rebased on LLVM

e 2017: AMD Compiler was always based on LLVM

e 2021: Intel C++ Compiler rebased on LLVM



e Microsoft Visual C++

» default on MS Windows (in MS Visual Studio)

» default on most open source OSs
e LLVM (for C/C++: Clang)
» base for hardware vendor compilers (Intel, ARM, AMD, nVidia)

s default on MacOS, iOS (in Apple X Code)

» default for native applications on Android



ront-end (parses and analyses code - language-specific)

ntermediate representation (IR) (most code optimization happens here)

Back-end (writes assembly or machine code - ISA-specific)

LLVM frontends:
= Cand C++ (Clang), Fortran (Flang), Rust, Zig, Swift
LLVM backends:
n Intel/AMD/ARM compilers, nVidia CUDA compiler, AMD ROCm



define dso_local noundef i32 @square(int)(i32 noundef %num) #0@ !dbg !10 {
entry:
%num.addr = alloca 132, align 4

store i32 %num, ptr %num.addr, align 4
call void @llvm.dbg.declare(metadata ptr %num.addr, metadata !16, metadata !DIExpression()), !dbg !17

%0 = load 132, ptr %num.addr, align 4, !dbg !18
%l = load 132, ptr %num.addr, align 4, !dbg !19
%mul = mul nsw 132 %0, %1, !'dbg !20
ret 132 %mul, !dbg !21

}

declare void @llvm.dbg.declare(metadata, metadata, metadata) #1

attributes #@ = { mustprogress noinline nounwind optnone uwtable "frame-pointer"="all" "min-legal-vector-width"="@" "no-trapping-math"="true"
"stack-protector-buffer-size"="8" "target-cpu"="x86-64" "target-features"="+cx8,+fxsr,+mmx,+sse,+sse2,+x87" "tune-cpu"="generic" }

attributes #1 = { nocallback nofree nosync nounwind speculatable willreturn memory(none) }



Compiling



Use man gcc / man clang for help.

Compile and link:

gcc -0 executable source_code.c

Compile only:

gcc -c -o file.o file.c

Link only

gcc -0 executable file@.o filel.o file2.o0 file3.o

Write assembly

gcc -S assembly.S source_code.c

Internally, gcc runs other tools (assembler: as, linker: 1d)



e Enable warnings:

gcc -Wall -c -o file.o file.c

e Enable optimization:

gcc -Wall -03 -c -o file.o file.c



Install binutils:

e from Homebrew https://brew.sh/

brew install binutils

e or from MacPorts https://www.macports.org

port install binutils

Utilities may be prefixed by a g:
objdump —  gobjdump


https://brew.sh/
https://www.macports.org/

e hexdump dump hexadecimal representation of any file

» hexdump -C also print ASCII for valid ASCII bytes

= hexdump -C | less “pipe” outout to pager
» hexdump -C > file.hex write outout to a file
e objdump dump contents of object file
= objdump -p print object information (dynamically-linked libraries, symbols)
= objdump -M intel -d disassembles object file, prints assembly code

e oronline: http://godbolt.org


http://godbolt.org/

Editing code



e Text editors

e Code editors

e Integrated development environment (IDE)



B .bashrc - Notepad

File Edit Format View Help

# ~/.bashrc: executed by bash(1l) for non-login shells.

# see fusr/share/doc/bash/examples/startup-files (in the package bash-doc)
# for examples

# If not running interactively, don't do anything
case $- in
*1%) ;5
*) return;;
esac

# don't put duplicate lines or lines starting with space in the history.
# See bash(1l) for more options
HISTCONTROL=ignoreboth

# append to the history file, don't overwrite it
shopt -s histappend

# for setting history length see HISTSIZE and HISTFILESIZE in bash(l)
HISTSIZE=1888
HISTFILESIZE=2808

# check the window size after each command and, if necessary,
# update the values of LINES and COLUMNS.

shopt -s checkwinsize

# If set, the pattern "**" used in a pathname expansion context will
# match all files and zero or more directories and subdirectories.

Unix (LF)

Ln 23, Col 42




File Edit Options Buffers Tools Operate Mark Regexp Immediate Subdir Help

57 (global-set-key (Rbd "C-c a") 'screenwriter-action-block)

& (global-set-key (Rbd "C-c d") 'screenwriter-dialog-block)

)3 (global-set-key (Rbd "C-c t") 'screenwriter-transition)

50 (setg auto-mode-alist (cons '("\\.scp" . screenplay-mode) auto-mode-al®
Sist))

51 (setq auto-mode-alist (cons '("\\.md" . markdown-mode) auto-mode-alist#
S))

s
'

-+ w3m setup

(setg browse-url-browser-function 'w3m-browse-url)

(autoload 'w3m-browse-url "w3m" "Ask a WWW browser to show a URL." t)
(global-set-key "\C-xm" 'browse-url-at-point)

(setq w3m-use-cookies t)

)
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f ., LOAad ~/ .emacs.dsauto-complLete/etC/Lnstall.el
-:--—- .emacs  21%¥ Le8  (Emacs-Lisp AC Abbrev)
8 %% <2021-09-18 1300-16008> €096 Apr 18 2018
3 % Grocery €096 Apr 22 2015 ..
18 :CATEGORY : Food €843 Jul 2016 Eaa_elflibs-com
11 %% TODO Artichokes €844 Jul 2016 aaa_elflibs-comj
12 M+ TODO Bagels €533 Jul 2016 aaa_elflibs-comj
13 - Flour €284 Jul 2016 aaa_elflibs-comj
14 - Baking soda €181 Jul 2016 aaa_elflibs-comj
15 - Rochk salt € 82 Jul 2816 aaa_elflibs-com
16 ** Pretzels €258 Apr 2015 attr-compat32-2
17 €317 Apr 2815 attr-compat32-2
18 €716 Apr 2815 attr-compat3z-2
€420 Apr 2015 attr-compatiz
€138 Apr 2815 attr-compat32
€ 76 Apr 2815 attr-compat32-
€239 Apr 2015 bzip2-compat32--
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® 13/7 11.45 PM 0 41%
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h/Cargo.toml | h/.gitignore |

m

Press ? for help

(up a dir)
</Documents/projects/learn-rust/
g Uit
v [x]hello

» .git

¥ SIC

main.rs

» target
.gitignore
Cargo.lock
Cargo.toml
tags

tags

tags. lock

tags.temp

-— INSERT --

use rand::Rng;
use std::cmp::0Ordering;
use std::io;

fn main() {
let num = rand::thread_rng().gen_range(1, 101);
loop {
let mut guess = String::new();
io::stdin().read_line(&mut guess).expect("error");
let example = std::io0::stdl rustc: cannot find value "std 1n module "std::io"
stdin Function [LC] pub fn stdin() — Stdin
guess: usize = mat stderr Function [LC] pub fn stderr() — Stderr
Ok(num) = num, stdout Function [LC] pub fn stdout() — Stdout
Err(_) = continue,

1

match guess.cmp(&num) {
Ordering::Less = println!("Too small!"),
Ordering:: Greater = println!("Too big!"),
Ordering:: Equal = {
println!("You win!");
break;

}

m +0 ~0 -0 P masterE <rc/main.rs[+] rust utf-8[unix] 38% = 10/26 In : 35

not found

21 kBt
buffers

in

‘st




*C:\sources\notepad4ever.cpp - Notepad++ — 0

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window
S SN EIRE A 92 QA e o s =<0 kBr @

(] # notepad4ever.cpp [*] [x]

#include <GPL>
#include <free_software>

void Notepad4ever()

while (true)

y,
1

Notepad++ ;

length: 108 line{ln:8 Col:21 Pos: 102 Windows (CR LF) UTF-8




) File Edit Selection View Run Terminal Help extension.ts - myfirstextension - Visual Studio Code

@ EXPLORER extension.ts 1 X tsconfig.json

\ OPEN EDITORS src ? extension.ts > @ activate

X extension.ts
tsconfig.json

import as vscode from 'vscode';
v MYFIRSTEXTENSION P 2

> .vscode

> node_modules
W src activate(context: vscode.ExtensionContext) {

> test
extension.ts

.eslintrcjson
console.log('Congratulations, your extension "myfirstextension” is now active!');

.vscodeignore
9 context.

CHANGELOG.md
. @ asAbsolutePath (method) ExtensionContext.asAbsolut X
L) FEL SIS g7 © environmentVariableCollection ePath(relativePath: string): string

{} package.json @ extension
README.md & extensionMode Get the absolute path of a resource contained
tsconfig.json disp @ extensionPath in the extension.

& extensionUri
& globalState
vsco @ globalStorageUri
); & logUri
@ secrets
context. @ storageUri
&2 subscriptions

WES el R Sl Note that an absolute uri can be constructed
via and , €.g.
vscode.Uri.joinPath(context.extensionU

relativePath);

@param relativePath — A relative path to
a resource contained in the extension.

e SRR T @return — The absolute path of the resource.

> OUTLINE
> TIMELINE

®1A0 Ln12,Col 13 TabSize:4 UTF-8 LF {} TypeScript & 0




gedit
Kate
Sublime Text (paid)

many more...



T} Project Huild Cwebug

€ - Debug =~ Any CPU

% ConsoleApp1

| 18 World!");

Represents the standard input, output, and error streams for console applications.

@ Mo issues found

Entire Solution 0 Errors | | Ak 0 Warnings

Lode Descnption Froject

L] Ready

Analyze

i I Messages

ools ExXensions

Build + IntelliSense

File

Help Search (Chrl+0)

e B _

This class cannot be inherited.

Lm: 1 Ch: a4  SPC

Search Ermror List

Line ""|.I|':|'|Ir."'=.'=.ll"il'. atate

w
CRLF

3 X

P'

T* Add to Source Control =

P ConsoleAppl

Sign in

() =49

®-sE@O@
Search Solution Explorer (Ctrl+;)

Solution "ConsaleApp1' (1 of 1 project)
4 [25%] ConsoleApp1

P De pendancies

C# Program.cs

™ Select Repository =

Q




@ Xcode File Edit View Find MNavigate Editor Product Debug Source Control Window Help = L[] Q,

o000 B [ rravel ) 7 iPhone 11 Pro Travel | Build Travel: Succeeded | Today at 9:41 AM

_ﬂ"l ! Travel ' [l Travel [l Discover . DiscoverView. swift 8 DiscoverView

v B Travel import SwiftUl
. ReadMe.md
v Il Travel struct DiscoverView : View {
W Travelentitlements lat t i GlobeSceneController
B AppDelegate swift @State private var selection: Region? = nil
* Il Model
v [l Discover
B DiscoverView.swift
B DiscoverTileView.swift

some View |
let pagingScrollViewController =

SscConelLontroller.pagimngscrollilviowlontrollen
pagingScrollViewController.didChangeToPageHandler = { page in
B GlobeView swift self.selection = DataSource.shared.regions[page]
. DestinationsListView. swilt
B PagingScroliview.swift
B cCardsControlierswift return GeometryReader { container im
» [l Globe Scene return ZStack(alignment:
» I Plan GlobeView(
selection: self.S:

v [l Journal elec
sceneController: self.sceneCont

. Journal. storyboard
l StoryboardHostView. swift
B JournalView.swift PagingTilesView(

. JournalViewCaontroller. swift containerSize: container. &,

B JournalviewCell swift pagingScrollViewController: pagingScrollViewController
B JounalTableControllar.swift region in

B JournaiDetailTableviewCell. swift self.selection = region

. JournalPreviewViewCall, maift
l JournalHeaderView. swift

I JournaladdController. swift i{Color.|
. JournalmageP|cker swift

. RoundedCornerButton. swift

b Il Weather L4

-

o

San Francisco

-

v [l Login Screen struct PagingTilesView«<T> : View where T : PagingScrollViewController {
B Login storyboard let f : CG5ize

B LoginViewController.swift s it
. ForgotPasswordControllor. swifi ke - = 12 KBpgaon) =224

. ForgotPasswordController. xib .
var b : some View {

ForgotPasswordStatusyew. swilt F .
B Foro let tileWidth = ci




1° main

Project -

> [jdk17
CodeFormatting
) JavaAt25
SurroundWith
v [0 completion
CodeCompletion
DataFlowCompletion
HippieCompletion
JSONData
LiveTemplates
PostfixCompletion
) SqlQueryCompletion
> [ debugging

intellij-samples v [> IntelliJIDEA v

README.md ) CodeFormatting.java

package com.jetbrains.code;
import java.util.list;
@SuppressWarnings("unused")
public class CodeFormatting {
public void forceIfStatementsToHaveBraces(int someValue) {
if (someValue == 2)

System.out.println(someValue);

System.ouvt.println("Value is not two");




e PyCharm (Python, paid)

e Android Studio

KDevelop
QtCreator
Dev-C++

Spyder (Python)



IDE pros:

e one-click compile
e IDE aware of whole project
» can suggest code completions from different files

e integrated tools (e.g. debugger)

IDE cons:

e Project setup takes time and effort
e “Walled garden” problem

» By default, anyone who wants to compile your project needs the same IDE.



Build systems



e Option 1:

gcc -Wall -03 -c -o ggml.o ggml.c

gcc -Wall -03 -c -o ggml-alloc.o ggml-alloc.c

g++ -Wall -03 -c -o llama.o llama.cpp

g++ -Wall -03 -c -o common.o common/common.c

g++ -Wall -03 -c -o console.o common/console.c

g++ -Wall -03 -c -o grammar-parser.o common/grammar-parser.c

g++ -Wall -03 -shared -fPIC -o libllama.so ggml.o ggml-alloc.o 1llama.o \
common.o console.o grammar-parser.o

e Option 2
= Put above commands in a “shell script” file, e.g. compile. sh

= Run:

./compile.sh

= Problems:

o Difficult to modify (e.g. change compiler options)

o We recompile everything everytime



e |IDE integrated:
= Visual Studio

= Xcode

e Stand-alone:

®» make

» Bazel (based on Google’s internal tool Blaze) / Buck (Facebook)

= Ninja (Google, for Chrome)

= CMake (uses make, Ninja,...), gmake (uses make), Meson (uses Ninja, ...)



e Create afile named Makefile:

ggml.o: ggml.c ggml.h ggml-cuda.h
gcc -Wall -03 -c -o ggml.o ggml.c

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
gcc -Wall -03 -c -o ggml-alloc.o ggml-alloc.c

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
g++ -Wall -03 -c -o llama.o llama.cpp

common.o: common/common.cpp common/common.h build-info.h common/log.h
g++ -Wall -03 -c -o common.o common/common.cpp

console.o: common/console.cpp common/console.h
g++ -Wall -03 -c -o console.o common/console.cpp

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
g++ -Wall -03 -c -0 grammar-parser.o common/grammar-parser.cpp

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
g++ -Wall -03 -shared -fPIC -o libllama.so ggml.o ggml-alloc.o llama.o \
common.o console.o grammar-parser.o

e Run

make libllama.so



target: source@ sourcel source2 ...
recipe

Whenever one of the sources was modified after the target,
run the recipe (to rebuild the target).

Otherwise, consider target up-to-date and do nothing.

Beware:

recipe must be offset to the right using a TAB character!



We can create variables in a Makefile with

VARIABLE_NAME := string content of the variable

Then, $ (VARIABLE_NAME) can be used,
and will be expanded into  string content of the variable.

Example:

contents_of_my_variable.txt:
echo $(VARIABLE_NAME) > contents_of_my_variable.txt



ggml.o: ggml.c ggml.h ggml-cuda.h
gcc -Wall -03 -c -o ggml.o ggml.c

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
gcc -Wall -03 -c -o ggml-alloc.o ggml-alloc.c

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
g++ -Wall -03 -c -o llama.o llama.cpp

common.o: common/common.cpp common/common.h build-info.h common/log.h
g++ -Wall -03 -c -o common.o common/common.cpp

console.o: common/console.cpp common/console.h
g++ -Wall -03 -c -0 console.o common/console.cpp

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
g++ -Wall -03 -c -0 grammar-parser.o common/grammar-parser.cpp

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
g++ -Wall -03 -shared -fPIC -o libllama.so ggml.o ggml-alloc.o llama.o \
common.o console.o grammar-parser.o



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

ggml.o: ggml.c ggml.h ggml-cuda.h
$(CC) $(CFLAGS) -c -o ggml.o ggml.c

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
$(CC) $(CFLAGS) -c -o ggml-alloc.o ggml-alloc.c

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
$(CXX) $(CXXFLAGS) -c -o llama.o llama.cpp

common.o: common/common.cpp common/common.h build-info.h common/log.h
$(CXX) $(CXXFLAGS) -c -o common.o common/common.cpp

console.o: common/console.cpp common/console.h
$(CXX) $(CXXFLAGS) -c -o console.o common/console.cpp

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
$(CXX) $(CXXFLAGS) -c -0 grammar-parser.o common/grammar-parser.cpp

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
$(CXX) $(CXXFLAGS) -shared -fPIC -o libllama.so ggml.o ggml-alloc.o llama.o \
common.o console.o grammar-parser.o



e $(@) thetargetofthecurrentrule
e $(<) thefirstsource of the current rule

e $(~) allthesources of the current rule



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

ggml.o: ggml.c ggml.h ggml-cuda.h
$(CC) $(CFLAGS) -c -o ggml.o ggml.c

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
$(CC) $(CFLAGS) -c -o ggml-alloc.o ggml-alloc.c

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
$(CXX) $(CXXFLAGS) -c -o llama.o llama.cpp

common.o: common/common.cpp common/common.h build-info.h common/log.h
$(CXX) $(CXXFLAGS) -c -o common.o common/common.cpp

console.o: common/console.cpp common/console.h
$(CXX) $(CXXFLAGS) -c -o console.o common/console.cpp

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
$(CXX) $(CXXFLAGS) -c -0 grammar-parser.o common/grammar-parser.cpp

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
$(CXX) $(CXXFLAGS) -shared -fPIC -o libllama.so ggml.o ggml-alloc.o llama.o \
common.o console.o grammar-parser.o



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

ggml.o: ggml.c ggml.h ggml-cuda.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

llama.o: llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

common.o: common/common.cpp common/common.h build-info.h common/log.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

console.o: common/console.cpp common/console.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
$(CXX) $(CXXFLAGS) -shared -fPIC -o $(@) $(N)



Static pattern syntax:

target® targetl target2 ... : target-pattern : source-pattern
recipe

Target pattern contains %, which will match anything
Source pattern also contains %, which is replaced by the match in target

Example:

some_file.o other file.o third file.o : %.0 : %.c
recipe

is equivalent to:

some_file.o: some_file.c
recipe

other file.o: other _file.c
recipe

third_file.o: third_file.c
recipe



ggml.o: ggml.c ggml.h ggml-cuda.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

becomes
ggml.o ggml-alloc.o: %.0: %.c %.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

ggml.o: ggml-cuda.h # Additional sources
ggml-alloc.o: ggml.h # Additional sources



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

ggml.o: ggml.c ggml.h ggml-cuda.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

ggml-alloc.o: ggml-alloc.c ggml.h ggml-alloc.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

common.o: common/common.cpp common/common.h build-info.h common/log.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

console.o: common/console.cpp common/console.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

grammar-parser.o: common/grammar-parser.cpp common/grammar-parser.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
$(CXX) $(CXXFLAGS) -shared -fPIC -0 $(@) $(N)



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

ggml.o ggml-alloc.o: %.0: %.c %.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

ggml.o: ggml-cuda.h # Additional sources
ggml-alloc.o: ggml.h # Additional sources

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h llama.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

common.o console.o grammar-parser.o: %.o: common/%.cpp common/%.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

common.o: build-info.h common/log.h # Additional sources

libllama.so: ggml.o ggml-alloc.o llama.o common.o console.o grammar-parser.o
$(CXX) $(CXXFLAGS) -shared -fPIC -o $(@) $(N)



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

COBJS := ggml.o ggml-alloc.o

CXXOBJS_LLAMA := 1lama.o

CXXOBJS_COMMON := common.o console.o grammar-parser.o
CXXOBJS := $(CXXOBJS_LLAMA) $(CXXOBJS_COMMON)

# Build rules
$(COBJS): %.0: %.Cc %.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

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

$ (CXXOBJS_COMMON) : %.o0: common/%.cpp common/%.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<)

libllama.so: $(COBJS) $(CXXOBJS)
$(CXX) $(CXXFLAGS) -shared -fPIC -o $(@) $(N)

# Additional sources
ggml.o: ggml-cuda.h
ggml-alloc.o: ggml.h

llama.o: 1llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h

common.o: build-info.h common/log.h



e A“phony” target does not necessarily correspond to a file name:

.PHONY: clean

clean:
rm libllama.so

e |f no targetis provided to the make command, the default target is the first one. Acommon
patternis:

.PHONY: default

default: libllama.so



CC := gcc

CXX = g++
CFLAGSS := -Wall -03
CXXFLAGS := -Wall -03

COBJS := ggml.o ggml-alloc.o

CXXOBJS_LLAMA := 1llama.o

CXXOBJS_COMMON := common.o console.o grammar-parser.o
CXX0BJS := $(CXXOBJS_LLAMA) $(CXXOBJS_COMMON)
LIBTARGET := libllama.so

.PHONY: default clean

# Build rules
default: $(LIBTARGET)

clean:
rm -f $(COBJS) $(CXXOBJS) $(LIBTARGET)

$(COBJS): %.0: %.C %.h
$(CC) $(CFLAGS) -c -0 $(@) $(<)

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

$ (CXXOBJS_COMMON) : %.o0: common/%.cpp common/%.h
$(CXX) $(CXXFLAGS) -c -0 $(@) $(<x)

$(LIBTARGET): $(COBJS) $(CXXOBJS)
$(CXX) $(CXXFLAGS) -shared -fPIC -o $(@) $(N)

# Additional sources

ggml.o: ggml-cuda.h

ggml-alloc.o: ggml.h

llama.o: llama.cpp ggml.h ggml-alloc.h ggml-cuda.h ggml-metal.h
common.o: build-info.h common/log.h






e The syntax is:

$(shell any-shell-command)

e Forexample:

TODAY := $(shell date)
C_FILES := $(shell 1s *.c)



The syntax is:

$(variable:pattern=replacement)

The pattern contains %, which will match any substring
The replacement may contain %, which will be replaced by the matched substring
For example:

C_FILES :
O_FILES :

$(shell 1s *.c)
$(C_FILES:%.c=%.0)



For more about make

# Using make
man make

# Writing Makefiles
info make



