
WWW.ANDESTECH.COM WWW.ANDESTECH.COM 

www.andestech.com 

Port GCC to a new architecture 

Case study: nds32  

2013.11.16 

Chung-Ju Wu (吳中如) 

HelloGCC 2013 



2 Driving Innovations™ 

Overview of Andes Technology 

• Founded in 2005 in Hsinchu Science Park, Taiwan, ROC 

• Core team from AMD, DEC, Intel, MIPS, nVidia and Sun. 

• Listed in EETimes' Silicon 60 Hot Startups to Watch (2012) 

Corporate Highlights 

• Innovate performance efficient processor IP solutions for SoC 

Technology and Products 

• Emerging applications 

• Smart and Green electronic devices 

• From Internet of Things to Cloud Computing 

• >50 licensees and >300M Andes-Embedded™ SoC’s 

• >60 partners 

Market and Business Status 
Andes 

Embedded™ 
 

N13/N12/N10/N9
/N8/SN8/N7 
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Products and Infrastructure 

Development Tools 

AndeSight™ 

Processor Cores 

 AndesCore™ 
(2 to 8- staged) 

Software Stacks 

AndeSoft™ 

Development  
Platforms 

AndeShape™ 

Processor 
Architecture 

AndeStar™ 
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Examples of Andes-Embedded™ SoC 

• MCU 

• Motor Control 

• Wireless Charger 

• Surveillance 

• Barcode scanner 

•  ADAS 

•  VEDR 

• Wireless display 

• WiFi 

• Bluetooth 

• GPS 

• GPON 

• NFC 

• Gateway/router 

 

• USB3.0 

• SD 

• SSD, eMMC  

• mSATA 

Anti-virus 

• Sensor Hub 

• Secure SD 

 

• Touch Screen 

• eBook/eDictionary  

• Power management 

• Bio-medical    
device 

• CMMB 

• MCU     

    
Communication 

Consumer Computer 

Industrial 

http://images.google.com.tw/imgres?imgurl=http://music.columbia.edu/~douglas/classes/motor_mania/AC_motor.jpg&imgrefurl=http://music.columbia.edu/~douglas/classes/motor_mania/&usg=__3i4SidbzW03t-gw-hqEF_Kq2XOQ=&h=1751&w=2048&sz=296&hl=zh-TW&start=1&um=1&tbnid=R2kQecm8tY0qIM:&tbnh=128&tbnw=150&prev=/images?q=motor&hl=zh-TW&rlz=1T4ACAW_zh-TWTW308TW309&sa=N&um=1
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GCC Internal terms 

Machine Description 

RTL / RTX 

naming patterns 

predicate functions 

constraint / alternative 

Target Macros / Target Hooks 

Makefile fragment 
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A new target for GCC includes… 

 Five necessary parts: 

1. configure for nds32 port 

2. nds32 machine description 

3. nds32 libgcc 

4. nds32 testsuite 

5. nds32 documentation 
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Add nds32 in configure part 

目標: 

 config.sub 

 gcc/config.gcc 

 libgcc/config.host 

1. configure 

config.sub 

gcc/config.gcc 
libgcc/config.host 
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Add nds32 machine description 

目標 

 gcc/common/config/nds32 

 gcc/config/nds32 

 

如何新增一個自己的target？ 

 挑一個簡單的target 

• 何謂簡單？行數少！ 

• cp -a msp430 nds32 

 回頭處理gcc/config.gcc libgcc/config.host 

• 從msp430照抄，改名 

• 所有 msp430  nds32 

 

2. machine description 
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Add nds32 machine description 

目錄下的檔案改名以nds32開頭 

 

 

 

簡述相關檔案功能 

 nds32.c / nds32.h / nds32.md / nds32-protos.h 

 nds32.opt / nds32-opts.h 

 predicates.md / constraints.md 

 t-nds32 

 

2. machine description 
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修改 back end 流程 

所有msp430_xxx的function或variables 

 改名成nds32_xxx 

 

2. machine description 

調整MD 
編譯 

bootstrap gcc 

觀察asm 

code gen 

$ /source/gcc-4.9.0/configure \ 

--target=nds32le-elf \ 

--with-arch=v3 \ 

--prefix=… 

… … 

$ make all-gcc 

$ make install-gcc 

$ nds32le-elf-gcc -S test.c 
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開始調校machine description 

Start to re-implement target specific parts 

 GCC Internal: Chapter.10 

 GCC Internal: Chapter.16 & Chapter.17 

 

修改建議順序 

 nds32.h 

 nds32.md 

 nds32.c 

 

 

2. machine description 

GCC 核心 

target hooks/macros 

使用… 

back end 

MD 

實現… 
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nds32 registers 

nds32.h 

 定義data type size 

 定義target registers 

 

 

2. machine description 
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nds32 registers 

nds32.h 

 32-bit / 16-bit 混合式instructions 

 依據register numbers分等級 

 

2. machine description 
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nds32 spec 設定 

nds32.h 

 Control compilation driver 

 http://gcc.gnu.org/onlinedocs/gcc/Spec-Files.html 

 

 

 

2. machine description 

如果有-mbig-endian, 

就傳給assembler -EB 

如果有 

-mrelax或-mforce-fp-as-gp 

或-mex9, 就傳給linker --relax 

直接使用 -lc -lgloss 

來指示要一起link的library 

如果沒有-mno-ctor-dtor, 

就拉進crtend1.o 
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Fundamental naming patterns 

nds32.md 

 move patterns 

• movqi, movhi, movsi 

 boolean operations 

• andsi3, iorsi3, xorsi3 

 add/sub/mul/div/shift 

• addsi3, subsi3, mulsi3, divmodsi3, udivmodsi3, 

ashlsi3, ashrsi3, lshrsi3 

 compare and branch operations 

• cbranchsi4 

 prologue and epilogue 

• prologue, epilogue 

 

2. machine description 
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nds32 move pattern 

nds32.md - move pattern 

 

2. machine description 

不同的指令 

搭配不同的constraints/alternative 

可設定此指令的
type和length 

利用predicate來限制指令的可能性 
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nds32 boolean pattern 

nds32.md - boolean pattern 

 

2. machine description 

不同的asm指令 

不同的constraints 

and指令有各式各樣的變化 
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predicates and constraints 

 predicates.md & constraints.md 

 GCC Internal: 16.8.7 Defining Machine-Specific Constraints 

 

2. machine description 

若需要另外呼叫函式： 

在nds32-protos.h定義prototypes 

在nds32.c實作 

善用match_code和match_test 

可使用satisfies_constraint_Iu03() 
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實作 target hooks 

nds32.c 

 

 

2. machine description 

1. 先 undef 掉預設的 target hook 

 

2. 接上自己的 hook 實作 
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提供 target specific options 

Start to add target specific options 

 GCC Internal: Chapter.8 

 

修改 

 nds32.opt 

• 設計可用的options 

 nds32-opts.h 

• 輔助nds32.opt的enum定義 

 

 

 

2. machine description 
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新增、調整、與控制options 

nds32.opt 

2. machine description 

沒有 -mno-reduced-regs 

提供MASK_REDUCED_REGS 

可用TARGET_REDUCED_REGS檢查 

-mfull-regs會清掉此MASK設定 

TARGET_CMOV 檢查 

-mcmov / -mno-cmov 

以Negative讓 -mfull-regs 和 -mreduced-regs 互斥 
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新增、調整、與控制options 

nds32.opt / nds32-opts.h 

2. machine description 

nds32-opts.h中定義 enum 

提供 -march=XXX 的設定 
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Refine machine description design 

How to use unnamed patterns 

 sample of add_slli / add_srli 

 

 

2. machine description 

設計unnamed pattern來 

提供GCC組合出不同RTX 

的機會 

也是可以使用自定 

的constraints 
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Refine machine description design 

How to enable LRA 

 A replacement of GCC reload phase 

 Use target hook: TARGET_LRA_P 

 Use reload-stuff as less as you can 

 DO NOT use reload_in_progress, 

use lra_in_progress instead 

 It is OK to use reload_complete 

 Note that the meaning of constraint modifier ‘*’ 

is different between reload and LRA 

2. machine description 
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Refine machine description design 

Sample of enabling LRA 

2. machine description 

注意 ‘*’ modifier 在 LRA 與 

reload 的意義不一樣 

如果你要讓你的 target 同時存
在著 reload 與 LRA 的機會，
在設計 MD patterns 時要非常
小心 

GCC Internal: Chapter 16.8.4 
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Add nds32 libgcc 

目標 

 libgcc/config/nds32 

 

 libgcc 與 standard library 不同 

 提供 implicitly function call 的需求 

 long long a, b, c; 

c = a + b; 

• call __adddi3 

 float x, y, z; 

z = x * y; 

• call __mulsf3 

 

3. libgcc 
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makefile fragment 

t-xxx 檔案 

參考 libgcc/Makefile.in 行為 

 

 

GCC Internal: Chapter.19 

 

 libgcc/config/ 下有許多 makefile fragment 

也可提供 nds32 專屬的 makefile fragment 

3. libgcc 
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nds32 libgcc settings 

由 libgcc/config.host 設定所有必要資訊 

3. libgcc 
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Add nds32 testsuite 

目標 

 gcc/testsuite 

 gcc/testsuite/gcc.target/nds32 

GCC testsuite is using DejaGNU framework 

 GCC Internal: Chapter.7 

 http://gcc.gnu.org/install/test.html 

gcc/testsuite/lib/target-supports.exp 

 設計屬於自己 target 的檢查 

 

 

4. testsuite 
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general gcc testcases 

gcc/testsuite/* 

4. testsuite 

讓結果可以 PASS 

令此 testcase 編列為 UNSUPPORTED 

令此 testcase 編列為 XFAIL 
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nds32 specific testcases 

gcc/testsuite/gcc.target/nds32 

4. testsuite 

善用： 

  dg-do 

  dg-options 

  dg-final 
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Add nds32 documentation 

目標 

 gcc/doc/extend.texi 

 gcc/doc/install.texi 

 gcc/doc/invoke.texi 

 gcc/doc/md.texi 

 

影響 documentation 

 GCC User Manual 

 GCC Internal 

 

5. documentation 
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Add nds32 documentation 

gcc/doc/extend.texi 

 描述 nds32 專屬 attritube 

 描述 nds32 專屬 builtin function 

gcc/doc/install.texi 

 描述 nds32 專屬的 configure 階段 options 

gcc/doc/invoke.texi 

 描述 nds32 gcc 專屬的 options 

gcc/doc/md.texi 

 描述 GCC Internal 文件中對 nds32 專屬的 porting 

 

5. documentation 
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Add nds32 documentation 

Tex/LaTeX 語法 

 make pdf / make html 

 

5. documentation 
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Summary 

1. configure for nds32 port 
 config.sub 

 gcc/config.gcc 

 libgcc/config.host 

2. nds32 machine description 
 gcc/config/nds32 

 gcc/common/config/nds32 

3. nds32 libgcc 
 libgcc/config/nds32 

4. nds32 testsuite 
 gcc/testsuite 

 gcc/testsuite/gcc.target/nds32 

5. nds32 documentation 
 gcc/doc 
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Q & A time 

Thank You !! 


