COMP212 Computer Architecture

How to generate Verilog testvector from MIPS assembly code

To verify your CPU design, you need to write testvectors. For that, you should write some test
programs and use those programs as testvectors. You will write the test programs in MIPS assembly
language. The test programs are stored in Verilog memory model.

MIPS assembler and linker convert your assembly programs into machine codes. Thus, you should
have MIPS assembler and linker installed first.

This note explains how to install MIPS assembler and linker using GNU bin utilities under Linux and
how to generate Verilog testvector from MIPS assembly code

There are 2 options to install MIPS assembler and linker: The first option is to download the GNU
binutils and build the MIPS assembler and linker. The second option is to simply download the MIPS
assembler and linker pre-bulit under x86 (32-bit Fedora).

Option 1: Build the MIPS assembler, linker and Cross-Complier Yourself

Build the MIPS assembler and linker

1. Download the latest GNU bin utility, binutils-2.191.tar.bz2, either from
http://ftp.gnu.org/gnu/binutils/ or from the class website at
http://comedu.korea.ac.kr/~suhtw/teaching/comp212_CA/binutils-2.19.1.tar.bz2

2. Create directories where the downloaded file is copied and where the compiled binaries are
located.

e  “mkdir mips-elf” //this is a directory where compiled binaries are located
o  “mkdir classes”
e “cdclasses”
e  “mkdir comparch”
e “cd comparch”
e  “cp ~/Downloads/binutils-2.19.1.tar.bz2 .”
3. Untar (Uncompress) the file
e “tar jxvf binutils-2.19.1.tar.bz2 “
4. Move to the bin utility directory
e ‘“cd binutils-2.19.1”
5. Set environment for compilation
o “export TARGET=mips-elf”
o “export PREFIX=~/$STARGET”
e “export PATH=$PATH:$PREFIX/bin” // include the new path, so you can run
executable anywhere
6. Check if your environment set correctly
e “set” //scroll up and down to check HOST, TARGET, and PATH
7. Compile the bin utilities
o “/configure --target=$TARGET --prefix=$PREFIX”
o “make”



e “make install”
Check if the bin utilities are located in ~/mips-elf”
e “cd ~/mips-elf”
e “Is -al”  // The MIPS assembler and linker are “mips-elf-as” and “mips-elf-1d,
respectively”

Build the MIPS cross-compiler

Download the GCC source, gcc-4.1.1.tar.bz2, either from http://ftp.gnu.org/gnu/gec/gec-4.1.1
or from the class website at http://comedu.korea.ac.kr/~suhtw/teaching/comp212_CA/gcc-
4.1.1.tar.bz2

Go to the comparch directory and copy the downloaded file

e “cd ~/classes/comparch”
e “cp ~/Download/gcc-4.1.1.tar.bz2 .”
Untar (Uncompress) the file
e “tar jxvf gcc-4.1.1.tar.bz2 “
Move to the gce-4.1.1 directory
e “cd gcc-4.1.17
Set environment for compilation // skip this if you are working in the same shell (you already
did this in the first page)
o “export TARGET=mips-elf”
o ‘“export PREFIX=~/$TARGET”
o  “export PATH=$PATH:$PREFIX/bin” // include the new path, so you can run
executable anywhere
Compile the gcc cross-compiler
e “/configure --target=$TARGET --prefix=§PREFIX --without-headers --with-
newlib --with-gnu-as --with-gnu-1d”
e “make all-gcc”
e “make install-gcc”
Check if the cross-compiler is located in ~/mips-elf”
e “cd ~/mips-elf”
e “Is -al” // The MIPS cross-complier is “mips-elf-gcc”



[Taewsonllocalhost binl$ pud

Shomes Taeweons/mips—elf/bin

[TaeweonBlocalhost binlé ls -al

total 41908

druxrwxr—x 2 Taeweon Taeweon 4096 2003-08-13 10:5h

drwxrwxr=x 10 Taeweon Taewson 4096 2003-08-12 18:05 ..

—ruxr-xr=x 1 Taeweon Taewson 2800802 2009-08-12 17:598 nips-elf-addriline
-ruxr=xr-x 2 Taeweon Taeweon 2929716 2009-08-12 17:58 mipz-elf-ar
—ruxr=xr-x 2 Taeweon Taeweon 4298826 2009-08-12 17:58 mipz-elf-a=
—ruxr-xr-x 2 Taeweon Taeweon 317618 2009-08-13 10:95 nips-elf-c++
—ruxr-xr-x 1 Taewson Taeweon 2778046 2009-08-12 17:98 nips-—elf-c++filt
—riuxr=xr-x 1 Taeweon Taeweon 317275 2008-08-13 10:55 nips-elf-cpp
—ruxr=xr-x 2 Taeweon Taeweon 317618 2008-08-13 10:05 nmips-elf-g++
—ruxr=xr-x 2 Taeweon Taeweon 312712 2008-08-13 10:55 nips-elf-goo
—ruxr-xr-x 2 Taeweon Taeweon 312712 20089-08-13 10:55 mips-elf-goo-4,1,1
—ruxr-xr-x 1 Taeweon Taeweon 4386339 2009-08-12 18:21 mips-elf-goo-4,3.0
—ruxr=xr-x 1 Taeweon Taeweon 185931 20089-08-13 10:55 mips-elf-gochug
—ruxr=xr-x 1 Taeweon Taewson 320340 2008-08-13 10:55 nips-elf-goj
—ruxr-xr-x 1 Taeweon Taeweon 293071 2009-08-13 10:55 mips-elf-gcjh
—ruxr—xr-x 1 Taeweon Taeweon 82685 2009-08-13 10:55 mipz—elf-goow
—rxr—xr-x 1 Taeweon Taeweon 319350 2009-08-13 10:55 nips—elf-gfortran
—ruxr—xr-x 1 Taeweon Taeweon 293107 2008-08-13 10:55 mips-elf-gjnih
—ruxr—xr-x 1 Taeweon Taeweon 330431 2009-08-13 1055 mipz—elf-jof-dump
—ruxr-—xr—x 1 Taeweon Taeweon 147517 20089-08-13 10155 mips-elf-jy-=zcan
—ruxr-xr-x 2 Taeweon Taeweoh 3702546 2009-08-12 17:58 mips-eslf-1d
—ruxr-xr-x 2 Taeweon Taeweoh 2834107 20089-08-12 17:58 mipz-elf-nm
—ruxr-xr-x 2 Taeweon Taeweoh 3367EEY 2009-08-12 17:58 mips-elf-objcopy
—ruxr-xr-x 2 Taeweon Taeweoh 3674644 2009-08-12 17:58 mips-elf-objdunp
—ruxr-xr-x 2 Taeweon Taeweoh 2929710 2009-08-12 17:58 mipz-elf-ranlib
—ruxr-—xr—x 1 Taeweon Taeweon 570851 2009-08-12 17:58 nmips-elf-readelf
—ruxr—xr-x 1 Taeweon Taeweon 2826330 2009-08-12 17:58 mipz-elf-zize
—ruxr-xr—x 1 Taeweon Taeweoh 2802728 2009-08-12 17:58 mips-elf-ztrings
—ruxr-xr-x 2 Taeweon Taeweoh 3367678 2009-08-12 17:58 mips-elf-ztrip

[Taewsonklocalhost binlé ]

Option 2: Simply download pre-built (under x86 with 32-bit Fedora) MIPS
assembler, linker, and cross-complier

1. Download the pre-built (under x86 with 32-bit Fedora) MIPS assembler and linker from

http://comedu.korea.ac.kr/~suhtw/teaching/comp212_CA/mips-elf.tar.bz2
2. Copy the download file
e “cp ~/Download/mips-elf.tar.bz2 .”
3. Untar (Uncompress) it
e “tar jxvf mips-elf.tar.bz2”
4. Change the directory and check if you have necessary files as shown in the above figure.
e “cd mips-elf/bin”

o “Is -al” // The MIPS assembler and linker are “mips-elf-as” and “mips-elf-1d”

Option 3: Simply download pre-built (Cygwin under x86) MIPS assembler,
linker, and cross-complier

1. Download the pre-built (under x86 with 32-bit Fedora) MIPS assembler and linker from
http://comedu.korea.ac.kr/~suhtw/teaching/comp212_ CA/mips-elf-cygwin.tar.bz2
2. Copy the download file
o “cp ~/Download/mips-elf-cygwin.tar.bz2
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3. Untar (Uncompress) it
e “tar jxvf mips-elf-cygwin.tar.bz2”
4. Change the directory and check if you have necessary files as shown in the above figure.
e “cd mips-elf/bin”
e “Is -al” /' The MIPS assembler and linker are “mips-elf-as” and “mips-elf-1d”



Download example assembly code and generate testvector

1. Download an example from
http://comedu.korea.ac.kr/~suhtw/teaching/comp212 CA/example.tar.bz2

2. Untar (uncompress) it
e “cd ~/classes/comparch/”
e “cp ~/Download/example.tar.bz2 .”
e “tar jxvf example.tar.bz2”
3. Generate a Verilog testvector
e “cd example”
e “more testvec.s” // Check out what kind of assembly program you are assembling
e “make” //you should be able to see the following files

bt e 4 1dEwEUr T dEWEUN DL0033L0 SMTTUO0TLE LSSl YULTS G, L, LAl UES
[Taeweon@localhost comparchl]$ cd example_assemblys
[TaeweorBlocalhost exarnple_assemblyl$ 11

total 20

—ruxrwxr—x 1 Tasweon Tasweon 409 2009-05-05 (0249 binZhex,perl
—ruxr—xr—x 1 Taeweon Taewson 823 2009-08-12 17:33 Makefile
-ru-rw—r—— 1 Taeweon Taeweon 162 2009-08-05 19:47 test,lds
—ruxr—xr—x 1 Tasweon Taswson 151 2009-08-05 193147 testvec,lds
—ru-rw-r-— 1 Taeweon Taeweon 294 2009-08-13 11:46 testvec,s
[Taeweon@localhost example_assembluld make
“fmips—elf/bin//mips—elf-as -g testwec.s -—o testwvec.o
“/mipg—elf/bin//mipz—elf-1d -N -¥ -Ttestvec,lds testvec,o -0 testvec
“fmips—elf/bin//mipz—elf-objdump -x5 testvec > testwec,dump
“¢/mipz—elf/bin//mipz—elf-objoopy -0 binary testwec testuvec,bin
JhinZhex,perl > testuec.hex

[Taeweon@localhost example_assemblyl$ 11

total 5E

—ruxrwcr—x 1 Tasweon Tasweon 409 2009-08-06 00243 binZhex.perl
—rwxr-xr-x 1 Taeweon Taeweon 823 2009-08-12 17:33 Hakefile
—ru-rw—t-- 1 Tasweon Tasweson 162 2009-08-05 19:47 test,lds
—rwxrwxr—x 1 Taeweon Taeweon 4752 2009-08-13 11:56 testvec
—ruxrwar—x 1 Taeweon Tasweon 4144 2009-08-13 11:56 testvec,bin
ru-ru—r—— 1 Taeweon Tasweon 1630 2009-08-13 11:56 testwec,dump
ru-rw—r-- 1 Tasweon Taswson 9324 2009-08-13 11:56 testvec,hex
ruxr-xr-x 1 Taeweon Taewson 151 2009-08-05 19:47 testvec, lds
ru-ru—r-— 1 Taeweon Taeweon 928 2009-08-13 11:56 testwvec,o
ru-rw—r-- 1 Tasweon Taswson 234 2009-08-13 11:4F testvec,s
Taeweon@localhost example_assenblyl$ [l

e Check out “testvec.hex” // You can use testvec.hex as a Verilog testvector for MIPS

[Taeweon@localhost example_assemblyl$ more testvec,hex
FCFFEDZ3
OO0OBFAF
02000420
Oo010130
O0LOZ5AC
oDo0400C
03000520
00010130
201022AC
OO0OBFEF
0400ED23
OBOOENNS
QO0OGN0
OBOOENNS
20108500
QO0OGN0
Q00000
QO0OGN0
Q00000
QO0OGN0
Q00000
QO0OGN0
Q00000
QO0OGN0
Q00000
Q00000
QO0OGN0
Q00000
QO0OGN0
Q00000




