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This document provides you some basic knowledge like how to install Simplescalar simulation tool and the correspondent cross-compiler; how to write, compile and run your assembly code in simplescalar, which is necessary to start your project. If you have no much experience in simplescalar simulation tool, compiler, assembly code, etc., reading this document may save you some time. 
Simplescalar is a tool to simulate modern microprocessors. The most recent version of simplescalar supports three ISAs, e.g. ARM, ALPHA, PISA (MIPS-like). You can choose to install one of them and the correspondent cross-compiler. The examples in this document are based on the PISA ISA. I separated the help document into four parts ( PART1 to PART4) as follow. 
PART1: Install simplescalar and cross-compiler in your linux machine

PART2: Know how to write assembly sequences

PART3: How to compile assembly sequences to binaries

PART4: Run and collect data from simplescalar tool
No need to go through everything if you are familiar with some part of them. Just entering the PART you need. 
PART1: Install simplescalar and cross-compiler in your machine

There exists many versions of simplescalar, cross-compiler, GCC and Operating System. You can choose whatever combined versions you want if only you can install and run the tools successfully in your machine. Here, I show a worked example (I tested) and list the installation steps. 
Machine to compile and run Simplescalar: Fedora Core 4 (Kernel version 2.6.11) with GCC 2.95.3. (Machine 1)

Machine to compile GCC cross compiler related stuff: Fedora Core 3(Kernel version 2.6.9) with GCC 3.4.02. (Machine 2)
The reason I used two different machines is that Machine 1 is my machine and I can only install on it. However I can not compile GCC cross compiler related stuff successfully in this machine. You may both compile and install in a machine with configuration as Machine 2. In case that after installation on Machine 2, you cannot compile Simplescalar source code with GCC 3.4.02, just install GCC 2.95.3 to compile Simplescalar source code.
1. Download the following four tar files from www.simplescalar.com

simpleutils-990811.tar.gz

simplesim-3v0d.tgz

gcc-2.7.2.3.ss.tar.gz

simpletools-2v0.tgz

   Untar these four files (You can delete gcc-2.6.3 and f2c-1994.0927 directory which are generated after untaring simpletools-2v0.tgz. They are not used in our project) to your installation directory.
2. Build and install utilities which will be used in compiling cross compiler:
1) export SIM = /the installation directory 

2) cd $SIM/simpleutils-990811
3)./configure --host=i386-*-linux --target=sslittle-na-sstrix --with-gnu-as --with-gnu-ld --prefix=$SIM

4) make

5) make install 
3. Build simplescalar 

1) cd $SIM/simplesim-3.0

2) make config-pisa

3) make

4. Build cross compiler which can compile your source code to PISA binaries and install it
1) cd $SIM/gcc-2.7.2.3

2) export PATH=$PATH:$SIM/sslittle-na-sstrix/bin (the utilities compiled previously is in this directory, which will be used in compiling cross-compiler)
3) ./configure --host=i386-*-linux --target=sslitle-na-sstrix --with-gnu-as --with-gnu-ld --prefix=$SIM

4) make

The errors I met with in compiling the cross-compiler:

a. Some line breaks(‘\’s) are missed in insn-output.c. Add them

b. Cover the $SIM/sslittle-na-sstrix/include/sys/cdefs.h with the one under “patched” directory

c. Add “#define STRUCT_VALUE 0” at line 35 in objc/sendmsg.c

d. Replace “#include <varargs.h>” at line 60 with “#include <stdarg.h>” in protoize.c

5) make enquire

6)  ../simplesim-3.0/sim-safe ./enquire –f > float.h-cross

7)  make install

PART2: Know how to write assembly sequences

The PISA instruction sets are listed on simplescalar user guide (http://www.simplescalar.com/docs/users_guide_v2.pdf). Be familiar with them before you start writing your program. You can also take http://www.cs.mcgill.ca/~slu7/cs50-asm.pdf (introduce MIPS assembly programming) as reference since PISA is a MIPS like ISA. 
Below I show two very simple C programs together with their correspondent assembly code to explain how to write PISA-based assembly sequences. I also explain each instruction of test2.s in detail.
test1.c (C File)
main()

{

  int a,b;

  a = 3;

  b = a + 1;

}
test1.s (PISA assembly sequence)

.file
1 "test1.c"
gcc2_compiled.:

__gnu_compiled_c:


.text


.align
2


.globl
main


.text


.loc
1 2


.ent
main

main:


.frame
$fp,32,$31




.mask
0xc0000000,-4


.fmask
0x00000000,0


subu
$sp,$sp,32


sw
$31,28($sp)


sw
$fp,24($sp)


move
$fp,$sp


jal
__main


li
$2,0x00000003




sw
$2,16($fp)


lw
$2,16($fp)


addu
$3,$2,1


sw
$3,20($fp)

$L1:


move
$sp,$fp





lw
$31,28($sp)


lw
$fp,24($sp)


addu
$sp,$sp,32


j
$31


.end
main
test2.c (C File)
main()

{

  int a,b,c,d;

  a = 2;

  b = 3;

  c = a + b;

  d = a*b;

}
test2.s (PISA ISA assembly code)

.file
1 "test2.c"
gcc2_compiled.:

__gnu_compiled_c:


.text


.align
2


.globl
main

.text

.loc
1 3


.ent
main

main:


.frame
$fp,40,$31




.mask
0xc0000000,-4


.fmask
0x00000000,0
   // prepare for function call


subu
$sp,$sp,40    /*frame size is equal to 40.*/ 

sw
$31,36($sp)   /*preserve the return address*/

sw
$fp,32($sp)   /*preserve frame address*/

move
$fp, $sp  /*move fp to sp*/

jal
__main       /*jump to main*/
   // main progam. 

li
$2,0x00000002
/*Set $2 with value 2  (a=2) */

sw  $2,16($fp)      /* (Store variable a to stack in location fp+16. Parameters occupy 16 bytes of stacks. Therefore the first variable will save on the stack starting from fp+16.) */

li
$2,0x00000003   /*set $2 with value 3  (b=3) */

sw
$2,20($fp)       /*store b to stack in location fp+20 */

lw
$2,16($fp)       /*load a to register $2 */ 

lw
$3,20($fp)       /* load b to register $3*/ 

addu
$2,$2,$3        /* add a and b*/

sw
$2,24($fp)      /* store c to stack in location fp+24*/

lw
$2,16($fp)      /* load a from stack fp+16 to $2*/

lw
$3,20($fp)      /* load b from stack fp+20 to $3*/

mult
$2,$3          /*multiply a and b*/

mflo
$2             /* get the result of multiply*/

sw
$2,28($fp)      /* store the result (d) to fp+28*/
// return from function call

$L1:


move
$sp,$fp

/*move back fp to sp*/

lw
$31,36($sp)      /*load the return address*/

lw
$fp,32($sp)      /*load the frame pointer*/

addu
$sp,$sp,40       /* back to the original*/

j
$31             /*jump to the return address*/

.end
main
Detailed comments are given in test2.s file. test2.s has four parts. 1) assembler directives 2) keep the status for a function call 3) function call (main code) 4) recover the status.
The meaning of assembler directives (instructions begin with period .) in the test2.s is explained in detail at the link file.  

http://www.rcnp.osaka-u.ac.jp/unix/DOCUMENTATION/HTML/AA-PS31D-TET1_html/asm6.html#directive_chapter. Compared test2.s with test1.s, you can see that the format of this part is relatively fixed. After the assembler directives, status like return address are stored on stack in order to pursue a function call. The main code is after instruction (jal __main).  Finally, the segment $L1 is the code to recover back the spot saved before the function call. Notice that the frame size is decided by how many variables (parameters, local variables, temporaries, etc.) you want to keep on the frame. Here “arguments” occupied the fixed 16 bytes. So you can only save variables start from address (fp+16).
Instead of generating pure assembly sequences, you can choose to generate c code with inlined assembly sequences too.  The basic inline is to use asm(“”) symbol. You can refer http://www.ibiblio.org/gferg/ldp/GCC-Inline-Assembly-HOWTO.html for more detail. The following example shows how to inline assembly code in a C program.
main()

{

  int a,b,c,d;

  asm ("

        li
$2,0x00000002




    sw
$2,16($fp)


    li
$2,0x00000003




    sw
$2,20($fp)


    lw
$2,16($fp)


    lw
$3,20($fp)


    addu
 $2,$2,$3


    sw
$2,24($fp)


    lw
$2,16($fp)


    lw
$3,20($fp)


    mult
$2,$3


    mflo
$2


    sw
$2,28($fp)

      ");

}
PART3: How to compile assembly sequences to binaries which supported by simplescalar

You need use your cross compiler to compile the assembly sequence to PISA binaries.

cd $SIM/bin

./sslittle-na-sstrix-gcc –o filename source_file
PART4: Run and collect data from simplescalar tool
cd $SIM/simplesim3.0

./sim-outorder –config your_configuration_file –redir:sim outputfile binary-file(your compiled PISA binaries)

For more detail of how to use simplescalar, please refer the simplescalar user guide. 

http://www.simplescalar.com/docs/users_guide_v2.pdf
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