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The SimpleScalar Tool Set as an
Instructional Tool:

Experiences and Future Directions
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Talk Overview
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A Taxonomy of Simulation Tools

Architectural Simulators

PerformanceFunctional

Cycle TimersInst SchedulersExec-DrivenTrace-Driven

Direct ExecutionInterpreters
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The SimpleScalar Tool Set

  

http://www.cs.wisc.edu/~mscalar/simplescalar.html
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SimpleScalar Tool Set Overview

F2C GCC

GAS

GLD
libf77.a

libm.a
libc.a

Simulators

Bin Utils

Fortran code C code

Assembly code

object files

Executables
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Using the SimpleScalar Tool Set

ssbig-na-sstrix-gcc -g -O -o program foo.c -lm

ssbig-na-sstrix-f77 -g -O -o program foo.f -lm

ssbig-na-sstrix-gcc -g -O -o program foo.s -lm

sim-safe [-sim opts] program [-program opts]

sim-safe -i [-sim opts] program [-program opts]

ssbig-na-sstrix-objdump -x -d -l program
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Simulation Suite Overview

Speed

Detail

Sim-Fast Sim-Safe
Sim-Cache/

Sim-Cheetah/
Sim-BPred

Sim-Profile Sim-Outorder
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SIM-OUTORDER: Simulated Microarchitecture

sim-outorder.c 

Fetch Dispatch
Register

Scheduler

Memory
Scheduler

Writeback CommitExec

Mem

D-Cache
(DL1)

I-Cache
(IL1)

Virtual Memory

D-TLBI-TLB

I-Cache
(IL2)

D-Cache
(DL2)
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Simulator S/W Architecture

BPred Simulator
Core

Machine Definition
Functional

Core

SimpleScalar ISA POSIX System Calls

Proxy Syscall Handler

Dlite!

Cache MemoryRegsLoader

Resource

Stats

Performance
Core

Prog/Sim
Interface

SimpleScalar Program BinaryUser
Programs
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The SimpleScalar Instruction Set

16-annote 16-opcode 8-ru 8-rt 8-rs 8-rd

16-imm

081624324863
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SimpleScalar Architected State
Virtual Memory

0x00000000

0x7fffffff

Unused

Text
(code)

Data
(init)
(bss)

Stack
Args & Env

0x00400000

0x10000000

0x7fffc000

.

.

r0 - 0 source/sink

r1 (32 bits)

r2

r31

Integer Reg File

.

.

f0 (32 bits)

f1

f2

f31

FP Reg File (SP and DP views)

r30

f30

f1

f3

f31

PC

HI

LO

FCC
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Simulator I/O via Proxy System Calls

write(fd, p, 4)

Simulated Program Simulator

sys_write(fd, p, 4)

args in

results out
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Initial Course Experiences
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Release 2.0 Enhancements
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Future Enhancements
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Summary and Contact Information

http://www.cs.wisc.edu/~mscalar/simplescalar.html
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Backups
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The Zen of Simulator Design

Performance

Detail Flexibility

Pick
Two

Performance: speeds design cycle

Flexibility: maximizes design scope

Detail: minimizes risk
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Primary Advantages
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SimpleScalar Instructions

Control:
j - jump
jal - jump and link
jr - jump register
jalr - jump and link register
beq - branch == 0
bne - branch != 0
blez - branch <= 0
bgtz - branch > 0
bltz - branch < 0
bgez - branch >= 0
bct - branch FCC TRUE
bcf - branch FCC FALSE

Load/Store:
lb - load byte
lbu - load byte unsigned
lh - load half (short)
lhu - load half (short) unsigned
lw - load word
dlw - load double word
l.s - load single-precision FP
l.d - load double-precision FP
sb - store byte
sbu - store byte unsigned
sh - store half (short)
shu - store half (short) unsigned
sw - store word
dsw - store double word
s.s - store single-precision FP
s.d - store double-precision FP

addressing modes:
  (C)
  (reg + C)    (w/ pre/post inc/dec)
  (reg + reg)  (w/ pre/post inc/dec)

Integer Arithmetic:
add - integer add
addu - integer add unsigned
sub - integer subtract
subu - integer subtract unsigned
mult - integer multiply
multu - integer multiply unsigned
div - integer divide
divu - integer divide unsigned
and - logical AND
or - logical OR
xor - logical XOR
nor - logical NOR
sll - shift left logical
srl - shift right logical
sra - shift right arithmetic
slt - set less than
sltu - set less than unsigned
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SimpleScalar Instructions

Floating Point Arithmetic:
add.s - single-precision add
add.d - double-precision add
sub.s - single-precision subtract
sub.d - double-precision subtract
mult.s - single-precision multiply
mult.d - double-precision multiply
div.s - single-precision divide
div.d - double-precision divide
abs.s - single-precision absolute value
abs.d - double-precision absolute value
neg.s - single-precision negation
neg.d - double-precision negation
sqrt.s - single-precision square root
sqrt.d - double-precision square root
cvt - integer, single, double conversion
c.s - single-precision compare
c.d - double-precision compare

Miscellaneous:
nop - no operation
syscall - system call
break - declare program error
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Simulator S/W Architecture
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SIM-OUTORDER Pipetraces

-ptrace <file> <range>

-ptrace FOO.trc

-ptrace BAR.trc 100:5000

-ptrace UXXE.trc :10000

pipeview.pl <ptrace_file>
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Displaying Pipetraces

sim-outorder -ptrace FOO.trc :1000 test-math
pipeview.pl FOO.trc

@ 610
gf = ‘0x0040d098: addiu     r2,r4,-1’
gg = ‘0x0040d0a0: beq       r3,r5,0x30’

 [IF]      [DA]      [EX]      [WB]      [CT]
  gf        gb        fy        fr\       fq
  gg        gc        fz        fs
            gd/       ga+       ft
           ge                  fu

{new inst
definitions

{new cycle
indicator

{
current
pipeline
state

inst(s) being
fetched, or in
fetch queue

inst(s) being
decoded, or
awaiting issue

inst(s)
executing

inst(s) in wback
or awaiting
retirement

inst(s) retiring
results to
register file

pipeline event:
(mis-prediction
detected), see output
header for event defs
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PC-Based Statistical Profiles

-pcstat sim_num_insn

-pcstat sim_num_insn

-pcstat sim_num_refs

-pcstat il1.misses

-pcstat bpred_bimod.misses

textprof.pl <dis_file> <sim_output> <stat_name>
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PC-Based Statistical Profiles (cont.)

sim-profile -pcstat sim_num_insn test-math >&! test-math.out
objdump -dl test-math >! test-math.dis
textprof.pl test-math.dis test-math.out sim_num_insn_by_pc

00401a10:  ( 13,   0.01): <strtod+220> addiu $a1[5],$zero[0],1

strtod.c:79
00401a18:  ( 13,   0.01): <strtod+228> bc1f 00401a30 <strtod+240>
strtod.c:87

00401a20:               : <strtod+230> addiu $s1[17],$s1[17],1
00401a28:               : <strtod+238> j 00401a58 <strtod+268>
strtod.c:89
00401a30:  ( 13,   0.01): <strtod+240> mul.d $f2,$f20,$f4
00401a38:  ( 13,   0.01): <strtod+248> addiu $v0[2],$v1[3],-48
00401a40:  ( 13,   0.01): <strtod+250> mtc1 $v0[2],$f0

{

{

{

executed
13 times

never
executed
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DLite!, the Lite Debugger

dlite.h

-i

help

break main+8
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DLite! Commands

break dbreak rbreak

regs iregs fregs

dump <addr> <count>

<count> <addr>

dis <addr> <count>

<count> <addr>

print <expr> display <expr>

mstate

mstate 
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DLite!, Breakpoints and Expressions

break <addr>, break main break 0x400148

dbreak <addr> {r|w|x}

dbreak stdin w dbreak
sys_count wr

rbreak <range>, rbreak @main:+279 rbreak 2000:3500
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Annotating SimpleScalar Instructions

ld/a $r6,4($r7)

ld/6:4(7) $r6,4($r7)
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The Register Update Unit (RUU)

R
eg

is
te

r
S

ch
ed

ul
er

Results

Input/Result Network

Register Update Unit

Network
Control

Valid
Bits

Tag

Tag

V

V

Value

Value

FlagsOp

Inputs

headtail

From
Dispatch

To Commit
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The Load/Store Queue (LSQ)

M
em

or
y

S
ch

ed
ul

er

Load
Results

Store Fwd/D-Cache Network

Load/Store Queue

Network
Control

Valid
Bits

Tag

Tag

V

V

Value

Addr

FlagsOp

Addrs

headtail

From
Dispatch

To Commit

Data
Cache

Addrs
(from RUU)
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Machine Definition File (ss.def)

DEFINST(ADDI, 0x41,

opcode

disassembly
template


