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VLIW Architecture - Lily

. Lily, 2007
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VLIW Architecture - Magnolia

» Magnolia, 2009
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VLIW Pipeline Program Memory
Instruction Fetch 32 Bytes {}

e 10 plpellne Stages IF1 Insn_16 | Insn_16 Insn_32 Insn_16 Insn_32
of Lily DSP:
IF2 Insn_16 | Insn_16 Insn 32 Insn 16 Insn 32
. IF3 Insn 16 | Insn 16 Insn 32 Insn 16 Insn 32
- Fetch: IF1~IF4 malioas - - -
P D|Spatch DP IF4 Insn_16 | Insn_16 Insn 32 Insn 16 Insn 32
o Decode: ID X X‘ \
DP FUO IR FUI IR FU2 IR FU3 IR FU4 IR FU5 IR
o Execute: IE1~IE4 [ — | — —!
S JEpp y——— = ¥ ¥,
o [ XA XM [ XD | YA [1i[ YM i YD |
| ID | ID | ID | LD |ij 1D jij|[ ID |
| I | | | [ | I
| L L e | I L T,
[ XA [ XM || XD 1 [XLSU|!== @—=[ YA |1,/[ YM |'\[ YD | [YLSU]|
BUer e ) e S R e e i e ) TEL )
______ ! | T | €9 = TTTTTT | Tt |
| | > | |
[ XM | [ XLSU|! =—0, & [ YM | [ YLSU]
IE2 | IE2 | IE2 | SSE | 1B2 | [ 1E2 |
______ | I = Tt | |
| - |
[ XLSU! - [ YLSU]
IE3 | IE3 :“‘ = | 1E3 :“‘
' | ' |
| |
XLSU]| YLSU]
1E4 Cluster X ! I Cluster Y ' I
| SEAT | S
Local Register File Local Register File
24 x 32 bit 24 x 32 bit
LSX ¥ VLSY
Data Memory

Tsinghua Univ. g_3.%



Feature 1 - Explicit Parallelism

o Compiler is responsible for the instruction parallelism.

Use the order of function units to indicate the instruction parallelism. If the
function units of two adjacent instructions are

- In ascending order, the two instructions will be issued concurrently.

« Or else, the issue of the latter instruction will be delayed to next cycle.

Benefits:
- Save 1 bit to double the encoding space of the instruction sets.

Side effect:

- Not compatible with RISC XA XM XD YA YM YD
execution style. i) A Cyele 0
ADD (.XA) Cycle 1
« Some extra NOP. oL xn
o An example which cannot convert .7 ('3})
from parallel to serial: MUL (. YM)
LD (.YD)
ADD (.XA) ] Cycle 2
NOP (.YD) 7
ADD (.XA) X0, X1, #4 ST (.XD) ) Cycle 3
|| ADD (.XM) X1, X0, #4 ST (.YD)
B (.YD) Cycle 4

Instruction Parallelism Judgement
- The Order of Function Units

Tsinghua Univ. :l' 8



Feature 2 - Cycle Accurate Execution

o The execution cycle of every instruction is exposed to software level.
» The write-back operation is delayed, same as a delay slot.

o Benefits:
- Make the usage of registers be more efficient, relieve the tension of
reqister files.

o Side effect:
» Not compatible with RISC execution style.

o Another example which is not compatible with serial style:

(Cycle 0) LD ro, *rl ;Memory Load, takes 4 cycles.
(Cycle 1) ADD r2, r2, rO0 ;This r0 is the previous value.
(Cycle 2) NOP

(Cycle 3) NOP ;LD write r@ at the end of cycle 3.
(Cycle 4) ADD r3, r3, rO0 ;Now r0O is the result of LD.
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Feature 3 - Conditional Execution

o Each instruction can use a register as an executing condition.
» The true or false of the condition depends on the value of the condition
register and a true or false flag.
» No condition or a true condition will take no effect on execution.
» A false condition will turn an instruction into a NOP.

o Examples:

« Used in common instructions:
['rl] ADD r2, r3, r4

« Used in branch instructions:
[rO] B @label

- Used as mutually exclusive assignment:
[r2] MOV.R r3, r4
['r2] MOV.R r3, r5
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Feature 4 - Delayed Branch

o An ordinary branch instruction costs 6 cycles in our VLIW DSPs.
« Without branch prediction hardware, 5 of 6 cycles are wasted in VLIW
mode.

o A delayed branch instruction has 5 cycle delay slot.
- In VLIW mode, each delay slot contains a parallel instruction group (6 or
8 instructions at most, depends on the VLIW issue width).
. Example:

( Cycle 0) BD (.D) @label ;A delayed branch instruction

(Slot Cycle 1) ADD (.A) r0, rl, r2 ;Parallel instruction group
|| MUL (.M) r3, r4, r5
|| LD (.D) r6, *r7

(Slot Cycle 2) SUB (.A) r8, r9, rilo ;Parallel instruction group
|| MUL (.M) rl1l1, ri12, ri13

(Slot Cycle 3) e ;Parallel instruction group

(Slot Cycle 4) e ;Parallel instruction group

(Slot Cycle 5) e ;Parallel instruction group

( Cycle 6) e ;Branch target instructions

10

Tsinghua Univ. g 3§



Problems

o How to implement the VLIW features in gem5?

« The explicit parallelism.

» The delayed write back operations.
- The conditional execution.

- The delayed branch operations.

o What we have done?

Create a new ISA folder for our DSPs in src/arch.

Create a VliwSimple CPU model based on AtomicSimple.
Create a VliwPipeline CPU model based on InOrder.

Run gem5 in the System-Call Emulation (SE) mode.

11
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VliwSimple CPU Model

o Implement a VLIW extension in AtomicSimple CPU models:

» Add the instruction parallelism judgement.
Use delayed write-back to deal with cycle accurate execution.
Delay 5 cycles to update the PC to realize the delayed branch.
Use temporary register file to deal with instruction parallel R/E/W, for the
execute and write back operations are binded together in atomic model.
Use the original atomic memory read/write mechanism.

o Implement the conditional execution in ISA template.

o Advantage:
» Minimal changes.
- Easy to switch between VLIW and RISC.

12
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VliwSimple CPU Model
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ViiwSimple CPU Model

o Implement the conditional execution in gem5 ISA template.

def template BasicExecute {{
Fault %(class name)s::execute(%(CPU exec context)s *xc,
Trace::InstRecord *traceData) const
{

Fault fault = NoFault;

bool condition = false;
if (COND REG == 0) {
condition = true;
} else {
int64 t cond reg = xc->readCondReg(
if ((NEG COND == 0 && cond reg '= 0
condition = true;

COND_REG);
)

}

tf (condition) { ///////////7////7/7//7/77
(fp_enable check)s;
(op decl)s;
(op rd)s;
(code)s;

0° o° o° o°

if (fault == NoFault) {
%(op wb)s;
}

Y /1177777777777 777777777777777777777777
return fault;

}};

|| (NEG_COND == 1 && cond_reg ==

))

14
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VliwPipeline CPU Model

o VLIW DSP’s pipeline stage:
» 4 stages: Fetch.
- 1 stage: Dispatch.
- 1 stage: Decode.
» 4 stages: Execute.

- Into Function Unit >

Fetch Fetch Fetch Fetch

1 5 3 4 Dispatch | Decode Execute | Execute | Execute | Execute

1 2 3 4

- Fetch > -t Execute >

15
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VliwPipeline CPU Model

o Simulate the VLIW pipeline based on InOrder CPU model:
- Simplify the fetch stages.
- The InOrder pipeline is divided into 2 parts: Front End and Back End.

- Back End >
Fetch Fetch Execute | Execute | Execute | Execute
2 & Decode
1 Di 1 2 3 4
ispatch
<+—Front End—»

16
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VliwPipeline CPU Model

o Simulate the VLIW pipeline based on InOrder CPU model:
» Define the pipeline stages in cpu/inorder/cpu.cc:

InOrderCPU: :createFrontEndSked() {
StageScheduler F(res sked, stage num++);
StageScheduler FD(res sked, stage num++);
StageScheduler D(res sked, stage num++);

F.needs(FetchSeq, FetchSeqUnit::AssignNextPC);
F.needs(ICache, FetchUnit::InitiatefFetch);
FD.needs(ICache, FetchUnit::CompleteFetch);
D.needs (Decode, DecodeUnit::Decodelnst);
D.needs(FetchSeq, FetchSeqUnit::UpdateTargetP(C);

}

InOrderCPU: :createBackEndSked() {
StageScheduler El(res sked, stage num++);
StageScheduler E2(res sked, stage num++);
StageScheduler E3(res sked, stage num++);
StageScheduler E4(res sked, stage num++);

El.needs(ExecUnit, ExecutionUnit::Executelnst);
E2.needs (RegManager, UseDefUnit::WriteDestReg,idx);

17
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Toolchain Integration

o Toolchain of the VLIW DSPs:
« 0pen64 - binutils - newlib - gem5 - gdb

o Some features are supported in multiple tools:
» Syscall: in newlib and gem5.
- DWARF: in open64, binutils and gdb.

- ABI: in open64, gem5 and gdb.
 Integration Testing.

Debugger
gdb
*.C - *.5 *.0 - *.out - results
' Compiler ' Assembler Linker Simulator
' open64 | > binutils-as | ™ binutils-1d | ' gem5 | '

Archive
binutils-ar

Library
newlib

18
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RISC or VLIW or Both?

Out of order

Out of order —RISC
—VLIW

%)rder

Scalar

Hardware Complexity

1 2 4 8

Instruction Issue Width
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RISC or VLIW or Both?

Out of order

Out of order —RISC
—VLIW

%)rder

Scalar

Frequency

1 2 4 8

Instruction Issue Width
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RISC or VLIW or Both?

Out of order

Out of order —RISC
—VLIW

%)rder

Scalar

Power Consumption

1 2 4 8
Instruction Issue Width
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RISC or VLIW or Both?

Out of order
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We need this!

Instruction Issue Width
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VLIW Architecture - Lily2

Lily2, 2012

o-Issue VLIW
2-1ssue RISC
Dual Mode

16/32-bit
Instruction
Word

23

Program RAM > PMMU - Program CACHE L1P
Branch .
Prediction Instruction Fetch, 32 Bytes
! Ly

Mode Switch

e

\\\

ISC Instruction 15 atch

tructions

2 Inst
e Resource)

|
' |
' |
: = Global LS |
< .
i Integer Multiply Branch :4- Reglster By :
e S —— o= e— T I e e e y p—
‘I 8 x 32 bit
v y \ J \J
Local Register File Local Register File
24 x 32 bit 24 x 32 bit
Y
Data RAM -« DMMU Data CACHE L1D

Tsinghua Univ. g_3.%



Hardware - Instruction Dependence

» A hardware implementation for a 2-issue in-order dispatch unit.
» Check hardware resource conflict, e.g. function unit.
» Check register’s conflict caused by data dependence.
« Use SETV/SETR instructions to switch between VLIW and RISC mode.

Instruction 0 Instruction 1
-~~~ - - - - -7 | -~~~ - - - - -7 |
Dest Regs i Unit : Src Regs | Dest Regs i
—_——_—— — ] —_——_——d :_ ____________ _I —_——_——d
Write
ARV,

Register
@ Dependence
Table

Dispatch Ins 0 & Ins 1
Dispatch Ins 0

Wait

Wait

Dispatch Ins 0
Dispatch Ins 0

Wait

Wait

(SN FUEN JUEN N Pl f =1 (=

) Ll [ =) (] LN Y K an) [ @)
— o= =~
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Hardware - 2-bit-predictor of Lily RISC Mode

» A hardware implementation for a 2-bit branch predictor.

- Implemented in IF1 and IE1 pipeline stages.
- Improve the branch performance of the RISC mode.

i NPC Prediction

> JBU
e
ump v

Branch Predict
Control Unit

ICache

PC >

>
BTB :}
—

PC+256 B Rewrite BTB l

I9S139y durpadig

I9S139y durpadig
1)S139Yy durpadig

NNPC —» Misprediction
- p
IF1/IF2 ID/IE1 IE1/IE2
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Benchmarks

o GCC Torture Tests
- More than 2,000 testcases for compiling and executing.

o Dhrystone 2 (Open64 compiler)
- Magnolia: 8-issue VLIW, each branch instruction takes 6 cycles.
1.37 DMIPS/MHz (416 cycles per run).
- Lily RISC mode: 2-issue in-order, 3 function units, with branch prediction.
1.26 DMIPS/MHz (451 cycles per run).

o Library Optimization
([ ] The C implementation Of ComputationaITe5t: Dhrystone 2

BYTE Unix Benchmark v3.6

strcmp() in the newlib SE%EE;-;:; |
takes 135 cycles. _cccass
. The 8-issue VLIW ASM
of strcmp() takes 25 cycles. |
o Compiler performance
. Open64 vs. GCC
30% worse?

A Linux Compiler Deathmatch: GCC, LLVM, DragonEgg, Open64, Etc...
via: http://www.phoronix.com

Tsinghua Univ. g 3%
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Part Il. MIPS Supporting

2.1 MIPS64
2.2 MIPS32 FS Mode
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MIPS64

o Differences between MIPS64 and MIPS32:
- Bitwidth of data, address, registers.
» System call numbers and ABI.
« Some MIPS32 instructions are extended to 64bit.
« Some new 64bit instructions are added.

o Changes in gem5 source code:
- Implement the 64-bit instructions in decoder.isa.
» Fix some 64-bit features, e.g. register bitwidth, syscall numbers, etc.
- Fix register file definitions and accessing interfaces in CPU models.

o Conclusions:
» gemb>b can support both 32bit and 64bit processors well.
« gem> has a good flexibility and portability.

28
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MIPS32 FS Mode

o Software requirement:
« gemb
» busybox-1.19.3
o linux-3.1-rc4
- MIPS cross compiler from CodeSourcery (gcc, binutils, gdb, etc.)

o Steps:
- Build BusyBox, which can help to create the root file system.
- Create a root file system, within the BusyBox executable files.
- Build the Linux kernel image, with the root file system embedded as a
RAM filesystem.
- Boot the Linux kernel in gem5.

o Hardware Solution:
- Take ARM as a reference, like a kind of SoC.
» Support the least hardware devices both in gem5 and kernel:
Board: RealView PBX
Bus: AMBA
Interrupt Controller: GIC
Timer: sp804
59 UART: pl011
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MIPS32 FS - BusyBox

o About Busybox
- Combine many UNIX utilities into a single executable, such as
coreutils, fileutils, shellutils, etc.
- Convenient to create the root file system and Linux kernel image.

o How to build BusyBox:
cd busybox-1.19.3
make menuconfig
make
make install

» The following settings in menu configuration should be concerned:
« Build BusyBox as a static binary (no shared libs)
« Set Cross Compiler prefix: mips-linux-gnu-

» Switch off some unnecessary utilities.

30
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MIPS32 FS - Root File System

o Create the Root File System:

sudo mkdir root fs
cd root fs

- Create the necessary folders:

sudo mkdir bin boot dev etc home lib mnt proc root sbin
sudo mkdir sys tmp usr var etc/init.d

- Create the necessary files:

sudo touch etc/init.d/rcS

sudo touch etc/mdev.conf
sudo chmod 755 etc/init.d/rcS
sudo chmod 755 etc/mdev.conf

« Create the console and null device:

sudo mknod -m 600 dev/console ¢ 5 1
sudo mknod -m 666 dev/null c 1 3

« Copy the BusyBox install path:
sudo cp busybox-1.19.3/ install/* ./ -rf

» Create an init link:
sudo ln -s bin/busybox init

31
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MIPS32 FS - Linux Kernel

o Before build the Linux kernel, we should setup the build environment:
TOOLCHAIN TOP DIR=/Absolute Path of MIPS Toolchain
export ARCH=mips
export CROSS COMPILER=mips-linux-gnu-
export PATH=${TOOLCHAIN TOP DIR}/bin:$PATH

o How to build the Linux kernel:

make menuconfig
make

» The following settings in menu configuration should be concerned:
« Machine selection -> System type.
Here create a new machine type for MIPS.
« CPU selection -> CPU type.
« Initial RAM filesystem and RAM disk (initramfs/initrd) support.
Here set the absolute path of root fs including BusyBox.
o Changes in Linux source code:
» Copy and modify some device drivers from arm-realview to mips-
realview.

» Not a final solution.

32
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MIPS32 FS - gem5

o Changes in gem5 source code:

« Copy some device implementations from ARM to MIPS.
src/dev/mips/RealView. py
src/dev/mips/realview.cc/hh
src/dev/mips/gic.cc/hh
src/dev/mips/amba device.cc/hh
src/dev/mips/amba fake.cc/hh
src/dev/mips/rv _ctrl.cc/hh
src/dev/mips/pl8ll.cc/hh
src/dev/mips/timer sp804.cc/hh

« Copy some system configurations from ARM to MIPS.
src/arch/mips/linux/system.cc/hh

» Fix the function of TLB, Interrupt, etc.

o Use gdb and materm to debug the kernel.
o Because there might not be a RealView board for MIPS, this is not a final
solution.

33
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MIPS32 FS - Boot the Linux Kernel in gem5

o Run the MIPS_FS mode in gemb:
./build/MIPS FS/gem5.opt configs/example/fs.py

o Use mbterm to monitor the gems:
Jutil/term/m5term localhost 3456

==== m5 slave terminal: Terminal 0 ====

Linux version 3.1.0-rc4-svnl2 (guody@guody-Studio-1458) (gcc
version 4.5.2 (Sourcery CodeBench Lite 2011.03-93) ) #10 Thu Sep 27
19:05:40 HKT 2012

sched clock: 32 bits at 24MHz, resolution 41ns, wraps every
178956ms

Please press Enter to activate this console.

BusyBox v1.19.3 (2012-09-26 18:04:12 HKT) built-in shell (ash)
Enter 'help' for a list of built-in commands.

#
# 1s
boot etc init linuxrc proc sbin tmp var
bin dev home lib mnt root SYys usr
#

34
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Part Ill. Eclipse Integration

3.1 Overview
3.2 Configuration Steps
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Eclipse Integration Overview

o Eclipse
- A multi-language software development environment.
- An integrated development environment (IDE).
« An extensible plug-in system.

o Eclipse CDT
« Plug-in: C/C++ Development Tools for Eclipse

e Goals:
- Constitute a graphical cross-platform development environment.
« Use gemb as simulator and gdb server.
» Integrate the cross toolchain
iInto Eclipse:
gemby, gcc, binutils, gdb, etc.

pse

INDIGO

36
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Eclipse Integration
1. The C/C++ perspective in Eclipse.

£J) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

File Edit Source Refactor Mavigate Search Run Project Window Help
i v & (¢ G~ ¥y O Qv | B &
[~ Project E &2 =8

= & 7

[£! Problems &2 ¥ Tasks | & Console | = Properties
0 items

Description

i

Resource

Path

T (=]

15 |@C!c++|

o= 0 2

An outline is not available.

Location Ty|

€ - C/C++-Eclipse B

3

2

[+)

ki

Tsinghua
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Eclipse Integration

2. Create a new C project.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation El
€ — C/C++-Eclipse
Edit Source Refactor Mavigate Search Run Project Window Help
New Shift+Alt+N » Makefile Project with Existing Code
1 9 = [Boces
Open File,.. C4+4 Project
C Project = ]
I Project... SAET Big 52 N =ml
2 !
Convert to a C/C++4 Project (Adds C/C++ Nature) | i
Convert to a C/C++ Autotools Project ||/An outline is not available.
&% Source Folder
[ Folder
|¢] source File
iﬁf Header File
| Rename... F2 | [ Fle from Template
# Refresh F5 | & Class
Convert Line Delimiters To L3 j Task
[ Other... Ctri+N
Switch Workspace ]
Restart
£y Import
5y Export
Froperties Alt+Enter
Exit Ty e S
S ——— | Tasks El console | = Properties | 0|
0 items
Description Resource Path Location Ty|
(] [+]
:=<>
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Eclipse Integration

3. Create a cross-compile project named “helloworld”.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation El

@ H C/C++-Eclipslis
File Edit Source Ref

- C Project

C Project —lt

i Create C project of selected type

(By E@ | = Ercjectnamﬂhellowcrld_:) ] 5 »2 =7

= <L=D Use default location

itline is not available.

Project type: Toolchains:

@ Empty Project

" Cross-Compile Project .

[ ] oject
> = Shared Library

I (= Static Library

P = Makefile project

[» = GNU Autotools

Show project types and toolchains only if they are supported on the platform

® [Cﬂext :-_) l [ Cancel l [ FEinish Location Ty-|

Tsinghua 7k
Univ.
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Eclipse Integration

4. Set the prefix and path of the cross compiler, assembler, linker, etc.

£J) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

@ H C/C++-Eclips

€ - C Project
File Edit Source Ref

=N E=

Command

ofx] [2]=]x]
ik gl The Cross Compile Command

|

=] |@C!c++|
> = Tool command prefix_|mips64el-unknown-linux-gnu-) . = ==
_-_---——_-—-__-.-_
== :
== Tool command path fcross-tools!bm) |[ Browse.. l

itline is not available.

Next > l |

Cancel H (::F.IT.':-—) ‘

—
(<]

Location

ke

[+)
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Eclipse Integration

5. Now we can see the “helloworld” project in the Project Explorer.
ﬂ Red Hat Enterprise Linux 5 64-bit - VMware Workstation E

[ ][=]x]

€ - C/C++-Eclipse

File Edit Source Refactor Mavigate Search Run Project Window Help

Ciz B | @ &5 [€v G~ [/~ B~ |- O~ Q- =@ o 4~ ﬁﬁ’|@cxc++|
[~ Project E &2 = {m| " BleEox »2 =5
= & < <

~ & halloworld An outline is not available.

~ i Includes
b (= jopt/hrl/cross-t |
P (= jopt/hrl/cross-t
b (= fopt/hrlfcross-t |
b (= fopt/hriftools/in |

[£: Problems £ . ¥ Tasks| El Console | = Properties F=tm|
0 items . . .
Description Resource Path Location Ty|
(4] | I3 {0 [+]
=% =5 helloworld
" o Tsinghua
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Eclipse Integration

6. Right click on the project name and create a new file.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
_
| Project...
File Edit Si
" Goto (@]
Fle
i . - E |Ecic++
Open in New Window | 7 File from Template
% Folder
| [i5] Copy Ctri4+C 3 :
([yProjectE L =2 0 52 N0 “m
L Project & Class 2 o
= ¥ Delete Delete | [n Header File =
,_ci? Source File AN outline is not available.
< Ginclt Source » | &Y Source Folder
LEY C Project
Rename... F2
b (Ba C+4 Project
Pt g2y Import...
& ¢ 9 Other... Ctri+N
b (2 ¢ eh Export...
Build Project
Clean Project
£ | Refresh F5
Close Project
Build Configurations ¥
Make Targets r
Index 14
Show in Remote Systems view
Convert To... =] prgperties" A= |
Run As 3 ]
Bebu g : Resource Path Location Ty|
Profile As 4 o
Team v
Compare With 4
L.l [ Restore from Local History... , [+
12 2 % Run C/C++ Code Analvsis )
42 L — = TSlnghua
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Eclipse Integration

7. Create helloworld.c.

43

& ; ; .;
) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

@ -H C/C++- Eclipsfi

(P i

St
< [l Includes
b (= jopt/hrl/cro
P (= jopt/hri/cro
P (= jopt/hrifcro
P (= jopt/hriftool

File Edit Source Ref

Nwi &

I

™ New File
File

Create a new file resource.

Enter or select the parent folder:

[helloworld

£ helloworld

l )

e —
File name(Jhelloworld. )
e

Cancel

| [ C gosn ) |

itline is not available.

Location

Ty

DjjE

& =5 helloworld

(= |

[+)

Tsinghua
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Eclipse Integration

8. Write some C codes.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

€ =" C/C++ - helloworld/helloworld.c - Eclipse

File Edit Source Refactor MNavigate Search Run
i & |

F~ &l 0 G-
|[t5 Project E 32 = 8| [dhelloworld.c 5

=2 5 s #include <stdio.h>
| = £ helloworld - .
int main()
~ [ Includes {

b (= jopt/hrl/cross-
b (= fopt/hrifcross-t|
P (= jopt/rl/cross-t|
b (£ fopt/hriftools/in
N hellowond € :

return 0;

Project Window Help

@ & b @ |[& 8 (B 0- Q- [@ e o |[d @@

printf("Hello World!'\n");

(]

0 items

Description

Resource Path

B (=00 = lal
-
B W o e %
= stdio.h
@ main() : int
e
Location Ty|

| T [v)||CE]
| Writable

Smart Insert

9:30
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Eclipse Integration

9. Right click on the project name and select “Properties”.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
.
File Edit Open in New Window indow Help
Ciz 2 copy Ctri4+C o~ %' &= = 9 & %C!’C++
’ | ¥ Delete Delete | = = . B o ——
\[ Praject O||lgz o =2 > 8
Source 4
B W s o X%
= @/l Rename.. F2 0 stdioh
b d £x Impert... fn*}, e main{) : int
Pl Ly Export...
b
| Build Project
bg = :
Clean Project
b @ J
# | Refresh F5
Close Project
Build Configurations 4
Make Targets 4
Index »
Show in Remote Systems view
Convert To... =
Run As P = = l ] -
Debug As » 2| = Properties | =
Profile As v ' '
Team ’ Resource Path Location Ty
Compare With r
Restore from Local History...
#7 Run C/C++ Code Analysis
o | D
=4 Properties Alt+Enter
45 _ . | Tsinghua
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Eclipse Integration
10. Select “C/C++ Build” -> “Settings” -> “Tool Settings”.

M ) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
€ - Properties for helloworld
I | Settings o =
I Resource —
Builders Configuration: lDebug [ Active ] ¢l [Manage Configurations..
Build Variables |
_ _ wﬂuud Steps | Build Artiract | luiBinary Parsers | & Error Parsers
Discovery Options
I Environment 323 i’oss.'Setii'ngs Prefix [mips64e|-unknown—|inux—gnu— |
Logging d & Cross GCC Compiler Path [Icross—toolsmin ‘ [ Browse... ]
(%2 Preprocessor
Tool Chain Editor (& symbols
P C/C++ General (3 Includes
Project References @ Optimization
Run/Debug Settings # Debugging
[P Task Repository (% Warnings
WikiText (2 Miscellaneous
!V ®) Cross GCC Linker
2 General
2 Libraries
(2 Miscellaneous
(%2 shared Library Settings
| 3 Cross GCC Assembler
# General ||
@ I | Gl : mD
i
| @ Cancel I [ oK
46 Tsinghua
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11. Configure the linker to use static library for the SE mode of gemb.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
=" Properties for helloworld
Settings o -
P Resource =
Builders = : T : 7 =
i Tool Settings S Build Steps Build Artifact @Blnary Parsers | & Error Farsers
< C/C++ Build _
Build Variables @ Cross Settings [] Do not use standard start files (-nostartfiles) ]
Discovery Options = 3 Cross GCC Compiler [] Do not use default libraries (-nodefaultlibs)
I Environment @ Preprocessor [] No startup or default libs {-nostdlib)
Logging (# Symbols [] Omit all symbol information (-s)
; = L)
i Includes (I7] No shared libraries (-static) ™
Tool Chain Editor (2 Optimization
Hy i
P C/C++ General (=2 Debugging
L) i
Project References (2 Warnings
Run/Debug Settings (# Miscellaneous
b Task Repository |7 & Cross GCC Linker |
WikiText _ General
(2 Libraries
(# Miscellaneous
(# Shared Library Settings
w 3 Cross GCC Assembler
# General
@ I | G : D)
il
@ cancel | [ oK
47 Tsinghua
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Eclipse Integration

12. Click the “Build” button, information shows in the Console window.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation E
¢

=" C/C++ - helloworld/helloworld.c - Eclipse

File Edit Source Refactor Mavigate Search Run Project Window Help

MrEH B e R e s @ e Br (- 0- Q- | ™o 9|4 B B [Rccs+|

Hr Gl o o~

[t5 Project E 52 = B | [c *helloworld c &3 ~Blls=o % »2 =5
=2 5 = #include <stdio.h=> =

+ =% helloworld

a - 5 @
L int main{) B ® ¥ #
P 34 Binaries { 0 stdioh
¥ [@Includes printf(“Hello World!\n"}); e main() - int
b (= jopt/hrl/cross-t| return 9;

P (= jopt/rl/cross-t|
P (& jopt/hrl/cross-t|
b (= jopt/hriftoolsing |
lF = Debug
I [ helloworld.c

] Gl

E_-Problems-@,Tasks El Properties 4 |<)==D GH RE B | =t BElr 9> T O
CDT Build Console [helloworld] ' '
MIpsb4e - UNKNOWN- LINUX-gNU-gcC -STatlc -Mapl=64 -marcn=nrl -0 ~neLloworta~ ./
helloworld.o

Finished building target: helloworld

[v]

*¥*¥* Build Finished ****

o* Writable Smart Insert 5:30 .
48 Tsinghua 7k
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Eclipse Integration

13. Configure gem5 as an external tool. Set the path and arguments for gem>.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

File Edit Soun

Create, manage, and run configurations (]
1= ) External tool location does not exist @ IEC!C++|
Biv v
. El et Name:(Gems_SiM
[(5 Project E &2 . L R ( = > = ; - ‘ ) =
4 EMain t§“ Refresh | | Build | B Environment| = Common ] - |
= ke s jclon |7 =2 | |
= Qh Prggram Location:
= == helloworlg : = : @
- foptfhrl!gemegemS_sim.@ | Bl *
P 4 Binarie
< lincludd Browse WcrksEace...l IBrowsg File System...l I Variables. . l -
b (= /opy Working Directory:
b @!Opt d:;{workspace_locb ‘
b= jopty
[Brcwse Worlsspace...l [Brawse File System...l [ Variables... l
P (= joptf

I = Debug Arguments:
P [g hellow f0bﬂ':nrfL?gem5fc0nf_igsfé;c-émple!5e.ﬁ-;.ﬁ —cﬁ{ﬁle_p@ J

Mote: Enclose an argument containing spaces using double-guotes ().

Filter matched 2 of 2 items 25wk
- | [~
® e TS

1D

[v]

**%*% Build Finished ***+*
€I D B
% Writable Smart Insert T
Tsinghua
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Eclipse Integration

14. Click the gem5 button to get the simulation results.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation E

€ =" C/C++ - helloworld/helloworld.c - Eclipse

File Edit Source Refactor Mavigate Search Run Project Window Help

i @ @@ e e &8 -o{a)®me |9 B O & [Bcrc+]
dir &l 15 GO~ *. 1 GemS5_SIM
[t5 Project E 52 . = B8 [ helloworld.c 22 ] Run As ’ T OBz 0 2 ”2 = ml
= <*L=D - #include <stdio.h> External Tools Configurations... [=] -
v — . . Organize Fayorites. .. Lw o %
int main()
P 4¥ Binaries { 5] stdio.h
¥ [ Includes printf("Hello World!'\n"); e main() : int
b (= fopt/hri/cross-t return 0;
P (= jopt/rlfcross-t b
P (& jopt/hrl/cross-t|
b (= jopt/hriftoolsing |
lF = Debug |
I [ helloworld.c ] I JH
[£ Problems | ¥ Tasks | B Console E@ = Properties ® % | G EE = B 5= = 0O
<terminated> Gem5_SIM [Program] /home/guody/hrl-gems/m5S-vector/build/MIPS_SE/gem5_sim . opt
gem> started May 18 ZJUlZ 11:41:31 - [

gem5 executing on localhost.localdomain

command line: /home/guody/hrl-gem5/m5-vector/build/MIPS SE/gem5 sim.opt /home/gu
Global frequency set at 1000000000000 ticks per second

0: system.remote_gdb.listener: listening for remote gdb #0@ on port 7000

kA4%k REAL SIMULATION **#**

info: Entering event queue @ 0. Starting simulation...

info: Increasing stack size by one page.
|Hello World!
hack: be nice to actually delete the event here

Exiting @ tick 2508500 because target called exit()

(o]

€I Dljl! | D
% Writable Smart Insert T .
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Eclipse Integration

15. Create another external tool for debugging.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
L IiNo[oF ¥ © — Exiernal Tools Configurations
fle Edit Soull create, manage, and run configurations Q
i ) External tool location does not exist F ='__|j IEC!C++l
ot =
= X B 3k Name: {Gems_DBG
p—— __ - S - |, =9
x [type Filter text | _EIMain t§“ Refresh | ay Build | F§ Environment| = Common | _ : -
- ] = Qh Prggram Location:
= == helloworlg = S @
- ; foptfhrl!gemegemS_dbg.o_;;D | Bl *
P 4 Binarie 8L, s, sei
< lincludd SLtx [Brcwse wgrksgace...l IBrowsg File System...l I Variables. .. l I
b (= /opy Working Directory:
b @!Opt ${workspace_loc} ‘
b= jopty [
Browse Worlsspace...l [Brawse File System...l [ Variables... l
P (= joptf
I = Debug Arguments:
P [g hellow Efdpt."hrlr‘gem5}::0nfigsfexamplé}_sé_.b_y_—_t_é,'{file_pron_"lEt_:Gem5 E';iﬁﬁ_uEtor} _'ﬁ
- — B~ -5- =0
Note: Enclose an argument containing spaces using double-guotes (*). el
/home/gu
(«] I [1»] : L
Filter matched 3 of 3 items
® =]
ack: be nice to actually delete the event here
Exiting @ tick 2508500 because target called exit()
G/ |l ] | D
=
- Tsinghua
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16. This version of gem5 will always wait for a remote gdb connection.

£J) Red Hat Enterprise Linux 5 64-bit - VMware Workstation E

=" C/C++ - helloworld/helloworld.c - Eclipse

File Edit Source Refactor Mavigate Search Run Project Window Help

F5e B | & & @ e tv cv & o 5 &5 [Ecrcea)
tH o
[t5 Project E 52 = 8 [d helloworld.c 32 - BllsEo % »2 =5
=2 5 = #include <stdio.h> [<] =
+ =% helloworld - . . g @
o int main() % R X *
[ ﬁ’Binaries { =1 stdio.h
¥ [ Includes printf("Hello World!'\n"); e main() : int
b (= fopt/hrifcross-t|| return 0;
b (= fopt/hrl/cross-t)| }
P (& jopt/hrl/cross-t|
b (= jopt/hriftoolsfing|
lF = Debug ||
I [ helloworld.c ] | Jﬂ
[2! Problems | +£ Tasks El Console 2 . E Properties Ee BE @@ o B~ 5> 7O
Gem5_DEG [Program] /home/guody/hrl-gem5/m5-vector/build/MIPS_SE/gem5<lba—a=
- Terminate .
|gem5 Simulator System. http://gem5.org - 1=

gemb is copyrighted software; use the --copyright option for details.

gemb compiled May 18 2012 09:12:29

gemb started May 18 2012 11:59:56

gem5 executing on localhost.localdomain

command line: /home/guody/hrl-gem5/m5-vector/build/MIPS_SE/gem5_dbg.opt /home/gu
Global frequency set at 1000000000000 ticks per second

0: system.remote gdb.listener: listening for remote gdb #0 on{ port 7000

] Dlla Dl

ke
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Eclipse Integration

17. Now choose the “Debug Configurations”, and set the arguments for gdb.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

fle Edit Soull create, manage, and run configurations
T
ITE*e s [umGeeom |
” = | LT = Mame:({{ Gem5S Debu =
[f5 Project E &2 | sl — 3 5
(><l= Arguments | B Environment| %5 Debugger| - Source | £l Common : - |
= : | L 3= | | | |
< & hell : C/C++ Application: L o %
elloworlg T —— e w0
b 4 Binarie el (Debugmetioworia > | [ Search Project... ] [ Browse... ]
[E] c/C++ Attach to Apf .
¥ [l Include TN o Eroject: b:int
ostrmortem
b (= jopt| @wcﬁ) ‘ [ Browse... l
§ [£] C/C++ Remote Appli | | S ——————
=L jopty ild (i i i
. @ p # Launch Group Build (if required) before launching
il
Ll—:!Gpt; Build configuration:
P (= joptf
Select configuration using 'C/C44 Application’
[F = Debug
b [d hellow ) Enable auto build () Disable auto build
(@) Use workspace settings Configure Workspace Settings
] | I [»]| Using GDB (DSF) Create Process Launcher - y E-~- > =0
Filter matched 6 of 6 items | 2electother.. '
@ I Close || Debug

(/T Dl D)

ke
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Eclipse Integration

18. Choose the “Standard Create Process Launcher” for gdb server.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation E-
@ H C/C++- @ 1 Debug Configutations LY
i ¢ ™ Select Preferred Launcher
fle Edt Soull create, manage,
i This dialog allows you to specify which launcher to use when @C"CJ’“L]
multiple launchers are available for a configuration and launch
Re] T mode.
! -~ —l,
- E@ 0 B x| B 5 ‘ =t {ml |
5 Project E P— (7] Use confi : = Change Workspace
T u guration specific setfint ;i
| Setfings ... e | | Common 2 |
< [E] C/C++ Application| Launchers: —
= =% helloworld = 5 R e X
4 — @ Gem5 Debug standard Create Process Launcher
inarie e —
*_ e [E] C/C++ Attach to A GDB (DSF) Create Process Launcher
= @ Includs =
C €] C/C++ Postmorten| sint
P (= jopt ]
[E] C/C++ Remote Ap | Browse
b (= jopty . =
@ Launch Group —
b= jopty _] Browse...
b (= jopt| 5 : :
Description tartup operation of
D EDEDUQ SidiL NEW dJpiLduunl puunginy unuegn Lo Ul e sidiiudi ua
P [ hellow
se GDE) |
@ Cancel E oK a
o ———
ST T AGToraTCaNy GeDUg ToTREd PrOCEsses (NOte: RequiTes MM Process GDB) =
[<] [ I
] It I [»] || #0sing GDB (DSF] &reate Process Launcher - ” B~ - =0
Filter matched 6 of 6 items '
@ Close || Debug
L 1
(] [+))|C] | [+]
e
” Tsinghua
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19. Configure the path of cross gdb, and use gdbserver mode.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

File Edit Soun

¥

= | Name: |Gems Debug |

: = Z .
| El Main | 9= Arguments | F§ Environment (5% Debugger ) &~ Source| q;,_c‘ Refresh | »1 =) -

[(5 Project E &2

::J <ﬁ O M
- [E] C/C++ Application =
¥ =% helloworlg o Deng . Debugger@bsemer) R o o %
P 4" Binarie
- [E] C/C++ Attach to Apf Stop on startup at: [main | [ Advanced. .. l
= ait Includg
C [E] c/C++ Postrmorter | : j:int
3 (E-!Opt. Debugger Options
> B [E] C/C++ Remote Appli ,rJ)h e ﬁ
vl jopt ain ared Li ranes‘ onnec onl
b B . = Launch Group N
(= Jopt
3 GDE debugger: @Hgdb—eclipseminfmipsﬁdel-unk@ Browse...
P (= joptf :
P (=Debug GDB command file: I.gdbinit | [ Browse...
P [ hellow (Warning: Some commands in this file may interfere with the startup operation of
the debugger, for example “run”.)
GDE command set: [Standard =
Protocol: mi ¥
[] Verbose console mode -
[] Use full file path to set breakpoints || B~ - 78 |

(<] ! [Ty -

(o] [ [»] Using Standard Create Process Launcher - [ (AF’F”Z—) l I et ‘
Filter matched 6 of 6 items Select other .

Tsinghua
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Eclipse Integration

20. Configure the IP address and port for gdb to connect to gem5 simulator.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation
fle Edit Soull create, manage, and run configurations
i
#
: B Name: |Gems5 Debu
[(5 Project E &2 - 1 [ - . = ‘ 3 5=
5 o™ | El Main | &= Arguments |Ii§ Environment | %5 Debugger .~ Source | 4 Refresh| =) : - |
: = [&] c/C++ Application —
B bralliwiaris SR ||| Debugger: [gdbser\.rer S e
- @ Gem5 Debug Bl *
P 4 Binarie
[E] C/C++ Attach to Apf Stop on startup at: [main | [ Advanced. .. l
= ait Includg
C [E] c/C++ Postrmorter | : j:int
3 (E-!Opt. Debugger Options
[c] C/C++ Remote Appli
[» @fopt. MainlShared Libran’es@
b B = Launch Group
I Jopt] —
type:(ce (2 ])
i el
b gy Debiig Host name or IP address: (| localhost
P [ hellow Port number:
|| B~ ti- =08
L] ! [T+ —
(] I [*]|| Using Standard Create Process Launcher - ©
Filter matched 6 of 6 items || 2&lectother.
@ [ Close || pebug |
— &
(T Sl )
inkid
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Eclipse Integration

21. After click “Debug”, Eclipse will change to Debug perspective.

£J) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

[E=5E=R 2
& - C/C++ - helloworld/helloworld.c - Eclipse ===
File Edit Source Refactor Mavigate Search Run Project Window Help
ik o g & Y @ (R B (B0 Qr (™S F- || 4 E @ (B4
- Hlr 0 G-
5 B = ™ = o= »» =
[(5 ProjectE &2 m AR b Oflgzo 2 5 g
5 % = || #include <stdio.h> E v
+ =% helloworld - . . g @
b int main() % R X *
3x, Binaries ? - . stdio.h
= ¢ -~ Confirm Perspective Switch
~ [slIncludes main() : int

p @mptmrlfcro This kind of launch is configured to open the Debug perspective when it suspends.
b (= /optihrlicro @

This Debug perspective is designed to support application debugging. It incorporates views
b (= jopt/hrifcro for displaying the debug stack, variables and breakpoint management.
b (= jopt/hriftool

Do you want to open this perspective now?
lF = Debug

b lg helloworld.c [7] Remember my decision:

ENN: @
Gem5_DBG [Program] /home/guody/hrl-gem5/m5-vector/build/MIPS_SE/gem5_dbg.opt

0: system.remote gdb.listener: listening for remote gdb #0 on port 7000 B
0: system.remote_gdb: remote gdb attached
*¥*%k*% REAL SIMULATION ****

info: Entering event queue @ 0. Starting simulation...
info: Increasing stack size by one page.

[£1 Problems |+ Tasks B Console &2 =l Properties

7 B f5~ 50

(4] []l[4] I D

o* Writable Smart Insert g:1
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Eclipse Integration
22. The Debug perspective.

= ; )
) Red Hat Enterprise Linux 5 64-bit - VMware Workstation

£

~" Debug - helloworld/helloworld.c - Eclipse

File Edit Source Refactor Mavigate Search Run Project Window Help
Gy = - - - T - ( 3
| 9 @ % 0 Q- | ® o - | | % ﬁ.@c
l%ﬁF Debug 2 =g 'I'l‘x:l= Variables | ® Breakpoints ﬁjj‘{ﬂ@gﬁtqrg.ﬁ@ th)dulesi = im
- b — o gl ; :
| o> 3 »® 7| # BT
— 4, Gem5_DBG [Program] B [ i Value [«]
- |
» /home/guody/hrl-gem5/m5-vector/build/MIPS_SE/gem5_dbg.opt - 4 Main H
cat i
- |'E|Esem5 Debug [C/C++ Application] Ly " ~ero = ]
+ &% gdbserver (12-5-18 T4 139) (Suspended) S I',[ [ T D]
~ ;#® Thread [1] (Suspended: Breakpoint hit.) L I B
e ) tovaria 5 oxovooooon o000 | -
[€ helloworld.c ) =m I b= Outline 2 =
#include <stdio.h> = B W s e % ¥
i F o stdioh
int main()
{ @ main() - int
printf("Hello World!'\n");
return 0;
}
a D] _
iE Console 52 E, Tasks-ilg_gPrablemslo Executablesi ] Memcryi 5 BE = B 5 7 =5

%E_E__:_a_r'p5 Debug [C/C++ Application] /home/guody/workspace/helloworld/Debug/helloworld (12-5-18 THL3E)

58
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Eclipse Integration

23. Graphical debugging: registers, disassembly, breakpoints, outputs, etc.

) Red Hat Enterprise Linux 5 64-bit - VMware Workstation E =

€ -~ Debug - helloworld/helloworld.c - Eclipse

File Edit Source Refactor Mavigate Search Project RBun Window Help

ik B (O Qr | ™5 E] Hr Flr B G ﬁH;SDebug 2
%?Debug E@ = B[ Variables | ®e Breakpoints [1aae Registers 52 =i Modules | = (=]
o> 3 3 = % B (1~
biél /home/guody/hrl-gemS/m5-vector/build/MIPS_SE/gem5_dbg.opt : Name Value 5
|~ [C] Gem5 Debug [C/C++ Application] - 1 sero 0
< &® gdbserver (12-5-22 F44:01) (Suspended) e 5t 1%
= Thread [1] (Suspended: Breakpoint hit.) I (] It [ 1]
= 1 main() helloworld.c:7 0x0000000120003bb4 =ill° B
] ! [ [} |G | [+]
|__c] helloworld.c Ei?. = 8 | &= outline |22 Disassembly 2 ==
l#include -:stdio.. h> -] | - -
2
Zint main() Enter location here | bed l &1
4 120003bc move t9,ve -]

9 printf("Hello World!\n"});
& ffLush(stdout);
T printf("breakin");

120003bc¢  bal 0x120004ab0 <_I0_pu
120003bc  nop

H i B % 8 return 0;
gl 120003bc move v@,zero
10 ] ! T

120003bc¢  move sp, 58
120003bc¢  1d ra,24(sp)
120003bc  1d s8, 16(sp)

(4] 1| [+] (o] | | [+
El console 2 ] Tasks | [2 Problems | (3 Executables| [J Memory G &E = B> 5 T O

(4]

|Gem5_DBG [Program] fhcrﬁe..fgu0c_!)rfhr1—éemEfm5-\.rectorfbuiIdMIPS_S.EfgemE_dbg.o_pt
info: Entering event queue @ 0. 5tarting simulation... i

info: Increasing stack size by one page.
Hello World!

@ D

o* Wiritable Smart Insert a3 .
59 Tsinghua

Univ.




Summary

o Partl. VLIW DSPs
- 3 VLIW DSP architectures are introduced.
« Some VLIW features.
« 2 CPU model in gem5: VliwSimple and VliwPipeline.
- Hardware implementation and benchmarks.

e Partll. MIPS Supporting
- The MIPS64 extension.
- MIPS32 FS mode supporting in gem>.

o Partlll. Eclipse Integration
» The configuration steps to integrate gems into Eclipse IDE.
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Thank You!

Thank the following people in our laboratory for their contributions:
Software: Xu Yang, Zhengxing Li, Xiaotian Li, Daoling Zhang, Wu Bai, Minchao
Chen, Dalin Zhu.
Hardware: Zheng Shen, Yuan Liu, Chen Chen, Junping Ma, Fengyang
Chen, Yong Du.

Contact us: ~
Hu He: hehu@tsinghua.edu.cn ‘5'
Deyuan Guo: guodeyuan@tsinghua.edu.cn (=5
Home Page: http://dsp.ime.tsinghua.edu.cn Teinghua University
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