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ABSTRACT

ASIP(Application Instruction Set Processor) are commonly used in today’s SOC
design. Some SOC chips use more then one ASIPs. The most difference between
ASIP and a general purpose CPU is that ASIP usually execute instructions fixed in
chip instead of different programs in RAM.:To optimize the chip area and
performance, ASIP tool can let user generate own instruction set, pipe line state,
function unit. And generate RTL code, compiler, simulator of the dedicated ASIP to
be used.

We select the ASIP meister tool (http://www. eda—meister. org/) from Osaka
University as our ASIP design tool. Which can generate VHDL source code and C
compiler generator files for COSY compiler generator (http://www.ace.nl) . The ASIP
meister use graphic interface in defining instructions and pipe line stages. And can
estimate the gate count, power, performance before chip implementation. We will
define a 32-bit RISC CPU, and generate RTL code and implement real chip. For
verify ASIP design flow and the ASIP meister tool. For SOC design such as network,
graphic, digital, ... applications that need ASIPs, the ASIP methodology can be used.

Our ASIP is a 5 stage 32bit RISC, and the instruction set is from open source
OR1K (http://www.opencores.org/projects.cgi/web/orlk). Since we could not
get the COSY compiler generator, we have to use the OR1K GNU C compiler. So we
are not able to refine instructions, but we still can evaluate the ASIP approach for a
CPU design.

After the RTL code, we will prepare the chip implementation. We will use
UMC .18 um cell lib to synthesis by Synopsis, and other tools from CIC to do scan
chain insert, APR(Auto Place and Route), DRC/LVS for chip tape out requirement by
CIC.
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B Y13t ASIP Meister enig * = 2 o
Manual[7]% ASIP Meister Tutorial[S]
> 4ol A %2 o ASIP Meister 3k z+F 4 = 11 ﬁﬁ?

v 12 %4 ASIP Meister User’s
o B AP ITHE 2 K EE g

Design Goal & Arch Design : % %_Pipe line stage % % # stage

F R

Resource Declaration : # * ASIP Meister p#Z¢% & function
block 4r register, register file, PC unit, ALU unit, DMAU(Data
Memory Adress Unit. ) 3% %3 * 1% #k » 4 ADDER < bit width %
type(Carry look ahead, ...)% -

Storage Spec : P82 g A hH ¥ £ > register, register file,
PC,DMAU .. & » ¥z p BN > 54=. GPRO 2 zero register, GPR28
% stack pointer.. # o

Interface Definition : |CPUS*F &0 [/0 port # & °

Instruction Definition s ¢ 3= 3. instruction type # instruction
ik o % A & 4FF - A instruction type 2 £ ié— -
BeE &ip 4 o # B type 7% f L& 0 type name - #ﬁ LP 3 AR
filed, & ® field S & % BHILFi& L TF o f 4 »iﬁ B‘:‘ ' % Bk
el BB type, £ 4 A F B field g—f"j\jﬂ PohiE & &R
BB ETREEFZ RS

Arch. Level Estimations : ¥ r #* %k#e iz & ASIP com ¢ > 2£328 > #
%; o
CDefinition : 4 3 Ccompilerd (7 & A% &£ 0% & o ilers #7%* 3| »

=3 A4 C compiler R4 ¥ 11A % o

Behavior Description : * k% & 24 C compiler » # "2 Micro OP
Description, e ¥ - B E % k& 24 VHDL «# %3k > @ Behavior
description R|E_* & & 24 % COSY e description # * -

Micro OP Description : & & & & & h¥% A » @& ASIP #cdp 4 (micro
code)en B = > * KM B stage » enZ B HH T o
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® [DL Generation : # {é e E % A2 # VHDL source code > ¥ 11 &
4 % Simulation * s source % ¥ 11 & = A % e source °

® Swdev Generation : A 2 % COSY compiler generator =% » * %k
# 4 C compiler.

*

iz 4 & 2 CPU A %8 DL code %2 #x#%8 Compiler ¢ chd K A # {F o 7 L ix
S de AT dg 4 ehi R B AE I dhdg £ L group A2k 0 Tk A dp 4 RN o B
4 ASIP Meisters #7*f¢7 Demo project DLX CPU - DLX 75 23 % 7% 4
SRR o Z e CPU » #_5 2 enRISC processor -

47>

2.2 T&dp

YUDLX A 3 T A fgendp £
® R—R : Register, Register.
B 6 bit OP code
B 5 bit rsO0 : Reg direct, source 0
B 5 bit rsl : Reg:drect, -source 1
M 5 bit rd : Reg direct, destination
M ][] bit func : Operation.function type.
® R | : Register, Immediate.
B 6 bit OP code
B 5 bit rsO0 : Reg direct, source 0
B 5 bit rd : Reg direct, destination
B 16 bit const : Immediate data
® [ S : Load, Store.
B 6 bit OP code
B 5 bit rsO : Reg indirect with displacement, reg of address

B 5 bit rd : Reg direct, source/destination



M ]6bitconst :Regindirectwithdisplacement, displacement
of address

® B : Relative branch

B 6 bit OP code

B 5 bit rsO : Reg direct , source

B 5 bit “00000” : Fixed to zero

M 16 bit const : PC relative, displacement to PC
® ] : Absolutely jump

B 6 bit OP code

B 26 bit const : Absolute address
® J-R : Jump register.

B 6 bit OP code

B 5 bit rsO0 : Reg:direct ;, Source

B [0 bit zero : Fixed to xero.

M ]] bit func : Operation function type.
® [HI : Load high

B 6 bit OP code

B 5 bit “00000” : Fixed to zero

M 5 bit rd : Reg direct, destination

B [6 bit const: Immediate data

¥ - e A iz ASIP Meister 0/ & 4= & B fadp £ 80|24 - RS L %
“F il £ - BB Py~ blde s ADD ik 4 3t R—R ePHES] - 5 T~ 6
bit OP code #i& “000000”, % 11 bit function #=2&”00000100000", %
532 it X7ADD rs0 rsl rd”T ¥ > B @ hi AR>S B soruce, — B
destination 7 register select ** L@ cuy £ FF X ZPFTF T2 * L ﬁﬁ?]
»oo Bt iR dEdg £ nEn] o T A et G iR Bl4n 4 m@?] PN
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@ #-opH#febit 6~10 - 26 bit const % ff #i FHabit =% o

> 21

AT E’ﬂfﬂg? T EIF2 15 0 87 usg & ASIP ¢ area, speed, power
ik \'IR © 206 R EH C compiler g4 2 - s 2 fe ASIP Meister
4 B EM o CFES % E Bit #ic (bl4ochar type, int type, ....) » &
=3 a\ Behav10r gy it > 4ot ASIP Meistera 4 ac 334 A 2 % COSY Compiler
Generator * =4p B A % o o304 A 'FHT} L H P o s F BR Bilcdn £ b o

HeiE 8 (Micro Operation) fegt Pdp & B4p £ >t #73 pile line stage
Sr s JR T R 49 ' > B A 4B (hard-wired) ® A= & > F 2R p IRen
ROM % #=e ;¥ eficdp 4 (Micro code) ™ 3% » % Rtehid & o A& b 97y b
R H ~3ne Jf A Storage Spec Resource Declaration * £ 7 4 » Ak
&5 n ¥ 02 ik R ASIP Meister 2 & i 5 3572 Ky it o 2 B stage PF o ix
55% ¢ * cf1Resource/Storage #-4v P& itk & 4 (7972 foends (% o

T (e
(4«} iﬁ'{;
= =\

—\

-~ F Re- @R il ymERs 2F E(Macro) P& AF & 4
7R B stage wF ¢ L“P% ASIP Melster ggﬁviﬂ?%gg&rﬁ, F
1nclude @7\ dopt l%'**-ﬂm]%}”'& T hm i B 3:\;;‘” -\ﬂuz;t
% ASIP Meister Tutorlal 2 MlCI‘O Operatmn Descr1pt10n Coding
Guide[8] « T AP ED L X 20z dpd & & erici® 8 2 & (12— )

M E & R end B R Y dhstage 1 ¥ 284p % ¥ stage %%t >
FAp 4>t tn et v Macro e stage, Hl4rD L X #ciE 8 B & FETCHO R 7 -
stage, stage 1-° 4% ii4= FETCH() Macro #t# % 4p 4 ¢ stage 2 > 78R »°
FETCHO) ¥ % % stage 1 e (F9 % € &5 4q 4 chstage 2 @ 47 o fiicdp 4
m?;%z”f”l » & B stage **i®F - # variable &7 M * kg LB
Resource/Storage srwire * &1 % B stage ® » ¥ 1 7 2 wire’ e §_§ stage
il AR L R Bt variable o fr Verilog 3% 2 8 i o wire ¥ it £ A
FAeF R REa s o W E- B 1 bit 0 D flip-flop %’K"dsﬁfﬁiiﬁ_
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3.1 ORIK 2 44 4

OR1K —5’&._ Open Source eF4f 3¢ f = FenR I S CH 2 F §2 5 feeh |

Ford? 3 FEFEFPGA/AS T C&%%32 DL, MIPS R3000
-+ ln\iﬂﬂﬁ o ¥ ¥ 3 % = simulator, GNU C compiler , RTOS porting.. % 4p
Behl B H sk V7 B o FPAPEY ORIK a4 B[9] ket
PehASTP o

MM 0 32/64 ABiEE Y o FEE X A% A To
FEERip L E X T A RRL B

W 32/64 =~z ~4p4 F (ORBIS32/64) :dp% & & 32 =~ » ¥4 32
AR EE FAH32/64 A o

B o /g AL ¥ 52 CORVDXGA) ¢ 44 KR 32 A H
32 ARk o FH T AD8/16432/64 1 ~ -

B SR B 4 4 (ORFPX32/64) 454 £ A 32 =~ - $44 32 ==
F R FE T 32/64 7w

AAEMH a5
B E 16 A Sk
B E 16 A ke &

{
CHEE LA BT EEL A (A BYEE- BEE) 0 BER
WF - BRI E

32 il % 4 E o
BREEdR £ F - B 4 el Rk MG A

OV flag %<& #:F 8 overflow. CY flag %*c® #:F 5 carry. F flag
T RS o



3.2 ORIK ORBAS3Z I 4p 4 #

l.add rD, rA, rB : Add rA, rB to rD. Update OV, CY.

l.addi rD, rA, I : Add rA, sign extended 15 bit constant to rD. Update
0V, CY.

l.and rD, rA, rB : logic and rA , rB to rD.

l.andi rD, rA,K : logic and rA, zero extended 15 bit constant to
rD.

l.bf N : branch to current PC plus signed extended 26 bit constant
< 2 1f F flag is set.

1. bnf N : branch to current PC plus signed extended 26 bit constant
< 2 1f F flag 1s cleared.

1.7 N : jump to current PC plus signed extended 26 bit constant
<L 2.

ljal N : jump to current PC plus signed extended 26 bit constant
<< 2 and set LR(link register) to next instruction address after
delay slot.

ljalr rB : jump to address steored in rB and set LR(link register)
to next instruction address after delay slot.

ljr rB : jump to address stored in rB.

1.1bs rD, I[rA] : load byte which address calculated by rA plus
signed extended 16 bit constant, sign extend to 32 bit and store
to rD.

1.1bz rD, [[rA] : load byte which address calculated by rA plus
signed extended 16 bit constant, zero extend to 32 bit and store
to rD.

1. 1hs rD, I[rA] : load half word which address calculated by rA plus
signed extended 16 bit constant, sign extend to 32 bit and store
to rD.

1. 1hz rD, I[rA] : load half word which address calculated by rA plus



signed extended 16 bit constant, zero extend to 32 bit and store
to rD.

l.lws D, I[rA] : load word which address calculated by rA plus
signed extended 16 bit constant, and store to rD.

l.lwz D, I[rA] : load word which address calculated by rA plus
signed extended 16 bit constant, and store to rD.

1. mfspr : move from Special-Prupose Register(not implemented).
l.movhi rD,K : move zero extended 16 bit constant << 16 to rD.
X].mtspr : move to Special-Prupose Register(not implemented).

l.mul rD, rA, rB : multiply signed rA, rB and store to rD(contracated).
Update OV, CY.

l.muli rD,rA, I : multiply signed rA, signed 16 bit constant and
store to rD(trancated). Update 0V;CY.

l.mulu rD,rA,rB : multiply: unsigned rA,rB and store to
rD(contracated). Update OV, CY.

l.nop : no operation.

l.or rD, rA, rB : logic or rA , rB to rD.

l.ori rD, rA,K : logic or rA, zero extended 15 bit constant to rD.
X].rfe : return from exception(not implemented).

l.rori rD, rA,L : rotate right rA with 6-bit immediately value and
store to rD.

l.sb I[rA], rB : store byte of rB to address calculated by rA plus
signed extended 16 bit constant.

l.sfeq rA,rB : set F flag 1f rA==rB.
l.sfges rA, B : set F flag if rA>=rB singed.
l.sfgeu rA, B : set F flag 1f rA>=rB uninged.

l.sfgts rA, B : set F flag if rA>rB singed.

-10-



l.sfgtu rA, rB : set F flag if rA>rB unsinged.
l.sfles rA, B : set F flag if rA<=rB singed.
l.sfleu rA, rB : set F flag i1f rA<=rB unsinged.
l.sflts rA,rB : set F flag if rA<rB singed.
l.sfltu rA,rB : set F flag if rA<rB unsinged.
l.sfnes rA,rB : set F flag 1f rA!=rB.

l.sh I[rA], rB : store half word of rB to address calculated by rA
plus signed extended 16 bit constant.

1.s11 1D, rA, rB : shift left logical rA with 6-bit value in rB[4:0]
and store to rD. zero is shifted to rA[0] during shifting.

l.sll1 rD, rA,L : shift left logical rA with 6-bit 1mmediate value
L and store to rD. zero is.shifited in to rA[0] during shifting.

l.sra rD, rA, rB : shift<right arithmetic rA with 6-bit value in
rB[4:0] and store to rDX rA[31]) is shifted in to rA[31] during
shifting.

l.srai rD, rA,L : shift right.arithmetic rA with 6-bit 1immediate
value L and store to rD. rA[31] is shifted in to rA[31] during
shifting.

l.srl rD, rA, rB : shift right logical rA with 6-bit value in rB[4:0]
and store to rD. zero is shifted to rA[31] during shifting.

l.srli rD, rA,L : shift right logical rA with 6-bit immediate value
L and store to rD. zero is shifted to rA[31] during shifting.

l.sub rD, rA, rB : subtract rB from rA and store result to rD. Update
CY, Ov.

l.sw I[rA], rB : store word of rB to address calculated by rA plus
signed extended 16 bit constant.

l.xor rD, rA, rB : logic xor rA , rB to rD.
l.xor1 rD, rA,K : logic xor rA, signed extended 15 bit constant to

-11-
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2 - OR1K 2 ASIP-Meister ¢ i*
41 wiE R

deBl-1 ¢ > NP E K p -+ ¥ gate count & 30K 2 p - delay 13ns.
ok REE L b stage, 4 F % E o fetch, decode, execution,
memory, write back. &% 3+ * delayed branch, ¥ delay slot £_1 i# stage.
M dp £ A p*qlimﬁ’lif;&?}t = 32 e

i Complete

Project name [OR1K

Fhm workname [peas

Revision No. [ver 0.3 060205-1

Design Goal | Goal Area [30000 [oates]
Goal Delay |13 [ns]
Goal Power 5 (45000 [uWw fMHz]

Design Priority @ Area O Performance O Power

CPU type @ Pipeline

Pipeline | yym of Stages [5 Apply
Num. of Common Stages |0
Decode Stage |2 [-th]

stage [1 [F——[ atribute | fFech |
2 ’H:)i ’m |decode & register_read |
2 ’E)(Ei ’m |exec |
4 ’MEMi ’m |memaory_read & memaory _write |

5 [WE attribute | register_write |

Multi cycle interlock ® Yes ) No

Data hazard interlock ® Yes (O No

Register Bypass @ Yes () No

Delayed hranch ® Yes ) No

Yes | Num. of delayed slot |1 [instruction]
Max inst. hit width |32 [bit]
Max data bit width |32 [bit]

Bl—1 K30

-13-



Bin B R E P AN F 4 3% ASIPmeister, % JEF 3] oK AL
ASIPmeister #% & ch§ ik bl4c®l-2 ¢, PC» IRG3p £ %3 %) IMAU (45 4 &
WHAPHEA) >, % o ASIPmeister ¢ Epiz4F CPU # Leh s sLH ~ > B2
T OLRRR SR R W de e e F R o ORIK A S
i * 3 PC, IR, IMAU, DMAU, GPR, ALUO, EXTO0, MULO, SFTO0, EXTI, CY,
OV,F,SFT1, ADDERO iz 8 ~ 2 Mg H A ¥ M3 R H o 2 G > 58 > &
" A Function Set 2 Port Set i i B f% - Function Set ® =¥ 132 f%
TRE A RS T N T R4 Piidp s R Y > 00 PCH A S bR
4-1 7 2pw upme PUE ~+¥ 25 nop, reset, inc, write, read ¥ 5 7%
Faew it o3 ALUH = PortSet % 4-2 7 A ip# up g f VHDL enficie
Pog g oume [/0 ZEL e

Resource Declaration
File Edit Search Help |
v| Complete
Instance Instance Mame [FC Model Name [.cu
PC Model Path fwarkdbfpeas,
IR Uze as Frog. Counter
IMAU
DMAL Parameter Value -
GPR bit_width |32 — | -Description Style of HDL
- for Simulation
J;}I{_'IL'I(? nCrement_step |4 v|
MULO ||ladder_algorithm | cla v| ® Behavior () RT () Gate
DIVO - for Synthesis
SFTO
EXT1 i1 Behavior ) RT @® Gate
CY

unsigned add{unsigned a, unsigned hj;
model pcu32{
port|
clack clock;
in load, reset, haold, data_in[31:0];
out data_out[31:0];
1
storagef
register reg[3 1:0];

default_contral{

load = '0"
reset = '0";
hold ="'1"

/** no aperatian®/
function naop : idlef

control{
in load, reset, hald; —
1 -
|Area | MIN7E0.13 TYP760.13 MAX 95731



Function Set OF PC:

unsigned add(unsigned a, unsigned b);
model pcu32{
port{
clock clock;
in load, reset, hold, data_in[31:0];
out data_out[31:0];

}
storage{
register reg[31:0];
}
default_control{
load = "07;
reset = "0%;
hold = "1%;
}

/** no operation*/
function nop : idle{

control{
in load, reset, hold;

}

protocol{
[load == 0 && reset == 0 && hold == 1]{
}

}

}

/** reset */
function reset : reset{
assignment{
reg = 0;
}
control{
in reset;
}
protocol{
[reset == 1]{
store reg;
}
}
}

/** increment */
function inc{
assignment{
reg = add(reg, 4);
}
}

-15-




/** write : set program counter value */
function write{
input{
bit_vector data_in;
}
assignment{
reg = data_in;
}
control{
in bit load;
}
protocol{
[load = "1" && hold data_in]{
store reg;
}
}
}

/** read : read program counter value */
function read{

output{

bit_vector data_out;

}
}
priority{ ( reset > ( inc | write ) ), read}

}

#-1PC ¥ = s 5t

Port Set of AiU:

a in bit_vector 31 Odata
b in bit_vector 31 Odata

cin in bit data
result out bit_vector 31 Odata
cout out bit data

%-2ALU H ~ 04 &

File Help

vl Caomplete

Register File

| Expansion || More = |

Storage Mame

I Resource | Bit Width [ Usage [ Location I Binary

GFR[asc]

|
|GPR |32 |register |original |[hin—asc] |A

B-3 &5 7R
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3308 BA (register file) 4r@l-
)

BR-HPAPET LR KT Pl R H Y Y L
GPR9 &% % % link register #1> & /‘E BIEAL T E oM Bl-6 ¢ o AR

A Y ek £ e la i (DD 2 T

_\‘4:‘
-rw\«
C\J
o)
ot
7\
=
=
—
o

Storage Mame | Register Class | Resource | Bit Width | Register Number Usage Location Binary
GPRO GPR GPR 32 4] register ariginal oooono
GPR1 GPR GPR 32 1 register ariginal o000l
GPR2 GPR GPR 32 2 register ariginal Qo010
GPR3 GPR GPR 32 3 register ariginal 00011
GPR4 GPR GPR 32 4 register ariginal Qo100
GPRS GPR GPR 32 5 register ariginal 00101
GPRE GPR GPR 32 [ register ariginal 00110
GPR7 GPR GPR 32 7 register ariginal 00111
GPRE GPR GPR 32 g register ariginal Q1000
GPRY GPR GPR 32 9 register ariginal 01001
GPR1O GPR GPR 32 10 register ariginal 01010
GPR11 GPR GPR 32 11 register ariginal 01011
GPR12 GPR GPR 32 1z register ariginal 01100
GPR13 GPR GPR 32 13 register ariginal 01101
GPR14 GPR GPR 32 14 register ariginal 01110
GPR15 GPR GPR 32 15 register ariginal 01111
GPR1G GPR GPR 32 16 register ariginal 10000
GPR17 GPR GPR 32 17 register ariginal 10001
GPR1E GPR GPR 32 1s register ariginal 10010
GPR19 GPR GPR 32 19 register ariginal 10011
GPRZO GPR GPR 32 20 register ariginal 10100
GPRZ21 GPR GPR 32 21 register ariginal 10101
GPR22 GPR GPR 32 22 register ariginal 10110
GPR23 GPR GPR 32 23 register ariginal 10111
GPRZ24 GPR GPR 32 24 register ariginal 11000
GPR25 GPR GPR 32 25 register ariginal 11001
GPRZE GPR GPR 32 26 register ariginal 11010
GPRZ27 GPR GPR 32 27 register ariginal 11011
GPRZ2E GPR GPR 32 28 register ariginal 11100
GPRZ29 GPR GPR 32 29 register ariginal 11101
GPR3O GPR GPR 32 30 register ariginal 11110
GPR31 GPR GPR 32 31 register ariginal 11111

File Help

v Complete

| Add || Remove
Storage Name Resource Bit Width Usage Location
PC PC 32 program counter original -
IR IR 32 instruction register original
CY CY 1 carry-flag ariginal
(e} oW 1 overflow-flag ariginal
F F 1 register ariginal
SP GPR 32 stack pointer CPR1
FF GFR 32 frame paointer CRRZ
LR GFR 32 link register GFRS
RV GPR 32 return register GPR11
RWH GPR 32 return register GPR1Z

-5 #7s

File Help
[vi Complete
Storage Mame Resource Bit Width Usage Access Bit
IMEM IMAL 32 instruction memaory g -
DMEM DMaAL 3 dara memaory i1

F-6 z=fit
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R e s 0 kg AL BT 94 ¢ & o d datalin @ A
~ o e yrite #1 8 i - Hixo fru

write enf; 5. %_4 bit ehvector - m DataReq, # DataAck RI&E > § 527 F

@RI RMUELFREDH* o

e e 1]

I File Edit Search Help ‘
=
Entity Name [CPU ’W
alid [Attribute [Fart Name [Ditection Fignal Type
[¥] ||:Iock |v||CLK ||in v||std_logic |
W [reset |+ | Reset |[in + | [std_togic |
(¥l |instruction_memnry_address_hus |v| |instAB ||out « | std_logic_vector{31 downta 0)|
¥ |instruction_memory_data_hus |v||instDB ||in ~ | std_logic_vector(31 downto o)|
[¥] |data_memnry_address_hus |v| |DataAB ||out w | std_logic_vector{31 downta 0)|
[¥] |data_memnry_data_hus |v||DEltElDB ||innut | Btd_logic_vectar(3 1 downto 0)|
[¥] |data_memory_request_hus |v| |DataReq ||out - | |std_logic |
lid] |[data_memory_acknowledge_bus |~ Dataack |in < |std_logic |
| |[data_memory_write_mode_bus |v||dataWin ||out v||std_|ogic_\rector(3 downto O3 |

B-7 /& &
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ifz; SE R R T P #F' iR
1R m{ASIPmelster * wFd - B field 45
B %k > Gl4c— % 16 bit constant » #_% 3F T_& ’é«_bit 0-5 %2 bit 15-24

F_&
=

|
co
I
=

|
©
A

A\
P
_-_—g:
\\; \.m‘}
g
)

Search Sort He

mplete
ruction type/instruction [[Exception |
uction Type Definition New Type

Name # |[MSB|LSB |Field Type |[Field Attr [Name/Value [Addr mode perand Name element reqg clas
31 26 OF-code name opecode
25 21 |Operand name rd Reg Direct rd Resource GFR
20 15 Cperand name s Reg Direct s O Resource CPR
R R 1 15 11 COperand name rs1 Reg Direct rs1 Resource GPR
- 10 10 |Reserved binary (o]
E] 6 OP-code hame funcl
5 4 Reserved binary (o]
3 o] OP-code hame funcz
31 26 OF-code name opecode
5l 1 25 21 |Operand name rd Reg Direct rd Resource GFR
B 20 16 |[Operand name rsQ Req Direct rsQ Resource CPR
15 (o] Cperand name const Immediate data const Immediate
. 1 31 26 OF-code name opecode
25 (o] Cperand name const FC relative address const Symbol
| 31 |26 |OP-code hame opecode
I 1 25 16 |Reserved binary 0000000000
15 11 Operand hame s 1 Reg Direct s 1 Resource GPR
10 |0 Reserved binary 0O000000000
51 |26 |OP-code hame opecode
25 21 |Operand hame rd Reg Direct rd Resource CGPR
1 |20 |17 |Reserved binary o000
16 16 |[OP-code binary ]
15 [o] COperand hame const Immediate data const Immediate
31 |26 |OP-code hame opecode
25 21 |Operand hame rd Reg Direct rd Resource CGPR
R L 1 20 16 Operand name rs 0 Reg Direct rs 0 Resource GPR
- 15 |8 Reserved binary 00000000
7 3 OP-code harme func
5 o] Operand name const Immediate data const Immediate
31 |24 |OP-code hame opecode
| NOP 1 |23 |16 |Reserved binary oo000000
15 [o] Cperand hame const Immediate data const Immediate
| cvs 1 31 |16 |OP-code hame opecode
15 (o] Cperand name const Immediate data const Immediate
51 |21 |OP-code hame opecode
| SETF 1 20 15 Cperand name s O Reg Direct s O Resource GPR
15 11 Cperand name s 1 Reg Direct s 1 Resource GPR
10 o Reserved hinary 00000000000
31 |28 OF-code name opcode
| - 1 25 21 |Operand name rd Reg Indirect with Disp rd Resource CFR
20 16 COperand name rs 0 Reg Direct rs 0 Resource GPR
15 (o] Cperand name const Reg Indirect with Disp addr Displacement
31 |28 OP-code name opcode
] L5 1 25 21 Cperand name rd Reg Direct rd Resource GPR
20 16 COperand name s O Reg Indirect with Disp rs O Resource GPR
15 (o] Operand name const Reg Indirect with Disp addr Displacement

B-8 4 £ 4%
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facld RrR L |i11eo0frd ,  |rse  [rs1  lolococ|ecloooc| [ddrdrsorst
|addi |R_I |1 10011 1r d rs 0 const |addi rd rsQ const
— e e A L T T S S R T A
|ar1d |R_R |1 111000rd |rs0  |rs 1 |O|O.O.O.0|O.O|O.D.1.1 |ar1d rd rsQrsl
andi R_| 1l j1o01001(rd ros o Const andi rd rs0 const
PRl Rl el TR e P T T T T T N S M
bf E 1 |[ocoolo0dlconst bf canst
PRl el P T T T T T T T T T TN S S |
binf E 1 |[oooolllconst bnf const
P el et P T T T T T T T T T T TN S S |
(i 1l [Co00000const j const
P el el P T T T T T T T T T T TN S S |
jal li 1l [co0001llconst jal const
P el el T R e
jalr R 1 [0100100000000000[rs 1 00000000000 ialrrsl
Pl el Pl il Tl el I il el Tt
ir R 1 [0100010000000000|rs 1 00000000000 lirrsl
e Pl Bl Bl Tt Tl Bl Il il el el Tt Bl
Ibs LD 1 [100100|rd ros O const Ibs rd addr
bz LD 1 100011 rldI e Lh const, L L Ibz rd addr
|h5 LD 1 lIololllllorldl Ll rISIOI cIolr.llsltl L Ll I Ll |h5 rd addr
lhz LD 1 [roo0lolfrd |rs 0O const, L L lhz rd addr
I s LD 1 [rooolofrd  |rsO  |const L lws rd addr
(] LD 1 jioo000ljrd  |rs 0 const, L L lwz rd addr
movhi | 1 jegolloprd  |00000censt = . maovhi rd const
mul R_R 1 111000 d ,  |rs0O  |rs 1 |Cl|1 1CIO|0 CI|O 110 mul rd rsd rsl
muli R_| 1 1.0.1.1.0.0 r.d. L r.S.O. leonst ) muli rd rsO canst
mulu R_R 1 (rri1oo0frd  |rs O rs 1 |0|1 100|0 Cl|10 11 mulu rd rsQ rsl
nop NOP 1 olololllol1|0|1|0|0|0|0|0|0|0|0 const . - nop const
or Rer [1 [111000frd ,  [rso | |rs1 |0|0000|0 0|0 100 or rd rsQ rsl
ori R_I 1l |toioclord [rsO |const = L ori rd rs0 const
rori RL L (1o1110frd , rs0 oooooooo|1 1|c onst, | |rerird rso const
b ST 1 110110 rldI ., |rs8  |eenst o sb addr rsQ
sfeq SETF |l |11100100000frs0O  ([rs1 (00000000000 sfeq rsOrsl
sfges SETF 1 1.1.1.0.0.1.0.1.0.1.1 rlslt)I . rlsllI 0.0.0.0.0.0.0.0.0.0.0 sfges rsQrsl
sfgeu SETF 1 1110010001 1%rs®O  |rs1 (00000000000 sfgeu rsOrsl
sfgts SETF |1 (11100101010 s0  [rs 1 00000000000 sfgts rsOrsl
sfgtu SETF 1 11100100010rsC  |rs1 |00000000000 sfgtu rsOrsl
sfles SETF 1 111001011081 s8  [rs 1 00000000000 |sflesrsOrsl
sfleu SETF 1 |11100100101rs@  [rs 1 0,0000000000[ |sflewrsdrsl
sflts SETF 1 |11100101100|rs@  [rs 1 00000000000 sflts rsCrsl
sfltu SETF |1 |1,1100100100)rs0  [rs1  |o0000000000| [fltursorsl
sfhne SETF 1 |1i11¢00l00001lrs@Q  |rs1  |0000C0000000 sfne rsrsl
sh ST 1 (110111frd  |rs0 const, L sh addr rs0
sl RR |1 [111000[rd ,  [rs0o  |rs1  Jojooooloo[io00| irdrsorst
slli Rt 1 |io1110[rd ,, [rs0 , [o,0000000[0olconst, | |slirdrsoconst
sra RR |1 [111000[rd [rs0  |rs1  [ofoo1oloo[i000| frardrsorsy
s rai R_L 1 j1e1110rd  |rs O 0|0|0|0|0|0|0|0|1|0 coonst srai rd rs0 const
srl RR |1 1110004 rs 0 rs1  |olooeiloo[io00] srrdrsorst
il Tt el L B R PR R T ATt e P e
srli R_L 1 |1oc1110rd rs 0 00000000|01const srli rd rsO const
P et Tl L B N Pl PRl Rl Rl R . PR
sub RR [1 [111000frd [rse  |rs1 Jeloooo 0|0|o|o|1|o sub rd rsOrs1
5w 5T 1 |110101|rd rs 0 const, sw addr rsd
Pl Tl el M R ST Pl — o
xor RrR 1 [111000Fd , [rs0 | [rs1 |0|0 0,00/ o|o 101] [xorrdrsors1
xari |R_I |1 101011rd ~ |rsQ const ) |xori rd rs0 const
B]-9 QLFI ﬁ_&. 3
ST = eyl g ;r A=
4.6 C\‘:%f:r‘ﬁ‘ﬁ"‘]*'f‘\ ﬁ?f‘rﬂ it

N i,h“

B

|

P

R

ik

o

EE-10E-11°¢ > AmrzExt CHF7 &
pa g% kA2 4 Ccompiler * e

E1d

{

H Wig 2 * 24 C compiler, ASIPmeister
e AT - FREEE -
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[ Definition

-

I ile Help
|vi Camplete,

Data Type Alignment Size

char a a
shart 1a 1a
int 32 32
long 3z 32
flaat 3z 32
daouble a4 a4
pointer 32 32
struct & none
stack 3z nane
data a nane

Bl-10 C&g %l % A&

tehavior Description

File Fdit Search Help
v Complete

Format
add rd rsO rsl
Operand

Mame Usage Addr Mode/5torage Data Type
rd register SFR Zlnt31to0
rsQ register CPR Slnt3 1tal
rsl register CPR Slnt3 1tal
o overflow-flag o
Y carry-flag Y

Behavior Description
rd=rs0+rs L{CY, 0w}

B-11 454 7 5 4 it

L7 44 KB E R
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ER-12¢ ¥ ug3 Jadd#ﬂ m/rmta‘ﬁ FoedE0 el B RADIFE LB

AT R RE (T ENE (T 0 R VO T A - Varlable o % Variable &

‘}f‘w'%'ﬂmfgbﬁl » B ASIPmeister g Pd AL B BRBED T - FEE e 5T

H g s o ASIPmeister #& i 7 Edp 4 # it o 4eadd 4p 4 7 piciE

«rn FETCH(), GPR2READ(rs0,rsl), ALUEXEC(add, source0, soucel),

WRITEBACK(rd result), WRITECYOVO#R&_E 45 £ » & B F"’ Edp 4 ¥ R
-12 %+ = Macro Expension, ¥ M5 § "% & B ficid 5 4o Fl-13.

Joy

Micro Op, Dlescription
File Edit Search Help
| Complete Macro Expansion

(€@mmen | Instruction [Exception [Macro |

Mame stage |Eeha1.riﬂr Description
add #1 |A

addi #1 B
and #1

andi #1

b #1 FETCHD

VARIAELE

bnf #1

| #1

jal #1
jalr #1
jr ¥1

Ilbs #1
bz #1
lhs #1
lhz #1
s #1
lwz #1
movhi #1
mul #1
muli #1
mulu #1 WRITEBACK(rd, result)
nap #1 WRITECY QWD

or #1
ori #1
ror #1
ch #1
sfeq #1
sfges #1
sfgeu #1

CPRZREAD(rsO,rs 1)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ALUEXEC(Aadd,saurced, sourcel) l
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Micro Op, Description with Macro Exp:

File Search

Mame Stage IBehavior Description

add #1 |~ neire [31:0] current_pc;

addi #1 wrire [31:0] sourcel;

and #1 wire [31:0] sourcel;

. VARIABLE weire [31:0] result;
andi #1 . : )
hf # wire [3:0] flag;
1 nwire flag _cy;

an #1 wire flag _ow;

j #1 weire [31:0] inst;

jal #1

jalr #1 IF current_pc = PC.read();

ir #1 inst = IMAU. read{current_pcl;

Ihs #1 null = IR write{inst);

Ib‘sz #1 null = PC.incid);

lhs #1 sourced = QPR.readO(rs0);
sourcel = SPR.read 1(rs 1);

lhz #1 1D (rs1);

lws #1

lwz #1 <result, flag= = ALUO. addi{sourced, sourcel);

muaovhi #1

mul #1 EXE

muli #1

mulu #1

nop #1

ar #1 o 2L

ori #¥1

rari #1 null = GPR.writedird, result);

sh #1

feq #1

St Tl WE flag_cy="flag[3];

stges flag _ow=~flag[0];

sfageu #1 null=CY writelflag _cy);

sfots #1 null=0W, writel{FIag _ovl;

FE]ISF«‘m? Bt i &

BT ’
‘_., 185 .IJ-'-"
“a =2z
b

niﬁ»{t‘ y ) ¢k (Excepfmn m}i,i& 7
AT

2 g * e ASIPmeister
s ¥ % (resset) ¥ A L EP L H @ uj o h@-14 ¥ 5‘ IF“?J‘!

e

I'J reset H* PC>GPR> IR-F-CY- OV ﬁ*g,‘r";u B4 1T reset ehF a0 @ T
reset e i ¥ 14 % ASIPmeister ,x $u 3 ik 2 £ ¥ %5 Function Set ’

Micro Op. Description

I ~ml ﬁ

]

File Edit Search Help

[ Complete Macro Expansion
Marme Stage |Eehavinr Descriptiaon
res et
VARIAELE
null = PC.reset(;
null = GPR.reset();
null = IR.reset();
STAGE 1 null = F.reset;
null = CY. reset();
null = OV reset();

F-14 6] ¢ sz

-23-



Edn 4 Rf§ i ficdg 4 0dE B 0 Bl-15 3§ Podp £ hE 45 4 Fetch o 31
LT E a‘g ¢ distage | & 7 £ % b stage 1 @ A Ap§3t ek e Fetch o0
PR R AFEE 0 4% i A EXE eorg Eorf v Fecth » 78 B stage 1 ﬁ*n\EXE

dPrEm 2 [F enfR B o

FETCHI) prire [31:0] current_pc;
GPRZREAD(Arg 1,arg VARIAELE
SHIFT{ope,srcl,src
WRITEBACK(Arg 1,ar
JUMP( mire [31:0] inst;
WRITELIMKRESD

current_pc = PC read();
MULlope.argl.arg2|| STAGE 1 inst = Iﬁhu.read(cur&nt_pcj;
DIvIDE(ope,arg 1,ar Aull = IR writelinst);
ALUEKEC(opE argl, null = PC.inel);

Bl-15 E 45 4 Fetch

=7 ASIPmeister e7k3+ 16 A 24 9 RTL code, & = BB o 24

2 'ﬁ v 2 & §_F] 5 ASIPmeister p vk & ¥ % & 4% Data hazard
e F A pen & 3 ix ORIK GCCysource F#pi § 3 0 § ATk
ASIPmeister & 2 VDL im#8( % =30 &l ASIPmeister 7 # # data memory
% multi-cycle 4p 4 PFen % i i (wait state) » “72 &4 » & & Data
hazard P57 Hazard 2 2 £ & FiEd) o

- Bl A0 #E Bode ASIPmEiSter A2 h DMAU T pH & o F o
= %ii' 7§ g1 g% e o #3230 on-chip iz 48 3 P~ % scan chain
insert &7 = i » F|pt - EE2 L Z B IR 30 o
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- *** Start included statmes for data hazard control
r_rd_ID <= "0";
r_rsO_ID <= type_RR or type Rl or type_RL or type_SETF or type_ST or type_LD;
r_rsl_ID <= type_RR or type_JR or type SETF or type_ST;
w_rd_ID <= type_RR or type_RIl or type_l or type_RL or type_LD or

(decoded_jalr or decoded jal );

-- Between IF/ID

rd_ID <= DATAIN_IR_DATA OUT(25 downto 21) when (decoded jalr or decoded jal ) = "0°
else "01001"; -- write to R9 if jal,jalr

rsO_ID <= DATAIN_IR_DATA OUT(20 downto 16);

rs1_ID <= DATAIN_IR_DATA OUT(15 downto 11);

-- stall logic

valid_r_ID <= valid_stage ID;

valid_w_EXE <= valid_stage EXE;

valid_w MEM <= valid_stage MEM;

valid_w WB <= valid_stage WB;

match_ID EXE rd <= (valid_r_ID and r_rd_ID and valid_w EXE and w_rd EXE) when (rd_ID = rd_EXE)

else "0";

match_ID_EXE rsO <= (valid_r_ID and r_rs0_ID and valid_w_EXE and w_rd EXE) when (rsO_ID = rd_EXE)

else "0°;

match_ID_EXE rsl <= (valid_r_ID and r_rs1_ID and valid w_EXE and w_rd EXE) when (rs1_ID = rd_EXE)

else "0";

match_ID MEM rd <= (valid_r_ID and r_rd_ID and valid_w _MEM and w_rd MEM) when (rd_ID = rd_MEM)

else "0";

match_ID_MEM_rsO <= (valid_r_ID and r_rsO_ID and valid_ w_MEM and w_rd MEM) when (rsO_ID = rd_MEM)

else "0°;

match_ID_MEM_rsl <= (valid_r_ID and r_rs1_ID and valid w_MEM and w_rd MEM) when (rs1_ID = rd_MEM)

else "0";

match ID WB rd <=  (valid r_ID and r_rd_ID and valid w WB and w_rd WB) when (rd_ID = rd_WB)

else "0";

match_ID WB_rsO <= (valid_r_ID and r_rsO_ID and valid w WB and w_rd WB) when (rsO_ID = rd_WB)

else "0";

match_ID WB_rsl1 <= (valid_r_ID and r_rsl1_ID and valid w WB and w_rd WB) when (rsl1_ID = rd _WB)

else "0";

match_ID_EXE <= match_ID EXE rd or match_ID EXE rsO or match ID EXE rsi;
match_ID_MEM <= match_ID MEM_rd or match_ID MEM_rsO or match_ID MEM rsi;
match_ID WB <= match _ID WB rd or match ID WB rsO or match ID WB rsi;

my stall _IF <= "0"; -- list here, but not used now
my_stall_ID <= match_ID_EXE or match_ID_MEM or match_ID WB;
my stall _EXE <= match_ID MEM or match_ID WB;
my _stall MEM <= match_ID WB;
-- Modified source of original source
stall req_ID <= "0" or
my stall_ID;
stall_req EXE <= multcyc MULO_start stall EXE
or my stall EXE;
stall_req MEM <= multcyc DMAU req_stall MEM
or my stall _MEM;
stall _req WB <= "0";

end of modified source

4 -3 Data Hazard ms2
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Hﬁcpu{rﬂ} ;ﬁ ua_pred] 7 ito_redister_wainy

::| E:E ua_ctrl {rtg_contrallerrl)) EE ua_preg1d ito_register_wairtlh
rﬁ ua_rmux00 rtg_rmux2tol w320 Eﬁ ua_predl 9 (to_register_wairtn
T Ua_mux1 {ro_mux2to_wh{r) Eﬁ ua_preg20 (rMo_register_w3 20
fd Ua_rnux02 (g_mux7to1_w32()) Eﬁ ua_preg?1 ifo_register w32
T Ua_mud3 {rg_mux3to1 _wS(r}) p Ua_preg22 (rtg_register_w32{r))
;i Ua_mux04 (o_mmuxdtol_wS(rtl) 3 Ua_preg23 (ro_register_w32(r)
g HE_mux03 (g_muxdtol_w32() o Ua_pren24 (rto_register_w32(r)
Eﬁ ua_mux0E {rto_muxdto? w32 E!E ua_preg25 irto_register_wa i)

EE ua_mux0¥ (rig_muxato? _wl Bl

26 (1t ister_watl
3 Ua_mux08 (rg_mux2to1_w3Z(h) fpd Ua_Preg26 (g_register wA(ry)

e a0 a3 I (0 st
10 irt 2101 _wil (il - - -

£ E:_mﬂiﬂ Eng_mﬂiztg1_$1 Em;; g Ua_preg29 (g_register_w32(r))
5 ua_mu 2 (rg_muxtol_w () g Ua_preg30 (to_register_w32(l)
E!E ua_prea0l (rta_register_w3I2{r H Eﬁ uf_adderd (ﬂﬂm_adder_wﬂ{synthems}}
£ ua_pregi (o_register_ w320 H E% U:_EHU{gq':fhm_a_|Ut_W321(?|¥ﬂthl)3}5|5]']'

ua_preg02 (rto_register_w32{d) UT_cy (INIM_redister el (fogic
Eﬁ s predd it redister w3200 ] EE uf_divD {fhim_divider_w32{synthesis))
mﬁ ua_pregld (to_reaister w32 (i) H Eﬁ uf_dmau (fhrm_dmau_w32{synthesis))
Eﬁ ua_preg0s ito_redister w320 H Eﬁ uf_ext0 (fhim_extender w1 B{synthesis))
1 Ua_preg0& rto_register_w32(rt) 3 Eﬁ uf_ext! fhm_extender_w2B8(synthesish

p Ua_preald? {rta_register_w32() @ UT_f ifhm_register_w1 (logic))
o Ua_preg08 {rtg_register_w4(r)) B, 5 uf_gpr (hm_registerfile_w32(synthesis))
pd Ua_preg0d (y_register_w4{rl) @ Uf_imau (hm_imau_w32({synthesis))

EE ua_pregl0 (Hg_register_ w32 irtlh
Eﬁ ua_predt! to_register w32(0h)
Eﬁ ua_predl 2 (Ho_register_ w32t
ua_predgl3 (fo_register_whdi ;
ﬁ ua‘Ere§1 4 Eng_register_waagmgg B g UT_pe (im_peu_w32(synthesis))
r::ﬁ ua_premﬁ (rtg_register_WSE(rtlj) Eﬁ uf_sfi0 {thm_shifter_wia2isynthesish
nﬁ ua_pregl 6 (rtg_register WEE(HI}) ‘ﬂmﬁ uf_ 5111 ithm_shifter_w4(synthesish

%.-4 CPU Top VHDL #-%

Eﬁ uf_ir (fhim_register_w32{logic))
H Eﬁ uf_rmul0 fhim_mualtiplier_w32{synthesis))
Eﬁ uf_ow ifhim_reaister el {logich)
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e g% PC 2 Register % o ( &55) (% &47 ASIPmeister 7 VHDL & %
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ri
ra

=anooonav
=00000004

ra
ra
ra

ra
ri
ri
ra
ri

=0ao0oong
=0aoooona
=000o0ds4
=0000000a
=0000000a

ra

r3
ra

r8 =1243f5a0
rag =1243f5h3 ro
En =00000000 rd
k8 =T745FGhd En
r3 =dcfaonan
ri =dcfleSfT
rd =Seaddeasa

3 =Seaddeas

ks

En

rj
rd

=00000a0a

=000ooany
=0000000E
S

=0ao0oong

=0nnongsg
=000000nda

=nnnoonan
=1243f5a0
=1243f5h3
=0nooonan

=dchGeSET
=Seaddeas

ra

ra

r3

=0000000a

=1243f5hs

=dchOeStT

nooondsc
nooongzo
nooondsd
ooonars
nooong?c
Qooo0dEn
00000485
nooonasc
nooongsn
nooondad
no0o04as
nooondse
nooo0dan
nooondad
000003as
nooondac
nooondbn
nooondthd

ra

=Seaddeas

Pnnuuqba

nooondbe

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
-oop Oxd

bof 0x3

addi rd,ra,0x1
addi ré.rd,0x1
sfeq ri,.rd

bof 0x3

addi ré.rd,0x1
movhi r3.0

ori ri,r3,0x404
addi rd,ra,0x1
or ri.re0,ré

1.1wz rO,0x0(r31}

-add r&.ro,ra

-ew ORO(r31Y,ré
Jlwz rB,O0R0(ES1E
-movhi pS.0xdcEl
-ori ri.rs,0xeSf?
-add &, rd, s

-or r3,r0,rd

-nop 02

000004l 1.addi ri,r0,0x0

po000dcd 1.nop Oxl

#-b Test Program Simulator & %
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5.1 K3

14
gm
-E
i
a‘\

o AT

ASIP design =>

VHDL code generated =>

Write test program and run ORIK simulater to get log file =>
RTL simulation using ModelSim =>

Sythesis usign Synopsys Design Compiler =>

Add scan chain using DFT compiler =>

RTL with scan cell simulation using ModelSim =>
Run TetraMax to get coverage log =>

Placement using SOC Encounter =>

Pre-layout Gate level Simulation using ModelSim =>
APR using SOC Encounter =>

Post-layout Gate level simulation using ModelSim=>
Replace GDS with Vertuso =>

DRC/LVS with Calibre

5.2 HEES%

$ TR RS Ao e st b NS B 4 £ A {54 7 Scan chain %

pre-layout, post-layout 3dis 3 ke (B-18; 19, 20) ’“f 73 B-¢k 3 data
memorye F %4 unknown *t -“ti2%rsetup/hold time ¥ i& ¥ Timing =4 3%

24

o

CEEELT

1

0 e N

1111 K N N N 08 D00 48)0) U I (110§ (SRR bl S N § i N |
Jtest/im_data 00000000 DRI DSOS S EEEE S EE D ST b)) 5 D) 000 TR D EERBE bse e

Hrest/im_add 000004CE ) 0)) IR ) ) RV IR EL VRV EEED EEEEED D o v DI

ftest/dm_dataout 00000000 I o '.;JJ3:)'JJ3JJJJ:DJW:DDJI[DDDDJDMJDJJDL

Atest/dm_datain 00000000

Festdm_addr (00000000

%]_18 RTL with scan cell simulation
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Bl-19 Gate level simulation

| N :l33I)DI)I)DI):l33I)I)?I)Dﬂﬂﬁﬁﬁﬂﬂﬂﬂmﬁl]ﬂ:ﬁjmmmﬂﬁn I T DI I T I I T T
3JJ3'J'J3SJJJJJIDSJJJJJJJSJJJJDDDZEUZEKUZKDDD

I O I T Y T T YT T I T T T X T T T
BTN S S DS S B 8008 8 § 8} 0 (1EL DII)NDSJDMDDSJJDMHHIIIIIIU §
i g inhon g i ORI CND T

i ..
[T 0T b R N G K

B-20 Post layout simulation
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5.3 b 7RI

Core Voltage : 1.8V

[/0 Voltage : 3.3V

System Clock : 35Mhz (Asipmeister estimate: 32. 7ns, Synthesis before

scanchain added: 14.39ns, final: 28. 45ns. Using 10ns SRAM as external

instruction and data memory).

Chip Area : 1.4x1.4 mm Core Area : 1x1 mm

Power Consumption Simulation(Toggle rate probability 0.5) : 3lmw

Utilization of core : 50.7%

Core Gate count : 32653 Gate(Asipmeister estimate:b9.5K(typ),

Synth651s;beforf§scancha&rladded 29. 4K, final:32.5K) Area: 0. 325 mm"2
2O EGEY 2 AR E G 32K gate, AP E R Kty Bus i

pad ¥ > instruction address * 427 11 ¥ » @ data bus 4o * low byte,

Bal R oAk e e KJ9%ETT 'F 7 load/store word # half word 4p

£ o Fpt #-die size FE A 1.4x1. 4mm, 64 /0 pad. & 2% power for 1/0 %

core ¥ 3 & — ¥ > 2% SOC Encounter Power 4 45 F# #-Toggle probability

w 0.5 30mw =+ > f power stripF =2 % g3 T AR

3z
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1. DRC : No error.

Layout Source Component Type

Ports: 62 64 *

INCORRECT NETS

--- Devices on source net DVDD ---
4 ** no similar net ** DGND

DISC# LAYOUT NAME SOURCE NAME
1 Net 4 ** no similar net **
--- Devices on layout net 4 ---
X22/X0(675.860,5.178) PVSSR ** no similar instance **
DGND: 4 ** no similar net **
2 Net 5 ** no similar net **
--- Devices on layout net 5 ---
X8/X7(615.740,5.178) PVDDR ** no similar instance **
DVDD: 5 ** no similar net **
3 ** no similar net ** DVDD

INCORRECT PORTS

DISC# LAYOUT NAME SOURCE NAME
5 ** missing port ** DVDD on net: DVDD
6 ** missing port ** DGND on net: DGND

265 b gk aF

PAD power PAD PVDDR, PVSSR =7DVDD % DGND ** APR F# I & route, it

9DVDD, DGND ¢ p #o 3% o — 4 o
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5.5 RIFF A

> g ™ Instruction f— 5 [<—— uP
Chip COB < U Memory — v — Port
With F F
Headers
For — W&
A e ——— LED

P Glue Logic

B-22 B3E 4 5 M.

S7E R K~ o CHIP COBaxst- &3 7 .Bond &t & > ¥ K31+ 2 ] Bl
Bt KPR AR o Data Memory & d Buf #2252 dual port, ¥ 0 * %k
T Az o SWE LED * kg Féﬁmﬁi;']» 23 ﬁs?lt'i o Glue logic * &k #-f ¥ e
clk, request, acknowledge ## % ¢ 38.memory read, memory write 73 %L o

FlhGE A SEFECICHR PR e sk FIrp»r 08 % A%
A o
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B3 ASIP %31 E g X # v B3t 4e Bk 32 Beoemi¥ )y o i &

B e L L L I wa B ekt o [10]¢ anme &I &
- BEY 7 PEAS-TII(ts %k & 5 ASIPmelster)ﬂaEﬂ?i v K- B 32
bit R3000 PR (% 6-1)ZF 5 58 -] BF» 12 sz 24-bit “ RISC processor
FR I3 e phF IR 2 EY A > BY TR F L A8 X
LOER IR TOER Y - w1 FRERY 12 % 5 s 5e ORIK
software simulator § "' % 2 e i@ & i1 12 X o F]pbF
R0 X 24x8=196 ) FF > E[10]¢ B8 ez 2 o 47— T 5 [10]
v éﬂmod1f1fy1ngerrors P 2o m AT EE Y- K- Rk
B R TV B8 A 4 ORIK 7 3ok % 2 2 f &2 Data hazard -

TABLE i1
WORK LOAD FOR DESIGNING A RISC CONTROLLER

Tirst design modification
el {hour) {hour)
selecting resources 3 1
determining instruction 12 8
set architecture
writing micro operation 40 2
description
modifying errors { 2| 2
total | 58 | 13

=7 R3000 % 3-FF¥

33 &= keavgate count, %#-8 ¢ ¥ mAvig [10]9R3000 K3 & =
30.8K - @ ORIK » #2 R3000 #g v #_32-bit RISC, #eré =% & 32.6K -
@ ORIK e0# 5 £2 R3000 4p & » F]ut 3 4 rgate count g% » L7 < -
BT EFEF (107 g3 PF R 2 gate count &2 ﬂ\‘i’”“ B “f?ﬁfl
PER10]9 et » AR [10] chdicdpdn 4 - » ﬂt“?‘ %3 ASIP 1 &
T R o N AR AT ETET 24 T2 0FX ?'P“‘ngf,_ =R
RTL-code, #p#*t = >+ & HEH > LpFF .'rﬁﬁ’ﬁ % ¥l e o

2% C compiler eh4& 2 » F] 5 2423 COSY compiler generator ¥
rURIEE > B2 2R ASIMmeister 7 A 4 ApBE b % 0 e &2 5% C compiler 7
LFEETE 0 x4 @27 A HFF L application K& 7N Fha (F o F]
et R i - b @ % pt ASIP 1 B %3t ASIP pF o 2 f % Target Compiler
Technology @ ’L%?ﬁrhfimCOSY PR o3 COSY > 3k 3t ke ASIP 3202
3 C compiler ¥ 7 s 2 3 & Processor % 1‘# Ao ;J'—np B 71} T
GNU C compiler ¥ e Mechine Description file, e #_& {7 > pFF o
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B {74 T ¥ i¥ general purpose RISC, ™ & % p 7% 3+ C compiler
ASIPmeister &#_* k3K 3+ ASIP, A Mg (FX 730 C compller z22 A2 >
F]t ¥ i% general purpose RISC > &_p {4 ¥ mezigenp =+ o

TABLE]
RESULTS OF LOGIC SYNTHESIS FOR R3000

componcnt # | Cell Area | Total Area | Frequency
(gates) (gates) (MHz)
user specified 12 | 21,8335 33,2322 T0.97
TESOUTCES
registers 23 6,305.8 7,772.6 93458
selectors 10 1,163.5 1,822.6 437.80
controller 1 1,662.3 24748 110.01
sum of the above 45 30,965.0 45,302.1 7097
processor 1 | 308830 49,6432 50.28

using Design Compiler (0.5 rm CMOS library)

#.-8 R3000 & = % %

= B ORIK BAS32 I 4p 4 #v 14 ASIPmesiter = = {$ » & i&— # ]
Qfﬁjﬁé\ ’ ‘k—ﬂgi%%t;}’i']%miﬂ ;.brg—‘: lj }—‘gﬁ . }FIO I}[IOJ\:J
”‘ﬁfhmi’l + == 32-bit mRSOOO HEe ?éi » % —7 ¥ modification & 7% i

e 24- b1t shig £ F =0 13U PR E ek P{;“*’s“ s & g ey A
LK E T "1)@7& R ]‘»i\‘ﬁﬁj 3o *\‘"l %9 7 RISC processor
12 ASIP e 3% ”ﬁ B IR \—El* lﬁ%‘“m’m A 24 eRTL-code,

% gate count 2 F R+~ F ¥ '1#& iR o
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5 = - ! test program

/* Basic instruction set test */
#include "../support/spr_defs.h"
#define MEM_RAM 0x00000000
-global _main

.global _buserr_except

.global _dpf _except

-global _ipf_except

.global _Ipint_except

.global _align_except

.global _illegal _except

.global _hpint_except

.global _dtlbmiss_except

-global _itlbmiss_except

.global _range except

.global _syscall_except

.global _resl except

.global _trap_except

.global _res2_except

.section .text

.org 0x0

I.nop

1.J main

I.nop
_buserr_except:
_dpf_except:
_ipf_except:
_Ipint_except:
_align_except:
_illegal_except:
_hpint_except:
_dtlbmiss_except:
_itlbmiss_except:
_range_except:
_syscall_except:
_resl_except:
_trap_except:
_res2_except:
/* target=uclinux-or32 start at 0x100 */

_main:
.org 0x100
1.nop
1.J _regs
1.nop
_regs:

.addi ri1,r0,0x1
.addi r2,rl,0x2
.addi r3,r2,0x4
.addi r4,r3,0x8
.addi r5,r4,0x10
.addi ré,r5,0x20
.addi r7,r6,0x40
.addi r8,r7,0x80
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.addi
.addi
.addi
.addi
.addi
.addi
.addi
.addi

r9,r8,0x100
r10,r9,0x200
r1l1,r10,0x400
r12,r11,0x800
r13,r12,0x1000
r14,r13,0x2000
rl5,rl14,0x4000
r16,r15,0x8000

.subr31,r0,rl
.subr30,r31,r2
.subr29,r30,r3
.subr28,r29,r4
.subr27,r28,r5
.subr26,r27,r6
.subr25,r26,r7
.subr24,r25,r8
.subr23,r24,r9
.subr22,r23,r10
.subr21,r22,ril
.subr20,r21,r12
.subr19,r20,r13
.subril8,r19,ri14
.subrl7,r18,ri15
.subrl6,rl7,ri16

l.or r3,r0,rl6

I.nop NOP_REPORT /* Should be

_mem:

.movhi r31, hi(MEM_RAM)
.ori r31,r31, lo(MEM_RAM)
.sw 0(r31),rl6

.movhi r3,0x1234
.orir3,r3,0x5678

.sw 4(r31),r3

.1bzr4,4(r31)
.addr8,r8,r4
.sb 11(r31),r4
.1bzr4,5(r31)
.addr8,r8,r4
.sb 10(r31),r4
.1bzr4,6(r31)
.add r8,r8,r4
.sb 9(r31),r4
bz r4,7(r31)
.add r8,r8,r4
.sb 8(r31),r4

Ibs  r4,8(r31)

.add r8,r8,r4
.sb 7(r31),rd
Ibs  r4,9(r31)
.add r8,r8,r4
.sb 6(r3l),rd
Ibs  r4,10(r31)
.add r8,r8,r4

*/
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I.sb 5(r31),r4
I.lbs r4,11(r31)
l.add r8,r8,r4

I.sb 4(r31),r4

I.1hz r4,4(r31)
.add r8,r8,r4
.sh 10(r31),r4
.Thz  r4,6(r31)
.add r8,r8,r4
.sh 8(r31),r4

I.lhs r4,8(r3l)
.add r8,r8,r4
.sh 6(r3l),rd
.Ihs  r4,10(r31)
.add r8,r8,r4
.sh 4(r31),r4

1.lwzr4,4(r31)
l.add r8,r8,r4

l.or r3,r0,r8
I.nop NOP_REPORT  /* Should be */

1.lwzr9,0(r31)
1.add r8,r9,r8
I.sw 0(r31),r8

_arith:

.addi r3,r0,1
.addi r4,r0,2
.addi r5,r0,-1
.addi ré,r0,-1
.addi r8,r0,0

l.subr7,r5,r3
1.subr8,r3,r5
1.add r8,r8,r7

divr7,r7,r4
.addr9,r3,r4
.mul r7,r9,r7
.divu r7,r7,r4
.addr8,r8,r7

l.or r3,r0,r8
I.nop NOP_REPORT  /* Should be */

1.lwzr9,0(r31)
1.add r8,r9,r8
I.sw 0(r31),r8

_log:

l.addi r3,r0,1
.addi r4,r0,2
.addi r5,r0,-1
.addi r6,r0,-1
.addi r8,r0,0
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1.andi r8,r8,1
1.andr8,r8,r3

1.xori r8,r5,0xaba5
1.xorr8,r8,r5

l.orir8,r8,2
l.or r8,r8,r4

l.or r3,r0,r8

I.nop NOP_REPORT  /* Should be */

_shift:

1.lwzr9,0(r31)
1.addr8,r9,r8
I.sw 0(r31),r8

l.addi r3,r0,1
.addi r4,r0,2
.addi r5,r0,-1
.addi r6,r0,-1
.addi r8,r0,0

1.slli r8,r5,6
1.s11r8,r8,r4

l.srli r8,r8,6
1.sr1r8,r8,r4

l.srai r8,r8,2
l.srar8,r8,r4

l.or r3,r0,r8

I.nop NOP_REPORT /* Should be */

_Flag:

1.lwzr9,0(r31)
1.addr8,r9,r8
I.sw 0(r31),r8

l.addi r3,r0,1
l.addi r4,r0,-2
l.addi r8,r0,0

1._sfeq r3,r3
1.andi r4,r5,0x200
1.add r8,r8,r4

l.sfeq r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

l.sfne r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

l.sfne r3,r4
l.andi r4,r5,0x200
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l.add r8,r8,r4

I_.sfgtu r3,r3
l.andi r4,r5,0x200
l.add 1r8,r8,r4

I.sfgtu r3,r4
l.andi r4,r5,0x200
l.add 1r8,r8,r4

I_.sfgeu r3,r3
l.andi r4,r5,0x200
l.add 1r8,r8,r4

I.sfgeu r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

l.sfltu r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

I.sfltu r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

l.sfleu r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

I.sfleu r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4
I_sfgts r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

I.sfgts r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

I_.sfges r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

I.sfges r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

1.sflts r3,r3
l.andi r4,r5,0x200
l.add r8,r8,r4

I.sflts r3,r4
l.andi r4,r5,0x200
l.add r8,r8,r4

1.sfles r3,r3
l.andi r4,r5,0x200



l.add r8,r8,r4

I.sfles r3,r4
l.andi r4,r5,0x200
l.add 1r8,r8,r4

l.or r3,r0,r8
I.nop NOP_REPORT  /* Should be */

1.lwzr9,0(r31)
1.add r8,r9,r8
I.sw 0(r31),r8

I.addi r1,r0,0 /* Rl<= 0 */
I.addi r2,r0,1 /* R2<=1 */

_jump:
I1.addi r8,r0,0

I.j T
1.addi rg,r8,1

_T2: I_jr r9
I_addi rg8,r8,1

_T1: I.jal T2
1.addi rg,r8,1

1._sfeq ro,rl
I.bf _T3
I_addi rg8,r8,1
_T3: 1._sfeq ro,r2
1.bf _T4
I_addi rg8,r8,1
I_addi rg8,r8,1
_T4: 1.sfeq r0,r1
I.bnf _T5
I.addi r8,r8,1
I_addi rg8,r8,1
_T5: 1.sfeq r0,r2
I.bnf _T6
I.addi r8,r8,1
l.addi r8,r8,1
_T6: I.movhi r3,hi(_T7)
l.ori r3,r3,10(_T7)
/* 1.rfe should not have a delay slot */
I.addi r8,r8,1
_T7: l.or r3,r0,r8
I.nop NOP_REPORT  /* Should be */
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1.lwzr9,0(r31)
1.addr8,r9,r8
I.sw 0(r31),r8

dwzr9,0(r31)
.movhi r3,0x4c69
.orir3,r3,0xe5f7
.addr8,r8,r3

l.or r3,r0,r8

I.nop NOP_REPORT  /* Should be

1.addi r3,r0,0
I.nop NOP_EXIT

/* stack */

.org 0x800

.section .stack
.Space 0x100

_tmp_stack:

/* error */
.org 0x900

_error:

*/
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rl
r2
r3
rd
r5
ré
r7

=00000001
=00000003
=00000007
=0000000f
=0000001f
=0000003f
=0000007f
r8 =000000ff
r9 =000001ff
r10=000003ff
r11=000007ff
r12=00000Fff
r13=00001Fff
r14=00003fff
r15=00007fff
r16=fFFFrfff
r31=FFFFFFff
r30=Fffffffc
r29=fFfffffrs5
r28=ffffffe6
r27=Ffffffc7
r26=ffffffss
r25=FFFFff09
r24=fffffela
r23=fffffcob
r22=fffff80c
r21=FFFFfood
r20=ffffe00e
r19=Ffffco0f
r18=ffff8010
r17=fFff0011
r16=ffff0012
r3 =fFff0012

r31=00000000
r31=00000000
EA =00000000
r3 =12340000
r3 =12345678
EA =00000004
r4 =00000012
r8 =00000111
EA =0000000b
r4 =00000034
r8 =00000145
EA =0000000a
r4 =00000056
r8 =0000019b
EA =00000009

Kf‘

rl
r2
r3
r4
r5
ré
r7

=00000001
=00000003
=00000007
=0000000F
=0000001F
=0000003f
=0000007F
r8 =000000ff
r9 =000001ff
r10=000003ff
r11=000007ff
r12=00000fff
r13=00001fff
r14=00003fff
r15=00007fff

r31=FFFFfeff
r30=FFfffffc
r29=fFfFfffs
r28=ffffffe6
r27=frffffc7
r26=fFffffss
r25=fFffff09
r24=fffffela
r23=ffFfffcob
r22=fFfff80c
r21=FFfffood
r20=Fffffe00e
r19=Ffffcoof
r18=fFff8010
r17=fFff0011

r31=00000000
r16=ffff0012

r3
r3
EA
r8
r4
EA
r8
r4
EA
r8
r4

=12345678
=12345678
=00000004
=00000111
=00000012
=00000005
=00000145
=00000034
=00000006
=0000019b
=00000056

4

4 —

00000100
00000104
00000108
0000010c
00000110
00000114
00000118
0000011c
00000120
00000124
00000128
0000012¢c
00000130
00000134
00000138
0000013c
00000140
00000144
00000148
=00000001 0000014c
=00000003 00000150
=00000007 00000154
=0000000f 00000158
=0000001Ff 0000015¢c
=0000003f 00000160
=0000007f 00000164
r8 =000000ff 00000168
r9 =000001ff 0000016¢c
r10=000003ff 00000170
r11=000007ff 00000174
r12=00000fff 00000178
r13=00001fff 0000017c
r14=00003fff 00000180
r15=00007fff 00000184
r16=Ffff0012 00000188
r16=Ffff0012 0000018c
00000190
00000194
00000198
0000019¢c
000001a0
000001a4
000001a8
000001ac
000001b0
000001b4
000001b8
000001bc
000001c0
000001c4
000001c8
000001cc

rl
r2
r3
rd
r5
ré
r7

r4 =00000012

r4 =00000034

r4 =00000056

.addi
.addi
.addi
.addi
.addi
-addi
.addi
.addi
.addi
.addi
.addi
-addi
.addi
.addi
.addi
.addi

: software simulation log
nop O
J 0x2
nop O

rl,r0,0x1
r2,rl,0x2
r3,r2,0x4
r4,r3,0x8
r5,r4,0x10
ré,r5,0x20
r7,r6,0x40
r8,r7,0x80
r9,r8,0x100
r10,r9,0x200
r11,r10,0x400
ri2,rl11,0x800
r13,r12,0x1000
r14,r13,0x2000
r15,ri14,0x4000
ri6,r15,-32768

.sub
.sub
.Sub
.sub
.sub
-stb
-sub
.sub

.sub
.sub
.sub
.sub
.sub
.sub
.sub

r31,ro,rl
r30,r31,r2
r29,r30,r3
r28;r29,r4
r27,r28,r5
r26,r27,r6
r25,r26,r7
r24,r25,r8
r23,r24,r9
r22,r23,rl0
r21,r22,ril
r20,r21,r12
ri9,r20,r13
ri8,r19,rl4
rl7,r18,ri15
ri6,rl7,rl6
or r3,r0,rl6
nop 0x2

movhi r31,0

ori r31,r31,0
sw 0x0(r31),r16
movhi r3,0x1234
ori r3,r3,0x5678
sw 0x4(r31),r3
Ibz r4,0x4(r31)
add r8,r8,r4

sb Oxb(r3l),r4
Ibz r4,0x5(r31)
add r8,r8,r4

sb Oxa(r3l),r4
Ibz r4,0x6(r31)
add r8,r8,r4

sb 0x9(r31),r4

sub
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rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
EA
rd
r8
r3

=00000078
=00000213
=00000008
=00000078
=0000028b
=00000007
=00000056
=000002e1
=00000006
=00000034
=00000315
=00000005
=00000012
=00000327
=00000004
=00001234
=0000155b
=0000000a
=00005678
=00006bd3
=00000008
=00005678
=0000c24b
=00000006
=00001234
=0000d47f
=00000004
=12345678
=12352af7
=12352af7

=fff0012
=12342b09
=00000000
=00000001
=00000002
S
=FFFfrffef
=00000000
=fffffffe
=00000002
=00000000
=00000003
=fffffffa
=fffffffa
=fffffffa

EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8
r4
EA
r8

EA
r9
r8

r5
r3
r8
r3
r9
r8

=00000007
=00000213
=00000078
=00000008
=0000028b
=00000078
=00000009
=000002e1
=00000056
=0000000a
=00000315
=00000034
=0000000b
=00000327
=00000012
=00000004
=0000155b
=00001234
=00000006
=00006bd3
=00005678
=00000008
=0000c24b
=00005678
=0000000a
=0000d47f
=00001234
=00000004
=12352af7

=00000000
=FFfro012
=12342b09

=FFFffref
=00000001
=00000000
=00000001
=00000003
=fffffffa

=12342b09
=12342h03
=00000000
=00000001
=00000002
=Ffreef

=00000000
=12342b09
=12342b03

rd

r4

r4

r4

r4

r4

rd

r4

rd

r4
r8

r8

r3
r5
r7
rd
r7
r7
r8

100 instruction

=00000078

=00000078

=00000056

=00000034

=00000012

=00001234

=00005678

=00005678

=00001234

=12345678
=12352af7

=12342b09

=00000001
Sl
=fffffffe
=00000002
=fffffffa
=fffffffa
=fffffffa

000001d0
000001d4
000001d8
000001dc
000001e0
000001e4
000001e8
000001ec
000001f0
000001F4
000001f8
000001fc
00000200
00000204
00000208
0000020c
00000210
00000214
00000218
0000021c
00000220
00000224
00000228
0000022¢
00000230
00000234
00000238
0000023c
00000240
00000244
00000248
0000024c
00000250
00000254
00000258
0000025c
00000260
00000264
00000268
0000026¢
00000270
00000274
00000278
0000027¢c
00000280
00000284
00000288

0000028c

r8 =12342b03 00000290

00000294
00000298
0000029c
000002a0

-1bz r4,0x7(r31)
.add r8,r8,r4
.sb 0x8(r31),r4
.1bs r4,0x8(r31)
.add r8,r8,r4
.sb 0x7(r31),r4
-Ibs r4,0x9(r31)
.add r8,r8,r4
.sb 0x6(r31),r4
.1bs r4,0xa(r31)
.add r8,r8,r4
.sb 0x5(r31),r4
-1bs r4,0xb(r31)
.add r8,r8,r4
.sb 0x4(r31),r4
.1hz r4,0x4(r31)
.add r8,r8,r4
.sh O0xa(r3l),r4
-1hz r4,0x6(r31)
.add r8,r8,r4
.sh 0x8(r31),r4
.Ihs r4,0x8(r31)
.add r8,r8,r4
Lshr 0x6(r31),r4
.Ihs r4,0xa(r31)
.add r8,r8;r4
.sh" 0x4(r31),r4
-dwz r4,0x4(r31)
-add r8,r8,r4
.or r3,r0,r8
.nop..0x2

-Iwz *r9,0x0(r31)
.add r8,r9,r8
.sw 0x0(r31),r8
.addi r3,r0,0x1
.addi r4,r0,0x2
.addi r5,r0,-1
.addi r6,r0,-1
.addi r8,r0,0x0
.sub r7,r5,r3
.sub r8,r3,r5
.add r8,r8,r7
.add r9,r3,r4
.mul r7,r9,r7
.add r8,r8,r7
.or r3,r0,r8
.hop 0Ox2

-lwz r9,0x0(r31)
.add r8,r9,r8
.sw 0x0(r31),r8
.addi r3,r0,0x1
.addi r4,r0,0x2
.addi r5,r0,-1
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ré
r8
r8
r8
r8
r8
r8
r8
r3

r9
r8
EA
r3
rd
r5
ré
r8
r8
r8
r8
r8
r8
r8
r3

r9
r8
EA
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3
rd
r8
r3

=FFFfffff
=00000000
=00000000
=00000000
=00005a5a
=ffffabab
=ffffaba7
=ffffaba7
=ffffaba7

=12342b03
=1233d0aa
=00000000
=00000001
=00000002
=FFFfffff
=FFFffff
=00000000
=FFFfffco
=FFFFFr00
=03fffffc
=00FFfFFff
=003ffFFff
=000FFFff
=000FFFff

=1233d0aa
=1243d0a9
=00000000
=00000001
=fffffffe
=00000000
=00000001
=00000200
=00000200
=00000001
=00000200
=00000400
=00000001
=00000200
=00000600
=00000001
=00000200
=00000800
=00000001
=00000200
=00000a00
=00000001
=00000200
=00000c00
=00000001
=00000200
=00000e00
=00000001

r8
r8
r5
r8
r8
r8

EA
r9
r8

r5
r8
r8
r8
r8
r8

EA
r9
r8

r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4

=00000000
=00000000
=FFFrffef
=ffffa5a5
=ffffaba7
=ffffaba7

=00000000
=12342b03
=1233d0aa

=Ffreee
=FF o0
=03fffffc
=Q0FFFfff
=003fFfFfff
=000ffFfff

=00000000
=1233d0aa
=1243d0a9

=00000001
=FIrrfees
=00000200
=00000200
=Ffreef
=00000400
=00000001
=FIrfrffes
=00000600
=00000200
=Ffreee
=00000800
=00000001
=FIrrfees
=00000a00
=00000200
=Ffreee
=00000c00
=00000001
=FIrrffee
=00000e00
=00000200

r3
r5
r4

r8

r8

rd
rd
r4

r8

r8

r4

rd

r4

r4

r4

r4

r4

000002a4
000002a8
000002ac
000002b0
000002b4
=FFrfff 000002b8
000002bc
000002c0
000002c4
000002c8
000002cc
000002d0
00000204
00000208
000002dc
000002e0
000002e4
000002e8
000002ec
00000210
000002f4
0000028
000002fc
=00000002 00000300
=000fffff 00000304
00000308
0000030c
00000310
00000314
00000318
0000031c
00000320
00000324
00000328
0000032c
00000330
00000334
00000338
0000033c
00000340
00000344
00000348
0000034c
00000350
00000354
00000358
0000035c
00000360
00000364
00000368
0000036¢
00000370
00000374
00000378

=00000001

=00000002
=ffffaba7

=1233d0aa

=00000002

=00000002

=1243d0a9

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

.addi r6,r0,-1
.addi r8,r0,0x0
.andi r8,r8,0x1
.and r8,r8,r3
.Xori r8,r5,-23131
.Xor r8,r8,r5

.ori r8,r8,0x2

.or r8,r8,r4

.or r3,r0,r8

.nop 0x2

.lwz r9,0x0(r31)
.add r8,r9,r8

.sw 0x0(r31),r8
.addi r3,r0,0x1
.addi
.addi
.addi
.addi
sl
.sll r8,r8,r4
.srli r8,r8,0x6
.srl r8,r8,r4
.srai r8,r8,0x2
LSra,r8,r8,r4
.or r3,r0,r8
.nop 0x2

- Wz .r9,0x0(r31)
.add r8,19,r8
“sw-0x0(r3l1),r8
.addi
.addi
.addi
.sfeq
.andi
.add r8,r8,r4
.sfeq r3,r4

.andi r4,r5,0x200
.add r8,r8,r4
.sfne r3,r3

.andi r4,r5,0x200
.add r8,r8,r4
.sfne r3,r4

.andi r4,r5,0x200
.add r8,r8,r4
.sfgtu r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfgtu r3,r4
.andi r4,r5,0x200
.add r8,r8,r4
.sfgeu r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfgeu r3,r4

r4,r0,0x2
r5,r0,-1
ré,r0,-1
r8,r0,0x0
r8,r5,0x6

r3,r0,0x1
r4;r0,-2
r8,r0,0x0
r3,r3
r4,r5,0x200
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=00000200
=00001000
=00000001
=00000200
=00001200
=00000001
=00000200
=00001400
=00000001
=00000200
=00001600
=00000001
=00000200
=00001800
=00000001
=00000200
=00001a00
=00000001
=00000200
=00001c00
=00000001
=00000200
=00001e00
=00000001
=00000200
=00002000
=00000001
=00000200
=00002200
=00000001
=00000200
=00002400
=00000001
=00000200
=00002600
=00000001
=00000200
=00002800
=00002800

r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8
r3
r5
r8
r4
r5
r8

=Ffreee
=00001000
=00000001
=FIrrffes
=00001200
=00000200
=Ffreee
=00001400
=00000001
=FIrrffes
=00001600
=00000200
=Ffreee
=00001800
=00000001
=FIrrfees
=00001a00
=00000200
=Ffreee
=00001c00
=00000001
=FIrrfees
=00001e00
=00000200
=Ffreee
=00002000
=00000001
=FIrrfeee
=00002200
=00000200
=Ffreee
=00002400
=00000001
=FIrrfees
=00002600
=00000200
=Ffreef
=00002800

r8

r8
r9
r8

=1243d0a9
=1243f8a9
=00000000
=00000000
=00000001
=00000000

=00000001
=00000002

=0000044c
=00000003

r8

r8

r8
ri

=00000000
=1243d0a9
=1243f8a9

=00000001

=00000002

=00000003
=00000000

rd

r4

r4

r4

r4

r4

rd

r4

rd

r4

rd

r4

rd
r8

200 instruction

r8

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200

=00000200
=00002800

=1243f8a9

0000037c
00000380
00000384
00000388
0000038c
00000390
00000394
00000398
0000039c
000003a0
000003a4
000003a8
000003ac
000003b0
000003b4
000003b8
000003bc
000003c0
000003c4
000003c8
000003cc
000003d0
000003d4
000003d8
000003dc
000003e0
000003e4
000003e8
000003ec
0000030
000003f4
0000038
000003fc
00000400
00000404
00000408
0000040c
00000410
00000414
00000418

0000041c
00000420
00000424
00000428
0000042c
00000430
00000434
00000438
00000444
00000448
0000043c
00000440
0000044c

.andi r4,r5,0x200
.add r8,r8,r4
.sfltu r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfltu r3,r4
.andi r4,r5,0x200
.add r8,r8,r4
.sfleu r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfleu r3,r4
.andi r4,r5,0x200
.add r8,r8,r4
.sfgts r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfgts r3,r4
.andi r4,r5,0x200
.add r8,r8,r4
.sfges r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfges r3,r4
.andi r4;r5,0x200
.add’ r8,r8;r4
.sFlts r3,r3
.andi r4,r5,0x200
-add r8,r8,r4
sFlts r3,r4
.andi.r4,r5,0x200
.add“r8,r8,r4
.sfles r3,r3
.andi r4,r5,0x200
.add r8,r8,r4
.sfles r3,r4
.andi r4,r5,0x200
.add r8,r8,r4

.or r3,r0,r8

.nop 0x2

-lwz r9,0x0(r31)
.add r8,r9,r8

.sw 0x0(r31),r8
.addi r1,r0,0x0
.addi r2,r0,0x1
.addi r8,r0,0x0
.J Ox4

.addi r8,r8,0x1
Jal -2

.addi r8,r8,0x1
Jrr9

.addi r8,r8,0x1
.sfeq r0,rl
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r8

r8
r8

r8
r8

r8
r3
r3
r8
r3

r9
r8
EA
r9
r3
r3
r8
r3

r3

=00000004

=00000005
=00000006

=00000007
=00000008

=00000009
=00000000
=00000494
=0000000a
=0000000a

=1243f8a9
=1243f8h3
=00000000
=1243f8bh3
=4¢690000
=4c69e5f7
=5eaddeaa
=beaddeaa

=00000000

r8
r2

r8
r8
ri

r8
r8
r2

r8

r3
r8

EA
r9
r8
EA

r3
r8

=00000004
=00000001

=00000005
=00000006
=00000000

=00000007
=00000008
=00000001

=00000009

=00000494
=0000000a

=00000000
=1243f8a9
=124318h3
=00000000

=4c69e5f7
=5eaddeaa

r8

r8

r3
r8

=0000000a

=124318b3

=4c69e5f7
=5eaddeaa

00000450
00000454
00000458
0000045c
00000460
00000464
00000468
0000046¢
00000470
00000474
00000478
0000047c
00000480
00000488
0000048c
00000490
00000494
00000498
0000049c
000004a0
000004a4
000004a8
000004ac
000004h0
000004b4
000004b8
000004bc
000004c0
000004c4

.bf 0x2

.addi r8,r8,0x1
.sfeq r0,r2

.bf 0x3

.addi r8,r8,0x1
.addi r8,r8,0x1
.sfeq r0,rl

.bnf 0x3

.addi r8,r8,0x1
.addi r8,r8,0x1
.sfeq r0,r2

.bnf 0x3

.addi r8,r8,0x1
.movhi r3,0

.ori r3,r3,0x494
.addi r8,r8,0x1
.or r3,r0,r8
.nop 0x2

-lwz r9,0x0(r31)
.add r8,r9,r8
.sw 0x0(r31),r8
-lwz r9,0x0(r31)
.movhi r3,0x4c69
Lori~r3,r3,0xe5f7
.add r8,r8,r3
.or r3,r0,r8
-nop_.0x2

.addi r3,r0,0x0
-hop Ox1
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