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Computer Organization Assignment #2
MIPS ISS : Pipeline model with forwarding
Due : 23:59, Wed, Nov 14, 2012

I. Introduction
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II. Simulation Method
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3. MIPSSim.h©| 7lineo| #define DEBUGE =M X2|3l® 7|2C 912 9i0| A|EH0|MS A2 Al
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[IF:8x%1. L[ID:8x%?]1,. [EX:8x@81.
Forwarding type : forwardid:@,
PC = B

ycle 2

> 28
regFile[28]1 = B8

»i 158
IMem[@x251]
>d 158
DMem[@x251 = A
>

= Bx@

olo| O2IojAM HE 'r20 Qs

#H dMem Zf0| =& EIC}L

= S

.

—J

m

[MEM:8x81.
forvardB:@

[WB;8xA1

[MEM:8x81.
forvardB:@

[WB;8xA1

-

209 PIX|AE O], i 1502 150 iMem (0|, d 1502 150

4. 2t AATIYO| HE

main.cpp cycleg 3t Blo| 2T 2 XZ|5t= A MIPSISS X771 E0{US. E79],
pipeline register 20| O|E L} control signal & ZtF EtO| EX= 7|A
X a|siofF &t

MIPSsim.cpp IF/ID/EX/MEM/WB 57 9| stage®| =2} function

MIPSsim.h 2t= definedt pipeline register®| data structure ZX|&. pipeline registero|

ZotAI7| 2 o2 UYEO|Lt =F5tn o2 WEO| /S Al O| data
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program_load.cpp 22| E£7|32} instructiong LWAZEE 2402+ function 2 2.
command_line.cpp | CIHZ S 2ol o1xf HEHE ZHliF= HHS &7 /st function.
III. Requirements
Otz 357§9Q| InstructionE B & 9| 'MIPS Instruction Reference’ 2 X =xsI0 58| 0F SHCY.
ADD ADDU ADDI ADDIU SUB SUBU
SLT SLTU SLTI SLTIU AND ANDI
OR ORI XOR XORI NOR SRL
SRA SLL SRLV SRAV SLLV LW
SW BEQ BNE BLTZ BLEZ BGTZ
BGEZ LUI J JAL JR
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(b) Pipelined control overview, showing the two multiplexors for forwarding,
the hazard detection unit, and the forwarding unit

Figure 1 MIPS control signal and pipeline overview

FigurelE & =S|AM 2ZtZt9| instruction®| control AMSE THE0 F1 ESH forwardingE et
logicg Z7k8joF & Zo]Ct.
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Time (in clock cycles) -

CC1 CC2 CcCs3 CC4 CC5 CCé6 CC7 CCs8 CC9

Value of register $2: 10 10 10 10 10/-20  -20 -20 -20 -20
Value of EX/MEM: X X X -20 X X X X X
Value of MEM/WB: X X X X -20 X X X X
Program
execution
order

(in instructions)

sub $2, $1, $3

and $12, $2, $5

or $13, $6, $2

add $14,52, 52

sw $15, 100($2) =

Figure 2 Data hazard & forwarding example
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IV. Implementation Details

1. 35749 instruction 33

ADD ADDU ADDI ADDIU SUB SUBU
SLT SLTU SLTI SLTIU AND ANDI
OR ORI XOR XORI NOR SRL
SRA SLL SRLV SRAV SLLV Lw
SW BEQ BNE BLTZ BLEZ BGTZ
BGEZ LUI J JAL JR

assignment#10|A ZEAFRRE 29| 35749| instruction®] 2t & FisiCh B 71X CHEA
Ol instructiond| CH8HA{= O|O] FHE|0f ULt O|F L8 2t pipeline stageQ| =Xf#ot OfL|2}

control signal, pipeline register |H0|E S& ™ Aolof SHCt

= OO0 [

Requirement #1

35749| instructionOf CHH S AsiEtD 1S LIRS 2|ZEQ AY

ro
inl

2. hazard detection unit % forwarding unit 3|

“WMIPS_assignment2¥#MIPS_assignment2¥input_assm¥’ 2| imem.txtd] HIAEECZ XSSt 7

—=3

3

—

Ctst assembly code?t QULCH CIHZAS {8l ‘imem_for_mun_debug'E E=XStH E=IC}
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Instructinn machine code BC Inatruction
00100100000111010000001000000000 @ addiu %sp, $0,512
00100100000111100000001000000000 4 addiu %££p, $0,512
00000000000000000000000000000000 & nop
00100111101111011111111111101000 12 addiu $sp,$3p,-24
00000000000000000000000000000000 14 nop
00000000000000000000000000000000 20 nop
10101111101111100000000000010000 24 aw #fp, la(s3p)
00000011101000001111000000100001 i move 3fp, £3p
00000000000000000000000000000000 32 nop
00000000000000000000000000000000 36 nop
10101111110000000000000000001000 40 aw 20,8 (sfp)
10101111110000000000000000001100 44 aw 20,12 (5fp)
10001111110000100000000000001000 g L2 : 1w $2,8(sfp)
00000000000000000000000000000000 52 nop
00000000000000000000000000000000 54 nop
00000000000000000000000000000000 &0 nop
00101000010000100000000000001010 &4 slt £2,82,10
00000000000000000000000000000000 g nop
00000000000000000000000000000000 72 nop
00010000010000000000000000010111  7a beq $2,50,5L1
00000000000000000000000000000000 & nop
00000000000000000000000000000000 & nop
10001111110000110000000000001100 &8 1w 23,12 (5fp)
10001111110000100000000000001000 92 1w $2,8(sfp)
00000000000000000000000000000000 94 nop
00000000000000000000000000000000 100 nop
00000000000000000000000000000000 104 nop
00000000011000100001000000100001 108 addu £2,853,52
00000000000000000000000000000000 112 nop
00000000000000000000000000000000 116 nop
10101111110000100000000000001100 120 3w 2,12 (5fp)
10001111110000100000000000001000 124 1w $2,8(sfp)
00000000000000000000000000000000 128 nop
00000000000000000000000000000000 132 nop
00000000000000000000000000000000 136 nop
00100100010000100000000000000001 140 addiu £2,%52,1
00000000000000000000000000000000 144 nop
00000000000000000000000000000000 148 nop
10101111110000100000000000001000 152 aw $2,8(sfp)
00010000000000001111111111100100 156 b sL2
00000000000000000000000000000000 140 nop
00000000000000000000000000000000 164 nop
00000011110000001110100000100001 168 L1 :mowve &sp,&5Lp
10001111101111100000000000010000 172 1w #fp, 16 ({%3p)
00100111101111610000000000011000 176 addiu %£sp, $3p,24
00000011111000000000000000001000 180 jr £31

1 void main(){

2

3 int i = 07

4 int § = 0;

5

g for{i = 0; i < 10: i+4)

7 j += is

81 assembly code 9| ®& c code

7
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ol g2 08 H 97tX| g2 FSt= c program@| assembly codeO|LC}. hazard7} Qg2 = U&=

a
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nopS Z|Cist E0|= YO F data hazard?| & ALE detecting 510 forwarding logicg 3

7FtLt.

H&E CIXtQlof& forwarding logicO|Lt hazard detection 7|50| 17| 20 nopO| A AE|X|
H2 ZES YHSHH MU=z SHOHA| ReCh ARXIAHO 0] AX|AL HE2le] dSot F=4
o| HIO|HE 91 ML} d}= 5 datapath?7} 2tF3S| Z4TICE

FO|Zl assembly codedM nopE TS| MAHSt= 0| SHO|CH HL0| M2 nopO| st
=

Ql=[|(load-use data hazard) O|&i £ C|HE 510 flush S9°| BIHOZ XIHEHO =R

ox!

o
=]
opg FHGIH E=ICEH(HINT:stage register& Z&dl2})

>

Requirement #2

1. forwarding logic T1&1310] imem.txte| nopg EF MAMS 0 TR2IAM0| HA ZEHst
T2 Bt

2. branch bubble, load-use hazard S nopO| ZHZ ZR3st AR0|= 0|2 detectdto] XpA|
MO Z bubbleg BHE0]3F= hazard detect 7|5 T3

3. imem.txtQ| X= A1} 457} dmemQ| O{C|0| 7|EL N
7| otCt.

A=K 20|12, & cycleg EIAO
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3. Bubble sorting program simulation
"WMIPS_assignment2¥MIPS_assignment2¥#finput_assm¥frequirement3_example'0f| bubble sorting
Off CHgt assembly code?t QUCE Z+ZEQ| instructiond CHSH 2 BRCHD 7H-StD My =2

20| 28{7l= ZA0| &0 EO|EE 1672 H7| OO Z FOIg|A iMem0f| update SIE=E

rot

c}.

Requirement #3

1. memory read/write SIS &% O 10cycle®| delayZt M7ICtD ZtHsI0 Ol F3s}
2h(FH = MEM stageO Al lcycleRtof| RSt= O|O|E 7} K| 2 2|0f read/write &&= T X)

2. Buble sorting OHE HAMES M ELt= AIHE R cycle 27?7 F R JH2| instruction
Of £ME|QUEX], B cycleO| HFEX| HAY £ Y WS ToKI0 TS0 ME8tn
Ol m=2&lo| CPIE 6t MHSIEL

3. =dZ0 dMEM O LHEO| 2l O|= IMEMO| XME E assembly ZEO| Ofd Zut
b YXSt=7t? Z=z=IWO| Y M dMEMS| LS WYz =0 XN Sstet
assembly ZEQ} data memory 7} S8 £ S5l ZT=130| HOE = UASS

= golet.

Additional Requirement : Exceptions

MSst= CIAtRlo= ClHd2 26l undefined opcode S0 CHSH assert) & AFESHA Z= 1
Of Hx== C|xtel E ZEfo|ct. 0ofof CHoi wutMO| L2+ flush, exception program
counter(EPC), cause register, exception handler S& LIEMZ Q| SfA| simulation0f BtHSHCE
1. undefined op-code
2. ALU overflow

3. MOt memory range HIO{LtE FAZ M2 A|lLG

rir
o
4o
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V. Submission

HE kA

1. EIAAO|H YLD hardcopy E5F A=)

@ Requirement#1
357}X] instruction?| #& LIS EIA0 HESID MHSHC}.
@ Requirement#2
1) forwarding logicg O{EH FoIY=X| EJ-HOH **H*PI'- dgotrt
2) hazard detect& HHEH FAHM=X|
3) imem.txtQ| %= A1} 457} dmemQ| O Lo 7|EE|MEX| 0|_T|_, & cycleg E1A
of 7|& %ot
® Requirement#3
1) memory read/write7} 10cycle delayE # =& O{EH FM =X HHDICL
2) bubble sorting G| X2 & cycledt CPIE EQILCt
3) bubble sorting ZZ 10| £ I dMEMO| LfE= Tz ZHHsI LY K|
=31, IMEM assembly coded| 273510 XMCHZ =l A7t L2 AQIX] A
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o2
o
o

1) exceptiong ?lof Foict MeSS LIEsI0] E0M0| 2. =Q10] g exception
handler & 25 EFLIEE HEIMO| 7|=.
0]

2. 20l0] MA T MIPS ZEO| MA ZRZMEEZ QF=310] HE.
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