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SIMD (Single Instruction Multiple Data)
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» structural hazards: suppose we had only one memory
» control hazards: need to worry about branch instructions
» data hazards: an instruction depends on a previous instruction
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(Resource Conflict) ddl> & a2 yo (Suwdlg

Program
execution i 2 4 6 8 10 12 14 .
order | [J I | [} [} I
(in instructions) ,

wst, 00s0 |"ga”| Rl Av | 2% B~ pipelined

> i
Ww$2,20080)  2ns | Timton]  Reg| Aw | DM | geg -
—+—Hazard if single memory
-~ i
iw $3, 300(50) 2ns | [Res] Av | e [reo
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< o Instruction Data

lw $4, 400(30) 2 ns fetch & [Reg| AW access |9

Y
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Program
execution 2 4 6 8 10
order Time T T T T T >
(in instructions)
add $s0, $t0, $t1 IF ID MEM'— WB
| sub $t2, $s0, $t3 IF Op| > MEMI— WB

(Data Hazard) gfoss slvo yblxo

3313 i O 4o 4 ADD il sy Ol giaws plo 20

1 |2 3 4 5 6 7 8 9
ADD |R1,R2,R3 |[IF |ID EX | MEM
SUB | R4,R5,R1 IF D, |EX |MEM |wB
AND | R6,R1,R7 IF\ D, |EX |MEM |[wB
OR R8 ,R1,R9 IF\ EX |MEM |wB
XOR | R10,R1,R11 IFT D, |EX |MEM |wB

IF: Instruction fetch

ID: Instruction decode/register read
EX: Execute

MEM: Memory access

WB: Write Back results in register

Data Hazard
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Program
execution 2 6 8 10 12 >
order Time T T T T T T T
(in instructions)
Instruction Data
add $4, $5, $6 tetch | €9 ALY I occess | Re9
Instruction Reg ALU Data Reg
¢ 2ns fetch access
Instruction Data
Iw $3, 300($0) - T " fech |Re9 AL access | &9
Program
execution 2 4 6 8 10 12 L
order Time T T T T T T T
(in instructions)
Instruction Data
add $4, $5 56 een | Re9 AU access |Re9
Instruction Data
* ¥ fetch Reg ALY access Reg
2ns —
® 1@ 8
Instruction Data
Le ors7 : ® p *| feten |Re9 ALY access | €9
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Lo audls sxge o 1) )95 0 paunnis 4aby Hardware interlock ol 4 (sl 581 Cusens

S0 Jo 1) JSie 5325 Ol g 21 13 piV puSb sl

1 2 3 4 5 6 7 8 9
ADD | R1,R2,R3 | IF ID EX MEM | WB
SUB | R4,R5,R1 IF stall | stall | ID, EX MEM | WB

AND | R6,R1,R7 stall | stall |IF ID EX MEM | WB

and
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IF/ID.RegisterRs
IF/ID.RegisterRt
IF/ID.RegisterRt

IF/ID.RegisterRd

EX/MEM RegisterRd

MEM/WB RegisterRd —|

Stall by letting an instruction that won’t write anything go forward

ID/EX RegisterRt
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