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A Pipelining Methodology
Step 1: STRATEGY:

Draw a line that crosses every Focus your attention on placing In these
output in the circuit, and select one pipelining registers around the examples
endpoint as an origin. slowest circuit elements it

(BOTTLENECKS). pipeline
registers,

Step 2: with
' _ =0

Continue to draw new lines from the A and
origin across various circuit 4 nS " =\O‘
connections such that these new S
lines partition the inputs from the
outputs.

Adding a pipeline register at every
point where a separating line crosses T=1/8ns
a connection will always generate a L = 24ns
valid pipeline.
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Programmability:

SoToT1ToToT1T1ToTol S

FSM

Computability vs. Programmability

Turing Machine = FSM + Tape (aka Infinite State Machine)

Computability: whatever Turing Machines can do

Universal Turing Machine (UTM):

Ty l¢y. 2] = T[]

L— "data"

“program"
“interpreter"

\FARADIGM for General-Purpose Computer!

\

S
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R-type: 5 ALU with Register operands
Reg[rd] < Rea[rs] op Reg[rt]
Tmmediat
loorxxx] r T v ] - |
Itype: 5 ALU with constant operand
Reg[rt] < Reg[rs] op SEXT(immediate)
immediat
[foxors] r T r ] . |
I-type: s Load and Store
Reg[rt] < Mem([Reg[rs] + SEXT(immediate)]
Mem([Reg[rs] + SEXT(immediate)] < Reg[rt]
mmediat
foxons[ r T v 1T e
Itype: &  Branch Instructions
if (Reg[rs] == Reg[rt])
PC & PC + 4 + 4°SEXT(immediate)
[oooo1x] 26-bit constant
J-type: Jum,

P
PC < (PC & OxF0000000) | 4*(immediate)
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PC<31:29>J<25:0>:00

iniMIPS

A Instruction

Memory

D

ALU

Rt: <20:16>
Rs:
<2505 BSEL RGEN <25:21>
Rd:<15:11 RAT  Register RA2
R:<15:113[7
A s wo|
Rt<20:163 |1 w File
e RD1 RD2  WE|<— WERF
Imm: <15:0>

sex—>[ SEXT|

“16 shamt<10:6>

NVCZ

Data Memory
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Calling procedure/Stack

@

The CALLEE will:

-Save all temp registers that it wants to
survive the call in its stack frame
($a0-$a3, $LO-42, and $ra)

- Pass the first 4 arguments in registers
$a0-$a3, and save subsequent arguments
on stack, in reverse order.

- Call procedure, using a jal instruction
(places return address in $ra).

+Restore saved temp registers

The CALLEE will:

3) Local variables

« EXECUTE procedure

Comp 120 — Spring 2005

« Allacate a stack frame of at least. & words adding
extra space (mulliples of 2 words) for:

1) CALLEE saved registers ($s0-$s7)
2) Space for temps if CALLER ($t0-$t9)

«IF CALLEE has local variables or needs access to
arguiments on stack, save CALLER'S frame pointer,
and set §fp Lo $op + (stack frame size minus 4)

« Place retum value in $v
- Restore CALLEE saved registers
- Add stack frame size Lo fop
« Eeturn to CALLEF with jr $ra

sqr:

addiu
slti
beq
move
beq

else:

sw
sw
addi
jal
1w
1w
add
add
addi

rtn:

addiu
jr

3/31/05

gi:ggggggg PC<31:20>1J<25:0>:00 [ [
Pipelined 5-Stage
PCSEL: =§-
. e \6 s
=8 | [ miniMIPS =
Instruction . ’
Fetch i =
PCRES Joo) =& RRES ]
\ seasora] em e  pinelining:
i i-+1 w2 | i3 | i+4 | 45 +6 hput
) constant
IF | add | Jal | addi| xor | or add
B . )
RF add | jal addi | xor | or add due to
Registe; . CK
File ALU add | jal |add | xor | or i
ranch delay
MEM add jal addi | xor arly branch
logic to fix a
; . .
W add | jal | add hazard
ALU
e 5 _T T_ . ts of bypass
_— BR Decision Time BR writes detection
emor ADDI reads various
STRUCTURAL hazards
A woseL ® Added pipeline
Write WA Register "° interlocks to fix load
Back WERF—>| WE File delay STRUCTURAL
hazard
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Higher addresses
8000000,

“stack” segment

SP 7
$sp,$sp,-24 ¢
$t0 ’ $a0 ’ 2 Dynamic data (Heap)
“data” segment
:tg 4 :oéelse ””” Staticdata ™~~~
vO,Sal
$o $o rtn 10000000,,

$ra,-20($sp)
$a0,0 ($sp)

“text” segment
(Program)

$a0,%$a0,-1 00400000,

Reserved

sqr

$a0,0 ($sp)
$ra,-20($sp)
$v0,$v0,$al
$v0,$v0,$al
$v0,$v0,-1

$sp,$sp, 24
$ra

Lower addresses
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Performance

Measures: MIPS, MIPS/$, MIPS/Watt
(but also ISA,...)

MIPS = Fr@q ___» pipelining, ...

~— reduce stalls (caches, bypasses,...),

Amdahl’s law parallelism (superscalar, VLIW, ...), ...

— taf‘fﬂ 4+t
improved unaffected

repeedup
Benchmarks
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