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Finite State Machines
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A Pipelining Methodology

Step 1:
Draw a line that crosses every 

output in the circuit, and select one 
endpoint as an origin.

Step 2:
Continue to draw new lines from the 

origin across various circuit 
connections such that these new 
lines partition the inputs from the 
outputs.

Adding a pipeline register at every 
point where a separating line crosses 
a connection will always generate a 
valid pipeline.

STRATEGY:
Focus your attention on placing 
pipelining registers around the 
slowest circuit elements 
(BOTTLENECKS).

A
4 nS

B
3 nS

C
8 nS

D
4 nS

E
2 nS

F
5 nS

T = 1/8ns
L = 24ns

In these 
examples 

we assume 
“idealized” 

pipeline 
registers, 

with 
tpd = 0

and 
ts = 0.
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Computability vs. Programmability

Turing Machine = FSM + Tape 

Computability: whatever Turing Machines can do

Programmability: 

FSM

0 1 1 00 0 1 0 0

Universal Turing Machine (UTM):

"program"
"data"

"interpreter"
PARADIGM  for General-Purpose Computer!

TU [<y,  z>] = TY[z]

(aka Infinite State Machine)
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MiniMIPS
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R-type: ALU with Register operands 
Reg[rd] ← Reg[rs] op Reg[rt]

00 1 X X X r
s

rt
immediat

e
I-type: ALU with constant operand

Reg[rt] ← Reg[rs] op SEXT(immediate)

1 0 X 0 1 1 r
s

rt
immediat

e
I-type: Load and Store

Reg[rt] ← Mem[Reg[rs] + SEXT(immediate)]
Mem[Reg[rs] + SEXT(immediate)] ← Reg[rt]

1 0 X 0 1 1
immediat

er
s

rt

0000 1 X 26-bit constant 
J-type: jump

PC ← (PC & 0xf0000000) | 4*(immediate)

I-type: Branch Instructions
if (Reg[rs] == Reg[rt]) 

PC ← PC + 4 + 4*SEXT(immediate)
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NOP
HAZARD due to 
FEEDBACK
• Added branch delay 
slot and early branch 
resolution logic to fix a 
CONTROL hazard

• Added lots of  bypass 
paths and detection 
logic to fix various 
STRUCTURAL hazards

• Added pipeline 
interlocks to fix load 
delay STRUCTURAL 
hazard

Pipelining:
- increase throughput
- latency (almost) constant
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Calling procedure/Stack

sqr: addiu $sp,$sp,-24
slti $t0,$a0,2
beq $t0,$0,else
move $v0,$a0
beq $0,$0,rtn

else:
sw $ra,-20($sp)
sw $a0,0($sp)
addi $a0,$a0,-1
jal sqr
lw $a0,0($sp)
lw $ra,-20($sp)
add $v0,$v0,$a0
add $v0,$v0,$a0
addi $v0,$v0,-1

rtn:
addiu $sp,$sp,24
jr $ra

SP

Higher addresses

Lower addresses

Reserved

“text” segment
(Program)

“stack” segment
800000016

Dynamic data (Heap)
“data” segment

Static data

1000000016

0040000016
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Performance

Measures: MIPS, MIPS/$, MIPS/Watt

Amdahl’s law

Benchmarks

CPI
Freq

IPSM =
pipelining, …

reduce stalls (caches, bypasses,…),
parallelism (superscalar, VLIW, …), …

unaffected
speedup

affected
improved t

r
tt +=

B e n c h m a r k D e s c r i p t i o n
g o A r t i f i c i a l  i n t e l l i g e n c e ;  p la y s  t h e  g a m e  o f  G o
m 8 8 k s im M o t o r o la  8 8 k  c h ip  s im u l a t o r ;  r u n s  t e s t  p r o g r a m
g c c T h e  G n u  C  c o m p i l e r  g e n e r a t i n g  S P A R C  c o d e
c o m p r e s s C o m p r e s s e s  a n d  d e c o m p r e s s e s  f i l e  i n  m e m o r y
l i L i s p  i n t e r p r e t e r
i j p e g G r a p h ic  c o m p r e s s i o n  a n d  d e c o m p r e s s i o n
p e r l M a n ip u l a t e s  s t r i n g s  a n d  p r i m e  n u m b e r s  i n  t h e  s p e c ia l - p u r p o s e  p r o g r a m m in g  l a n g u a g e  P e r l
v o r t e x A  d a t a b a s e  p r o g r a m
t o m c a t v A  m e s h  g e n e r a t i o n  p r o g r a m
s w i m S h a l l o w  w a t e r  m o d e l  w i t h  5 1 3  x  5 1 3  g r i d
s u 2 c o r q u a n t u m  p h y s i c s ;  M o n t e  C a r l o  s im u l a t i o n
h y d r o 2 d A s t r o p h y s i c s ;  H y d r o d y n a m ic  N a iv e r  S t o k e s  e q u a t i o n s
m g r id M u l t i g r i d  s o l v e r  i n  3 - D  p o t e n t i a l  f i e l d
a p p lu P a r a b o l i c / e l l i p t i c  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s
t r u b 3 d S im u la t e s  i s o t r o p i c ,  h o m o g e n e o u s  t u r b u le n c e  i n  a  c u b e
a p s i S o lv e s  p r o b le m s  r e g a r d i n g  t e m p e r a t u r e ,  w in d  v e l o c i t y ,  a n d  d i s t r i b u t i o n  o f  p o l l u t a n t
f p p p p Q u a n t u m  c h e m is t r y
w a v e 5 P la s m a  p h y s i c s ;  e le c t r o m a g n e t i c  p a r t i c l e  s im u la t i o n
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