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Complete Multicycle Controller FSM
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IR:= Memory[PC]
PC:= PC+4

A:= Reg[IR[25:21]]
B:= Reg[IR[20:16]]
ALUout := PC + sign-extend(IR[15:0]]

ALUout:= A op B 
ALUout:= A + IR[15:0] if A=B then

        PC := ALUout

SW: 
Memory[ALUout]:= B 

LW:
MDR:= Memory[ALUout] 

Reg[IR[15:11]]:= ALUout

Reg[[20:16]]:= MDR

CYCLE 0

CYCLE 1

CYCLE 2

CYCLE 3

CYCLE 4

R-TYPEBRANCH EQLW AND SW
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Implementing Multi-state Control
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Implementing Multi-state Control
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⇒

(Partial) Loop Unrolling
for ( I = exp1; I < exp2; i++ ) 

 A(I)

for ( I = exp1; I < exp2 ; I=I+2 )
 A(I)

   A(I+1)
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⇒

(Partial) Loop Unrolling
for ( i = 0; i < 1000; i++ ) {
     a[i] = 0;
}

for ( i = 0; i < 1000; i = i + 2 ) {
     a[i] = 0;
     a[i+1] = 0;
}
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(Partial) Loop Unrolling
for ( i = 0; i < 1000; i++ ) {
     a[i] = 0;
}

! la!$t0,a
#   for(int i=0;i<1000;i++)
! li  !$t3,0
! li! $t4,1000
zeroloop:
! slt!$t5,$t3,$t4
! beq! $t5,$0,zeroloopEnd
!
#   a[i] = 0;
! add! $t6,$t3,$t0
! sw!$0,0($t6)
!

! addi! $t3,$t3,1
! b! zeroloop:
zeroloopEnd:
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(Partial) Loop Unrolling
for ( i = 0; i < 1000; i = i + 2 ) {
     a[i] = 0;
     a[i+1] = 0;
}

! la!$t0,a
#   for(int i=0;i<1000;i=i+2)
! li  !$t3,0
! li! $t4,1000
zeroloop2:
! slt!$t5,$t3,$t4
! beq! $t5,$0,zeroloop2End
!
#   a[i] = 0;
! add! $t6,$t3,$t0
! sw!$0,0($t6)
! sw!$0,4($t6)
!
! addi! $t3,$t3,2
! b! zeroloop2:
zeroloopEnd2:
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(Partial) Loop Unrolling
for ( i = 0; i < 1000; i = i + 2 ) {
     a[i] = 0;
     a[i+1] = 0;
}

! la!$t0,a
#   for(int i=0;i<1000;i=i+2)
! li  !$t3,0
! li! $t4,1000
zeroloop2:
! slt!$t5,$t3,$t4
! beq! $t5,$0,zeroloop2End
!
#   a[i] = 0;
! add! $t6,$t3,$t0
! sw!$0,0($t6)
! sw!$0,4($t6)
!
! addi! $t3,$t3,2
! b! zeroloop2:
zeroloopEnd2:

6*1000 = 6000
vs.

7*500 = 3500
vs

9*250 = 2250
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Loop Merge

⇒

for ( Ia = exp1; Ia < exp2; Ia++ ) 
   A(Ia)

for ( Ib = exp1; Ib < exp2; Ib++ ) 
   B(Ib)

for ( I = exp1; I <exp2; I++)
   A(I)
   B(I)
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Loop Merge

⇒

for ( i = 0; i < 1000; i++ ) {
     a[i] = 0;
}
for ( i = 0; i < 1000; i++ ) {
     b[i] = 0;
}

for ( i = 0; i < 1000; i++ ) {
     a[i] = 0;
     b[i] = 0;
}
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Cash, Cache, or Cachet?
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Cash, Cache, or Cachet?
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Cash, Cache, or Cachet?

Tuesday, November 27, 12



Principle(s) of Locality

Temporal Locality: 

Locality in time (e.g., if looked at a Web page 
recently, likely to look at it again soon)

If data used recently, likely to use it again 
soon

Keep recently accessed data in more easily 
accessed storage
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Principle(s) of Locality

Spatial Locality: 

Locality in space (e.g., if read one page of 
book, likely to read nearby pages soon)

If data used recently, likely to use nearby 
data soon

When accessing data, bring nearby data into 
easily accessed storage too.
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Memory Hierarchy

registers

cache(s)

DRAM (main memory)

Disk Storage
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Memory Hierarchy

registers

cache(s)

DRAM (main memory)

Disk Storage

100 cycles

< 101 cycles

< 102 cycles

106 words
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Memory Hierarchy

registers

cache(s)

DRAM (main memory)

Disk Storage

~$103 per GB

~$101 per GB

~$10-1 per GB
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Memory Hierarchy

registers

cache(s)

DRAM (main memory)

Disk Storage

102 words

106 words

109 words

1012 words
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Hash vs. Cache

Hash function maps keys to ``random’’ bins

Lookup within bins by linked list traversal
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Forgetful Hash vs. Cache

Only keep first item in each hash bin list
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Cache

Hash function is suffix of address / cache unit size

Fixed size bins allows fast search.
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Direct Mapped Cache Hardware
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Cache Terminology
Capacity (C): 

the number of data bytes a cache stores
Block size (b): 

bytes of data brought into cache at once
Number of blocks (B = C/b): 

number of blocks in cache: B = C/b
Degree of associativity (N): 

number of blocks in a set
Number of sets (S = B/N): 

each memory address maps to exactly one 
cache set 
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