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FIGURE 16.2. Sequence of évents, fetch style

t;: MAR « (PC)

" t;: MBR «— Memory
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The Indirect Cyclé

t: MAR — (IR(Address))
t2: MBR < Memory
ts: IR(Address) « (MBR(Address))

The Execute Cycle

~ ADDRI, X

t;: MAR « (IR(address))
t2: MBR <+ Memory
t3: RT «— (Rf) 4 (MBR)

The Interrupt Cycle

t;: MBR « (PC)

to: MAR « Save-address
PC < Routine-address

t3: Memory < (MBR)




The Instruction Cycle

/
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00 (Fetch)

Cinst. cycle code
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FIGURE 1§.3. Flowchart for instruction cycle
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TABLE 16.1 Micro-operations and Control Si'gnals
Active
Micro-operations Control Signals
Fetch: t;: MAR « (PC) -Gy
t,: MBR « Memory Cs, Cr
PC «(PC) + 1 not shawn
t5: IR < (MBR) Cy
Indirect: t;: MAR « (IR(Address)) Cq
t,:MBR < Memory - GCs, Cr
t3: IR(Address) « Cq4
(MBR(Address))
Interrupt: t;: MBR « (PC) C
ty: MAR « Save-address
PC « Routine-address ot showa
t3: Memory « (MBR) Ci2, Cw

Cgr = Read control signal to system bus.
Cw = Write control signal to system bus.




Internal CPU Organization
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! Instruction Register ]

JL
/. Decoder \

' IO Il Ik
v ¥ ¥
Y pp—. - |—
T, ]
Timing Control
Clock Generator | o Unit . Flags
*
——Tn——> O
G G Cn ‘\
l l 1 intemupt
Signal

Control Sighals within CPU/ s Cartro! Bus
- FIGURE 16.10. Control unit with decoded inputs

PQ =00 Fetch Cycle

PQ =01 _ Indirect Cycle
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Cs=P-Q-T,+P-Q-T,+P-Q-(LDA + ADD + AND) - T,
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Methods used to achieve high performance

. Bit-parallel memory
. Bit-parallel arithmetic (carry look-ahead adder)

. I/O processor
- cpu speed vs. I/O speed
- interrupt-driven

. Memory interleaving
- memory speed vs. cpu speed

EX. 4-vey inferleaving (ATLAS)

Straight storage format Skewed storage format

A[0,0] A[0,1] A[0,2] A[0,3] A[0,0] A[0,1] A[0,2] A[0,3]
Al1,0] A[1,1] A[1,2] A[1,3] A[1,3] A[1,0] A[1,1] A[1,2]
A[2,0] A[2,1] A[2,2] A[2,3] Al2,2] A[2,3] A[2,0] A[2,1]
A[3,0] A[3,1] A[3,2] A[3,3] A[3,1] A[3,2] A[3,3] A[3,0]

memory bank
SIMD - using index register

. Associative memory
- content-addressable memory
- cache memory

cpu hit ration: 95%

cache principle of locality

l temporal locality
main memory spatial (o m\i{)/




. Multiple functional units

Ex. CDC 6600 — 10 functional units

. Pipelined functional units

pipelined adder
. Instruction look-ahead

. Instruction pipelining
instruction fetch
decode

operand fetch
execute

Ex. Amdahl 470 has 12 cycles/instruction

. Data pipelining

- pipelined vector processors
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Figure 16.13  Approaches to Vector Computation.
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