
Also, when C is set to 11 at the beginning of the cycle, it takes time for that control
signal to propagate through the decoder in Figure 11.51. The period T must be long
enough for these signals to get the data to the input of register 11 before LoadCk is
pulsed.

During the von Neumann cycle, the CPU increments the program counter, a
16-bit quantity. It adds 1 to the low-order byte of the PC and stores the C bit to use
in the high-order part of the increment. In so doing, it wipes out the C bit that may
have been set by the previous instruction. Cycle 1 in Figure 12.5 saves the status
bits in temporary register T1. Figure 12.2 shows that the status bits feed into the left
input of the CMux. Cycle 1 routes the left input through the CMux and presents it
to the register bank. The C control signal addresses T1 (address 11 from Figure
12.2), and the LoadCk signal clocks the status bits into T1.

Cycles 2–5 fetch the instruction specifier. On cycle 2, A=6 puts register 6 on
ABus, and B=7 puts register 7 on BBus. Figure 12.2 shows registers 6 and 7 to be
the two halves of the program counter. The MARCk pulse on cycle 2 clocks PC into
the memory address register (MAR). On cycle 3, the MemRead signal initiates a
memory read. The address is placed on the main system bus at the end of the cycle
2, so now the MemRead signal activates the OE line on the chip in the memory sub-
system that is selected by the address decoding circuitry. There are so many propa-
gation delays in the memory subsystem that it usually takes many CPU cycles
before the data is available on the main system bus. The Pep/8 computer models
this fact by requiring MemRead on two consecutive cycles after the address is
clocked into the MAR. In cycle 4, MDRMux=0 sets the MDR multiplexer line to 0,
which routes the data from the bus through the multiplexer to the input of the mem-
ory data register (MDR). The MDRCk pulse on cycle 4 clocks the instruction specifier
into the MDR.

Cycle 5 sends the instruction specifier from MDR into the instruction register,
IR, as follows. First, AMux=0 sets the AMux control line to 0, which routes the MDR
to the output of the AMux multiplexer. Next, ALU=0 sets the ALU control line to 0,
which passes the data through the ALU unchanged as specified in Figure 10.55.
CMux=1 routes the data from the ALU to the CBus. Then, C=8 sets C to 8, which
specifies the instruction register, as Figure 12.2 shows. Finally, LoadCk clocks the
content of the MDR into the instruction register.

12.1 Constructing a Level-ISA3 Machine 603

LoadCk

MARCk

MDRCk

MemRead

T

Cycle 1

CMux=0
C=11

LoadCk

Cycle 2

A=6
B=7

MARCk

Cycle 3 Cycle 4

MemRead
MDRMux=0

MDRCk

MemRead

Figure 12.6
Timing diagram of the first four
cycles of Figure 12.5.
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