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the CPU. If a running process requests some input from a keyboard, in the fraction of
a second that it takes the user to respond, the CPU can execute hundreds of thou-
sands of instructions for another process. Even if the process requests input from a
disk file, which is much faster than keyboard input, the CPU could still execute thou-
sands of instructions while waiting for the information to come from the disk.

To keep from wasting CPU time, the operating system can suspend the process
that makes an I/O request if it appears that the process will need to wait for the I/O
to complete. It can temporarily assign the CPU to a second process with the under-
standing that when the I/O does complete, the first process may immediately get the
CPU back. Because the second process cannot predict when the I/O device will
complete the I/O operation for the first process, it cannot know when the operating
system might interrupt it to give the CPU back to the first process.

An operating system that can switch back and forth between processes to keep
the CPU busy is called a multiprogramming system. To implement multiprogram-
ming, the hardware must provide connections for the I/O devices to send interrupt
signals to the CPU when the devices complete their I/O operations.

Processes in the Operating System

One purpose of an operating system is to allocate the resources of the system effi-
ciently. A multiprogramming time-sharing system allocates CPU time among the
jobs in the system. The objective is to keep the CPU as busy as possible executing
user jobs instead of being idle waiting for I/O. The operating system tries to be fair
in scheduling CPU time so that all the jobs will be completed in a reasonable time.

At any given time, the operating system must maintain many suspended
processes that are waiting their turn for CPU time. It maintains all these processes
by allocating a separate PCB for each one, similar to the PCB the interrupt handler
maintains in the Pep/8 system. A common practice is to link the PCBs together with
pointers in a linked list called a queue. Figure 8.18 shows a queue of PCBs.

Each PCB includes copies of all the CPU register values at the time of the
process’s most recent interrupt. The register set must include a copy of the program
counter so the process can continue executing from where it was when the interrupt
occurred.

Multiprogramming

Figure 8.18
A queue of process control blocks.
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