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more strict and portable style. This has both 

advantages and disadvantages. The advantages of 

portability should be obvious at this point. The 

disadvantages are more difficult to specify and usually 

consist of certain beliefs or prejudices of the 

programmer. Many programmers believe that it is 

necessary to know what kind of machine they are 

programming on, so that they can write more efficient 

code. This code they believe to be efficient is often 

highly machine dependent. In many cases, such code can 

be replaced by equally efficient code that is also 

portable. However, there are situations in which it is 

desirable to know something of the underlying system. 

For instance, see the many papers on programming in a 

virtual memory environment [2] [5]. Such programming 

considerations often have impact only on efficiency 

without jeopardizing portability. 

The current implementation is by no means 

complete. The 

"seat of the 

performance of the system is poor. A 

pants" comparison indicates that 

performance, as indicated by the time required for the 

system to complete a task with no other load on t he 

system, is worse on the /6 than on a smaller PDP-l l / 34 

system. Also, the performance difference between the 

swapped and paged versions of the system is no t 
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significant. Timing tests with the C compiler showed a 

decrease of less than 10% in real time with a similar 

increase in system time when compiling the same small 

program on the paged system instead of the swapped 

system. 

During an early stage of the system development 

(before the paged system) some performance monitoring 

of the kernel was performed in an attempt to pinpoint 

the slowness in the system. The I/O statistics feature 

was installed to verify that the disk was performing 

properly. All data indicated that disk transfer rates 

and seek times were as expected. The interval timer 

was also used to monitor the kernel by sampling the PC 

periodically. It was found that most of the kernel's 

time was spent in three routines; idle, csv, and cret; 

as was expected. In addition, the routine bcopy was 

seen to occupy a 

Bcopy is used to copy 

buffers. Bcopy was 

large amount of the kernel's time. 

bytes, usually between kernel 

changed to copy double words 

instead of bytes, if possible. This reduced the time 

spent in bcopy, but did not significantly improve 

system performance. It seemed that no one area of the 

system was at fault, making performance analysis of the 

system much more difficult. 
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6.2~ Current Limitations 

In addition to the unsupported features listed in 

Section 4.10, there are several limitations of the 

current implementation of the system. The most 

important limitation is that processes can not be 

larger than 64K words. This limitation is really a 

limitation of the C compiler. The C compiler does not 

always generate correct code for references through 

pointers that point above 64K, see [12] for complete 

details. Because of this, the kernel support for 

processes larger than 64K words was never completed or 

tested. The only known problem area is the 

initialization of the user's stack pointer; it should 

be initialized in LAC format instead of DAC format. 

This could be done either by the kernel or by the C 

runtime startup procedure (crt0.s). 

Another limitation is that the kernel contains no 

support for floating point. Although space is reserved 

in the u vector to save floating point registers and 

status, the calls to procedures savefp and restfp have 

been ifdef'ed out. These procedures must be added to 

the machine language assist, mch.s. In theory, adding 

these routines should be straightforward. The only 

anticipated problem is that it is possible, when 

restoring the floating point condition codes, to lock 
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up the SAU and eventually the entire /6. This problem 

is documented in the Vulcan source code and is 

concerned with the ordering of instructions to restore 

floating point condition codes and enable SAU 

interrupts. 

6.3. Further Work 

This section presents some areas for further 

research that may help improve the performance of the 

system. Performance improvements fall into two 

catagories: those that will improve the overall 

performance of the system, and those that will improve 

the performance of the system under heavy load. 

As was mentioned in Section 6.1, no particular 

part of the system was found to be consuming an 

inordinate amount of the kernel's time. The reason for 

this is not clear. To some extent, the C compiler may 

be at fault. From examination of the code produced by 

the C compiler, an estimated 10-20% improvement is 

possible by adding a simple peephole optimizer. Also, 

several operations such as character pointer arithmetic 

and character string indexing that were cheap on the 

PDP-II are quite expensive on the /6. Since charac t ers 

are often used to contain flags for kernel dat a 

structures, this may be one source of unneed ed 
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overhead. Changing such flags from characters to 

integers would result in a slight increase in data 

structure sizes but may also decrease code size and 

execution time. 

As was mentioned previously, there may be some 

justification for reevaluating the .choice of block 

size. Analysis may indicate that performance 

improvements would result from using a block size equal 

to the hardware supported sector size. The impact of 

this change may be quite extensive and should be 

carefully investigated. On the other hand, several 

functional improvements may be realized by increasing 

the block size from half a page to a whole page. This 

would allow the implementation of extensions to the 

file system services that would permit a process to map 

a page of a file directly into its address space, as is 

done in Tenex. 

The area requiring the most work is the part of 

the system added to support demand paging. The paging 

system should be instrumented to determine how to 

adjust the parameters of the working se~ algorithm. 

The possibility of keeping track of the working set 

when the process is swapped out, so that it may be 

preloaded when the process is swapped in, should be 

. d The performance of the modified investlgate • 
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scheduler working as a balance set scheduler should be 

measured. A complete rewrite of the scheduler may be 

necessary so that the balance set concept is handled 

more naturally and effectively. In particular, the 

swap-in decision could be based on more accurate 

information about shared pages. 
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APPENDIX A 

SYSTEM INSTALLATION 

UNIX/24V currently runs on the Wickenden TSA 

system. The system is booted from tape with the file 

system residing on the 300MB disk. The 300MB disk pack 

is divided into three logical areas for use by UNIX; 

see the disk device driver for the details of this 

division. The first area is used for the root file 

system, the second area is used for swap space, and the 

third area is a mounted file system containing all the 

system sources and is mounted on directory /usr. These 

three areas cover only half of the 300MB disk; the last 

area is nowhere near full. 

The directory structure on the /usr file system 

is identical to that on the standard Version 7 

distribution tape. The sources for the system kernel 

are in /usr/sys; the makefile in /usr/sys/conf will 

rebuild the system. To make a new boot tape the 

command file 'wrtape' is used. After rebuilding the 

system, mount a tape on the tape drive and type "wrtape 

unix". This will cause a new boot tape to be written 

containing the new system. Once debugged, the new 

system should be copied to /unix so that programs tha t 
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depend on the system namelist will work properly. 

To build and move a UNIX/24V system to another /6 

is somewhat more difficult. Compared to the PDP-II, 

there seems to be much less standardization on the 

channel/unit numbers and interrupt levels for devices 

on the /6. There are two main problems encountered 

when moving to another /6. The first problem is moving 

the file system. 

disk drive, the 

If the destination system has a 300MB 

disk pack could be moved directly. 

Most likely this will not be the case. The method used 

in the past has been to use a subset of the standalone 

support programs to move an image copy of the root file 

system. The program bcopy (in /usr/src/cmd/standalone) 

is a standalone program to copy a file system image 

from tape to disk. Bcopy must be linked with the 

appropriate disk driver and tape driver containing the 

propet channel/unit numbers for the destination system. 

The program maketape is used to write bcopy out to 

tape. The root file system image can be copied to tape 

after bcopy, or copied to another tape. Following is 

an example command sequence to accomplish this: 
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<build new bcopy> 
% maketape mtboot bcopy 
% dd if=/dev/rp0 of=/dev/mt0 count=4845 
4845+0 blocks in 
4845+0 blocks out 

<mount tape and scratch disk on destination machine> 
<use ROM bootstrap to boot from tape> 
Input: mt(0,1) 
Output: rp(0,0) 
Count: 4845 
<this will copy the root file system to the new disk> 

The next problem involves building a UNIX kernel 

for the destination machine. Device definitions must 

be added to or removed from l.s and c.c in 

/usr/sys/conf as appropriate. Channel/unit numbers and 

interrupt levels may also need to be changed. Some 

opportunity exists for changing these as the system is 

booted. Before booting, raise sense switch 1; this 

will cause the system to halt after being loaded into 

memory. The device definition blocks in l.s can be 

patched in core with the new channel/unit numbers and 

interrupt levels, and the system can be restarted at 

location 040. Dur ing this process it will be 

convenient to have a copy of the namelist for the 

system being booted, as obtained from 
, 

nm . 

While running in single user mode, the /usr fi le 

system can be restored from a standard dump or t ar 

tape. Only four devices are needed for single user 

operation: the console terminal, the disk containing 
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the root file system, a magtape drive, and the line 

clock. Once the /usr file system is restored, a new 

system can be configured with device drivers for any 

other devices available on the system. 

There are several things that could be done to 

simplify the task of moving UNIX to another /6. 

1. A standard boot program (as on the PDP-II) that 
knows about all devices and file systems, would 
simplify booting UNIX and standalone programs. 

2. A 'mkconf' program for the /6 would 
task of preparing configurations 
descriptions. 

simplify the 
from machine 

3. Standalone versions of mkfs and restor would allow 
the preparation of a standard release tape, as for 
PDP-II UNIX. 

4. The process of patching configuration tables when 
the system is booted could be simplified by adding 
a configuration dialog module to the system. This 
module would be invoked as a sense switch option 
when the system is booted and would allow the user 
to specify the channel/unit numbers and interrupt 
levels for all devices known to the system. After 
the configuration tables are modified, the system 
would come up as normal. This module could be 
overlayed (somehow) or removed from a production 
system. 



APPENDIX B 

CONSOLE TERMINAL MODIFICATION 

Harris packages all /6 systems with a TEC model 

455 terminal for use as the console terminal. The TEC 

terminal is a block-transmit, upper-case only terminal 

that is interfaced via a twisted pair differential 

interface. Since UNIX prefers character-transmit, 

lower-case terminals, it was desirable to replace the 

TEC. None of the terminals available to us were 

equipped 

the TEC 

with differential-type interfaces. 

terminals were equipped with a 

However, 

special 

interface circu i t that converted the differential 

signals into TTL level signals for use by the terminal. 

In addition, the DECwriter II that was to be used for 

the console could be interfaced via TTL level signals. 

Therefore , the solution was to use the differential 

interface coming out of the /6, convert it to TTL using 

the board in the TEC terminal, and connect it to the 

DECwriter. The wi ring betwe en the TTL conversio n boa rd 

connector and the DECwriter connector is as follows: 
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TEC 
Jl 

9 ------------) 
10 <------------

7 <-----------) 
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DECwriter 
J4 

2 
4 
1 gnd 

In addition to the above change, it is also 

necessary to change the baud rate of the /6 interface 

from 9600 baud to 300 baud for use with the DECwriter. 

This change is easily accomplished by changing DIP 

switches on the interface board; consult the 

appropriate Harris documentation. 
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