








PERFORMANCE ANALYSIS 

In nonrelocation mode the Model 67 behaves like a 
standard System/360 and will run any programs 
that will run on a standard System/360 having the 
same storage and I/O complement available on the 
Model 67 (or that portion of a dual system that is 
partitioned to operate as a non-time-shared system). 
System performance in nonrelocation mode will 
approximate that of a Model 65 degraded only by 
storage priority and cable-length delays present 
in the particular system. 

A quantitative measure of systems performance 
is always a function of the application environment 
within which the system is operating. There are 
several factors which must be given consideration 
when the system is operating in relocate mode 
under TSS. 

In conventional operating systems a certain 
amount of time is lost because of inability to 
completely overlap I/O and computing. While the 
same situation may exist in a system operating 
with a page-oriented virtual memory concept, the 
probability of having a program ready to run is 
higher - hence a greater potential for overlapping 
I/O and computing. 

A time-shared system spends a certain fraction 
of its time in the function of page turning, which is 
nonproductive systems time. The analogous function 
in conventional operating systems is that of pro­
grammed overlay. Overlaying, while it is potentially 
more efficient, suffers from the fact that it imposes 
an additional chore on the programmer; in addition, 
it is frequently inefficient because of insufficient 
detailed knowledge of how the program will actually 
run. 

The performance improvement to be gained 
from the functional characteristics of the system 
must be estimated for each individual environment 
and are not included in this section. 

Specific hardware performance factors, on the 
other hand, tend to be less application-dependent. 
Relocation timing and shared storage interference 
and delays can be estimated with reasonable 
precision without specific knowledge of the environ­
ment. These timings are included, but, unless 
balanced by the associated functional performance 
improvements, do not present an accurate appraisal 
of the IBM Model 67 Time Sharing System. 

RELOCA TION TIMING 

The basic processor operates at a five-megacycle 
(200-nanosecond cycle) rate. When the relocation 
action is active for each memory reference, the 
clock is stopped for 150 nanoseconds to allow for the 
associative compare. When the relocation action is 

active and no valid associative compare occurs, the 
processor clock remains blocked until the 16-bit 
page table entry is fetched from main storage and 
loaded into one of the associative registers. The 
length of time the processor clock is blocked depends 
on the storage speed. Using the IBM 2365 Processor 
Storage (750 nanoseconds), the total elapsed time is 
2. 1 microseconds. 

An IBM 7090 program has been written that inter­
pretively executes 7090 problem programs. Each 
effective address generated by the problem program 
is explicitly computed and examined in a model as­
sociative register (AR)/ storage address list facility. 
Various parameters are possible -- for example, 
the number of words in the AR, the size of the block, 
and the replacement algorithm. The program counts 
the number of times the model AR's must be loaded 
and the number of references made. It makes two 
additional measurements: (1) the total number of 
blocks claimed by the problem program, and (2) the 
number of blocks actually used by the problem pro­
gram. Among many replacement algorithms tested 
is one similar to that implemented in the System/360 
hardware. A variety of Significantly different pro­
grams were processed repeatedly, with variation in 
the parameters. 

All the following remarks must be considered 
when applying the results to System/360 operation. 

The problem program and the simulation program 
must fit in the 32K 7090 store. The simulator pro­
gram is approximately 4K words long, so that no 
problem program claiming more than 28K words of 
store would be run. In particular, no program 
equivalent to a compiler is processed. 

The ratio of AR loads to AR references is called 
activity. The accuracy of the reference count is 
important, but can be extrapolated only to System/ 
360 counts. In the load count, the simulator pro­
gram does not retain the physical store instruction 
counter location in a separate register. It is treated 
like other references so that, in fact, there are only 
seven registers available for data coverage. More­
over, the reference count includes all instruction 
fetches. The data fetches reflected in the results 
are IBM 7094 fetches, and 7094 code produces sig­
nificantly more data fetches than System/360 code. 
It is felt that these two factors are inaccurate in 
approximately the same proportion, and tend to 
balance out. 

At any instant in time, a processor may be in 
one of three states: 

1. Running in a relocation mode 
2. Running out of the relocation mode 
3. Idle (awaiting I/O. no work, etc.) 
The estimated overhead applies only to state 1. 
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It is here that processor work is done for users. 
There should be a disproportionate and favorable 
decrease in time spent in states 2 and 3 above, which, 
to a great degree, reflect system overhead and swap 
time. 

With an eight-register AR using the indicated re­
placement algorithm, and block size of 4096 bytes, 
the activity was approximately zero (see Figure 7 
which shows activity versus block size). However, 
an activity of 5% is assumed in the following calcu­
lation, since program analysis was restricted to 
progTams of less than 28K and there will probably 
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be a tendency to utilize more shared routines in 
time-sharing problem programs. 

A scientific mix of instructions whose run time 
on the Model 67 in unrelocated mode is H,O micro­
seconds required 110 storage references. Of the 
110 storage references, 25 were branches. 50 were 
operand fetches, and 35 were other types. 

The following calculation provides us with the run 
time of this mix on the Model 67: 

140 + [75J [.15 + (.05) 2 .IJ = 160 microseconds 
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Figure 7. Activity vs block size (in bytes) for 4, 8. 
12, and 16 registers 
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The resulting run time has been extended by about 
14%. However, if the activity is zero, the run time 
is increased by only 8%. 

SHARED STORAGE INTERFERENCF~ AND DELAYS 

This section deals with the effect on internal proc­
essor performance of those interferences and delays 
characteristic of multiprocessor shared multiple 
storage configurations. 

A timing diagram was generated that shows the 
storage reference demand made by a Model 67 when 
executing what is considered a typical scientific mix 
of instructions. From the timing diagram a cycle 
demand distribution was obtained and used in gener­
ating the cycle demand for the simulated lJrocessors 
modeled in G PSS III. 

A simulation run was made with only one proc­
essor executing the instruction mix and without any 
cable or priority determination delay. This run was 
used as the base run to which all other modeled con­
figurations are compared. System degradation is 
defined as 1 minus system effiCiency, where system 
efficiency equals the ratio of job nm time in the base 
system to job run time in a processor of the system 
to be compared. Job run time was chosen to be that 
time required for the CPU to obtain 20,000 memory 
cycles executing the instruction mix. 

For each processor in the model, one transaction 
is generated which flows through the model at a 
rate that is a function of its unrestricted (desired) 
memory cycle demand and the delay encountered be­
cause of interference by memory demands from 
other devices, as well as the cable and priority scan 
delay. All memories in the model have an equal 
chance of being selected, regardless of the device 
making the request or the number of other devices 
contending for the storage unit at that time. 

The resulting degradation under these circum­
stances should correspond to the real situation where 
no attempt has been made to reduce memory bus 
contention. It is obvious that the contention will be 
reduced with the addition of memory units, and some 
reduction should be realized by careful consideration 

of core mapping. Houtines that reside permanently 
should be distributed in such a way as to evenly dis­
tribute the demand between physical storage units. 

The following charts show the various storage­
processor configurations as well as tables containing 
data related to those configurations, showing the in­
crease in storage access time caused by priority 
determination and cable delay. Simulation results 
related to the configurations are presented, showing 
the relationship between the I/O data rate and the 
system degradation. This system degradation re­
sults from the priority determination and cable delay 
as well as from conflicting requests for memory 
cycles between CPU's and between I/O units and 
CPU's. 
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Storage Storage 
Unit 1 Unit 2 

Processor 
A 150 200 

Processor 
B 200 150 

Simulation Results (including priority 
determination and cable length) 
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Storage access time increase in nanoseconds caused 
by priority determination and cable length 
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RELIABILITY AND MAINTAINABILITY 

INTRODUCTION 

Two major factors considered in the design of 
System/360 were reliability and maintainability, 
which includes the ability to prevent, detect, and 
correct hardware malfunctions. The maintainability 
plan developed during the conceptual phase of System/ 
360 and incorporated into the design provides oper­
ating and maintenance personnel with improved and 
expanded facilities. These facilities include exten­
sive checking, automatic interrupts, log-out, and 
maintenance programs. Thus, isolation time (the 
time needed to identify a malfunctioning component 
assembly, such as a logic card) has been significantly 
reduced. 

Throughout the engineering, manufacture, as­
sembly, and test of the System/360, there is a con­
tinuing effort to achieve the highest standards of 
quality. The basic elements, Solid Logic Technology 
(SLT) modules, are designed and manufactured by 
IBM to exacting standards. The glass-encapsulated 
solid-state components are mounted on ceramic sub­
strates and then sealed to form a circuit module that 
is impervious to contamination. This reliable 
module forms the base for System/360 and its reli­
ability and maintainability. 

A reliability and maintainability design review is 
incorporated in the design program to minimize re­
liability and maintainability problems caused by im­
proper use of circuit and manufacturing ground 
rules. IBM provides this review function through 
"automated logic design" (ALD) techniques, which 
include: 

• Verifying logic and circuit rules 
• Generating etched-board layouts 
• Generating logic diagrams directly from layout 

inputs 
• Preparing maintenance diagrams that reflect 

actual wiring 
• Providing engineering-level control 
In addition, all IBM systems must be reviewed 

before and during development by a competent IBM 
speCialist in reliability and maintainability, human 
factors engineering, industrial deSign, acoustics, 
etc., for agreement with IBM-recommended prac­
tice and policy. 

IBM Product Test reviews the objectives and 
specifications of all IBM systems for measurability, 
and then actually evaluates initial systems relative 
to these specifications. 

IBM Quality Control exercises in-process and 
final-review control of all manufactured systems, 
thus providing a continuing check that the system 
conforms to its specifications. 

Furthermore, the outputs generated during the 
process of correlating information received from 
design, manufacturing, testing, and Field Engi­
neering sources are utilized to improve reliability 
and maintainability. In this way a rapid and accurate 
exchange of information brings to each System/360 
user the benefit of knowledge gained in all areas of 
the IBM Corporation. 

An important function in any system capable of 
expansion is to maintain an effective maintenance 
concept throughout its growth. As it increases in 
size and complexity, the system must be capable of 
being maintained without increasing the operator's 
maintenance workload. For example, in a complex 
system, each piece of equipment should contain 
sufficient checking circuitry to enable a program to 
identify a malfunctioning data path, rather than 
depend totally upon the operator to identify such a 
data path. Also, the testing capabilities must be 
able to minimize the effect of maintenance upon the 
remainder of the system. Therefore, a decision 
must be made whether to provide initially for inde­
pendent maintenance (computer use is excluded) or 
dependent maintenance (the computer is always 
required). A single approach is insufficient when 
minimum mean time to restore and impact upon the 
system must bE' considered. Therefore, IBM 
utilizes a combination of the two approaches: 
(1) fault isolation and unit checkout, utilizing the in­
dependent unit-testing capabilities, and (2) computer­
controlled maintenance programs for isolating the 
more difficult malfunctions. 

FACILITIES 

Extensive Checking 

Movement of data through the system is checked on 
a byte basis through parity checking. Checks for 
control failures are also made at strategiC locations. 
Other modes of checking used in the system are 
comparisons and detection of invalid operations, 
addressing, data formats, speCifications, and pro­
gram rules. The details of an equipment malfunction 
are made available for analysis by a log-out process, 
which is a combination of hardware and a program. 
The log-out to core storage for the CPU is by means 
of circuitry, whereas the I/O units transfer the log­
out information to storage upon demand by means of 
sense bytes. After the log-out is placed in core 
storage, the CPU can be programmed to relocate 
the log-out for eventual analysis and/or editing. 
Thus, as a by-product, the error environment and 
related statistics can be made available to mainte­
nance personnel in printout or display form. 
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The purpose of this extensive checking is to pro­
vide an indication when data is inadvertently altered 
because of a machine malfunction or illegal opera­
tion, and to reduce dO'wntime by helping to identify 
the malfunctioning data path. The machine-check 
(error) indication can be utilized as the basis for 
programmed-task retry or switchover in place of 
extensive redundant programming. Thus, the 
traditional problem with unchecked machines--that 
of not being able to recognize when a machine mal­
function invalidated a task--is largely, if not com­
pletely, eliminated. 

Automatic Interrupts 

An automatic program-controlled interrupt system 
causes a hardware branch to a predetermined loca­
tion for five types of interrupts: I/O. prograrn 
check, machine check, monitor call, and external. 
Status indicators further define causes of interrupts 
within each type. Undesired interrupts can be 
masked out. The interruption system classifies 
errors as machine or program-check so that errors 
and causes of malfunction can be separated. The 
automatic machine-check interrupts and I/O mal­
function checks also provide the initiating impetus 
for log-out and programmed-recovery procedures. 

Log-Out 

The log-out facility enables pertinent unit-environ­
ment conditions to be recorded for eventual output 
to a printer and/or a maintenance-history tape. 
The advantages of this concept allow a program to 
provide: 

• A record of intermittent malfunctions that can 
lead to recognition of a degrading component 
(the analysis can be performed offline) 

• A detailed record of malfunctions, thus vi 1'­

tually eliminating the need for maintenance 
personnel to depend on the operator for 
symptom information 

• The details of an equipment malfunction, thus 
facilitating reconstruction of the error 
enviromnent 

• Data to support the process of analysis and 
localization of a malfunction 

In addition, an increase in "uptime" (avaIlability) 
will be realized by minimizing the necessity for 
maintenance personnel to gain direct access to the 
equipment for occurrences of an intermittent 
(tranSient) type malfunction. 

MAINTENANCE PROGRAMMING 

The primary method of localizing system malfunc­
tions is through the use of diagnostic computer 
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programs. The utilization of diagnostic pro­
gramming ensures thorough and rapid fault localiza­
tion with minimum reliance on the individual. Since 
these programs exercise the system units in non­
functional ways and create abnormal conditions, 
they operate in a subsystem that has been partitioned 
using the configuration console. 

Maintenance programs in this system fall into 
three categories: 

• Online Test System - operating unde r TSS 
• Multiprogrammed programs, which operate 

under control of a Diagnostic Monitor (I)M) 
• Hard-core programs, which dia.gnosc failures 

in critical areas of thc processor or system 
The Online Test System operates as a spric's of 

problem programs under the Time Sharin!!: System 
supervisol' enabling maintenance of devices while 
continuing system service to users not directly 
affected by the device under test. The following 
devices are supported by the Online Test S~stem: 

2702 with 1052, 1051, and 2741 attached 
2840 with 2250 Model 2 attached 
2848 with 2260 attached 
2701 with parallel data adapter, serial data 

adapter. and Type III adapter 
2841 with 2311 attached 
2:n4 disk system 
MOnitor-controlled mainten[llce programs usually 

test control units, I/O devices, and certain aspects 
of the terminals in the system. other areas that 
they may test are storage if there are multiple 
storage units, and even channels and the proce8S0r 
if the program can conform to the restrictions im­
posed by the monitor. They perform checks of 
timing, error-checking cireuiby, and ftmctional. 
operation. Hunning time of these programs is 
appropriate to the mode of testing and the unit 
involved. 

Hard-core programs normally do not operate 
''lith a monitor, because they arc not able to adhere 
to restrictions a monitor imposes. There wi 11 be 
cases where more than hard-core units are required 
to be tested in this mode, they are considered the 
exception rather than the rule. The types of pro­
grams operated or the units tested under these con­
ditions are such that the processor cannot Ix; reli­
ably used to operate a monitor program and obtain 
necessary malfunction diagnosis. 

The actual decisions as to the mode in which 
maintenance programs and maintenance actions will 
tal{e place depend on the type of malfunction and the 
jOint agreement of both the system operator and IBM 
Field Engineering. 



Diagnostic Monitor (DM) 

The diagnostic programs for a unit are run under 
control of a DM program. The DM provides a num­
ber of facilities that can be used by all of the device 
programs. Among these are program and data 
loading, interruption handling, code conversion, 
and commlmication to and from maintenance per­
sunnel or other operational monitor programs. 

The diagnostic programs for a device communi­
cate with the DM, using a well defined set of pro­
gramming conventions called the "diagnostic 
interface". Thus, the diagnostic library can be 
augmented as needed. New programs can become a 
part of the standard library, provided that they con­
form to the specifications of the diagnostic interface. 
Another advantage here is that the DM exerts a 
normalizing influence that screens individual diag­
nostic progTam differences from the view of the 
user. Output messages are produced in standard 
formats. 

Programmed Error Recovery 

A set of program elements, which are an integral 
part of the TSM, is provided to utilize the failure­
detection circuitry in the system. The purpose of 
these programs is to provide identification of the 
suspect lillit and a complete, detailed, chronological 
system history of equipment malfunctions. This 
information would be made available to maintenance 
personnel to permit a detailed analysis of troubles 
before a subsystem is taken over for repair. It 
would also be used as the source of detailed and 
accurate symptom information on intermittent 
failures. 

The programmed error recove1Y package con­
sists of a set of modular elements, only one of 
which resides permanently in main storage. When 
a recordable incident occurs, the resident elernent 
causes the other necessary elements to be fetched 
into main storage. These other elements occupy 
part of the area on the peripheral storage device 
that is used to hold other operation monitor­
program components. This area on the peripheral 
storage device is called "systems residence". 

The programmed error recovery element that is 
permanently resident in main storage receives con­
trol of a CPU from two sources: the recovery 
nucleus and the I/o supervisor of the TSM. 

Hecovery Nucleus 

In a multiple-processor system, a part of the resi­
dent supervisor is called the "recovery nucleus" 

(in fact, there is one copy in main storage for each 
active CPU in the system). Its primary function is 
to respond to machine checks and to locate a non­
failing CPU plus some nonfailing main storage, so 
that the TSM can continue operation. The processor 
that registered the machine check is then turned 
over to a program that records the failure informa­
tion and retries the operation if feasible. 

In the case of machine-check interruptions, the 
appropriate program element gets control after 
completion of the logging out of the processor status 
into main storage. The program adds other data 
to this logged-out information in order to complete 
the record of the error environment. The program 
then causes this record to be added to previous such 
records in an area reserved for this pUl1Jose on 
systems residence. The recovery nucleus then 
calls in the necessary service routines to restart 
the TSIVI supervisor. This may be an unsuccessful 
attempt to reread magnetic tape or an equipment­
detected failure in the I/o channel device. 

Utility programs are provided to process the 
environment records and to edit them into a form 
that is convenient for mail1tenance penwnnel. 

BUILT-IN DIAGNOSTICS ANTI CHECKING 
FEATURES 

In addition to the maintenance programs and the 
programmed error recovery package, other diag­
nostic provisions are made for most units. These 
provisions vary from manual controls and il1dicaiors 
for insertions, control, and observation of test data 
to built-in diagnostics initiated from the test panel. 
The remaining lmits utilize their control units or 
external testen; for offline diagnostic purposes. 

POWER AND THEI~MAL MALFUNCTIO:-.:S 

Malfunctions in the power and therrnal area are 
identified by indicators as to type and location. 
Manual intervention by maintenance personnel is 
required to correct such conditions. 

PACKAGING 

The components are packaged for ease of acces­
sibility and replacement; in addition, functional 
packag'ing' that ;3implifies troubleshooting is incor­
porated. Exarr'ples of fUllctional packaging are: 

• One complete register byte on a logic card 
• One complete nine-bit parity-checking circuit 

on a logic card 
• Two com,)lete adder positions on a logic card 
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EXTEND ED DYNAMIC ADDRESS TRANSLA TION 

ADDRESS TRANSLATION (32-BIT VERSION) 

The relocation tables used to translate a logical ad­
dress into a physical address consist of "segment" 
tables and "page" tables. These tables are placed 
in main storage at the "segment table origin" and 
"page table origin" respectively. Each table oc­
cupies the number of storage locations specified by 
the respective "table length" amount. 

Segment table origin and segment table length are 
specified by the contents of the "table register" 
(control register 0). The length is specified by bits 
0-7 of this register, the origin by bits 8-31. The 
uni t of length for the segment table is a group of 
entries (16 entries per group, four bytes per entry). 
Thus, the table length is variable in multiples of 64 
bytes. Further, the address of the table origin 
must be a multiple of 64; hence, bits 26-31 of the 
table register must be zeros or a data exception is 
recognized. 

In the 32-bit addressing mode, a segment table 
length of up to 256 groups of entries (pages) is pos­
sible. The actual table length is one more than the 
quantity specified by bits 0-7 of the table register. 
In the 24-bit addressing mode, the segment table 
length is always one group of entries, and bits 0-7 
of the table register must be zero. 

Each four-byte entry in the segment table de­
fines a page table. The first byte (bits 0-7) defines 
the length of the page table; the remaining three 
bytes (bits 8-31) define the page table origin. The 
unit of length for a page table is a two-byte entry. 
Thus, the table is variable in multiples of two 
bytes. Each page table's origin is located at a byte 
address that is a multiple of two. Thus, bit 31 of 
each segment table entry that defines a page table 
is zero. If bit 31 is one, no translation takes place 
and a segment relocation exception is recognized 
(program interruption with interruption code 16). 

Figure 8 illustrates the translation action when 
the 32-bit addressing mode is used. Bits 0-19 of 
the "logical" (or virtual) address are first com­
pared with the corresponding bits of each associa­
tive register having bit 36 set to one. If a match is 
found, bits 20-31 of that register are used as bits 
8-19 of the physical address, and bit 37 at the asso­
ciative register is set to one. Bits 20-31 of the 
logical address are used directly as bits 20-31 of 
the physical address. 

If no match is found, or if no register in the 
associative array has bit 36 set to one, the logical 
address must be translated by means of the segment 
and page tables. This translation proceeds as in­
dicated by the dotted lines in Figure 8. The segment 
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field of the logical address (bits 0-11) is first added 
to the origin address portion of the table register 
(bits 8-31). (For this addition the segment field of 
the logical address is aligned with bits 18-29 of the 
table register, since the entry to be fetched is four 
bytes long and has a byte address which is a mul­
tiple of four.) As part of the process of fetching the 
segment table entry, bits 0-7 of the logical address 
are compared with the segment table length (bits 0-7 
of the table register). If the latter is less than the 
former, a segment relocation exception is recog­
nized (program interruption with interruption code 
16). The quantity obtained by this addition is the 
address of the segment table entry. 

The segment table entry is used with the page 
field of the logical address in much the same manner 
as the table register contents were used with the 
segment field (see Figure 8). Bits 12-19 of the 
logical address are aligned with bits 23-30 of the 
origin portion of the segment table entry (bits 8-31) 
and the two quantities are added. The resultant 2'1-
bit quantity is used as the address of a two-byte page 
table entry, which is subsequently fetched from 
storage. As described earlier, if bit 31 of the 
segment table entry is one, a segment relocation 
exception is recognized. In addition, bits 12-19 of 
the logical address are compared with the page 
table length (bits 0-7 of the segment table entry), 
and, if the former is greater than the latter, a page 
relocation exception is recognized (program inter­
ruption with interruption code 17). 

The two-byte table entry consists of a physical 
page address portion (bits 0-11) and control bits 
(bits 12-15). Bits 13-15 must be zeros or a speci­
fication exception is recognized and the instruction 
is suppressed. Bit 12 defines the status of the page 
address portion of the entry. If bit 12 is zero, the 
page address is used as bits 8-19 of the physical 
add res s as shown in Figure 8. If bit 12 is one, a 
page relocation exception is recognized. Bit 12 thus 
serves to indicate whether the page referenced is 
actually available in core storage. The other three 
bits (bits 13-15) are reserved for future use. 

The actual page address obtained by the transla­
tion method described above is not only used to 
address memory but is also loaded into an asso­
ciative register along with the segment and page 
fields of the logical address. Thus, it is made 
available for future use without the need for repeat­
ing the translation process. When an ass ociati ve 
register is so loaded, its bit positions 36 and 37 are 
set to one. (Selection of the registers to be loaded 
is under control of a usage algorithm that uses in 
sequence the registers with bit 37 set to zero. 



When bit 37 is one in all registers, this bit is 
reset to zero in each register.) Bit 36 is used 
to indicate the presence of a valid entry in the 
associative register. It is reset to zero each 
time the contents of the table register are 
changed. 

The translation process described above applies 
in all respects when 24-bit addressing is used, with 
the provision that bits 0-7 of the logical address 
are always zero. 

TABLE REGISTER 
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Relocation of addresses provided by the processor 
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Addresses provided by the channels, either for 
fetching channel control words from main storage 
or for fetching data from (or storing data into) main 
storage, are never relocated regardless of the 
setting of bit 5 in the PSW. 

Locations whose addresses are generated by the 
processor or channels for updating or interruption 
purposes (equipment-generated addresses), such as 
the timer, channel status words, or PSW addresses, 
are not relocated via the relocation tables. How­
ever, when the program specifies these locations, 
they are subject to relocation as defined above. 

Core storage addresses in the range 0-4095 
(including the above-mentioned equipment-generated 
addresses) are relocated by means of the primary 
or alternate prefix, as defined in System/360 
Principles of Operation (A22-6821), unless the 
prefix is disabled by means of the prefix deactiva­
tion switch. Consequently, the prefix is applied 
when the address (either the logical address when 
no relocation takes place or the translated address 
obtained via the relocation tables) falls within the 
range 0-4095. 

When relocation is specified, the storage pro­
tection, by means of the protection keys. is still 
active. 

Whenever access to main storage is made by the 
equipment for the purpose of fetching an entry from 
a relocation table in the course of an address trans­
lation process, storage protection is ignored; that 
is. the equipment acts as if the block of storage 
containing the relocation tables was not fetch­
protected during the memory cycle i.n which the 
relocation table entry is fetched. However, if the 
addresses at which the relocation tables are located 
are generated by the program, they are subject to 
storage and fetch protection in the normal manner. 

If the storage address. generated in the address 
translation process for fetching a relocation table 
entry, exceeds the storage capacity of the installa­
tion, an addressing exception is recognized, result­
ing in a program interruption (interruption code 5). 

EXTEl\i'DED CONTROL (32-BIT VERSION) 

PSW Format 

The system can operate under the control of a PSW 
in the following two modes: 

• Standard PSW format as defined in System/360 
Principles of Operation (A22-6821) 

• Extended control PSW format, as defined in 
this section 

Switching between these two modes is under con­
trol of bit 8 of control register 6. \Vhen this bit is 
one, extended control PSW format is used. Upon 
system reset resulting from a power-on sequence, 
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manual system reset, manual IPL, or external 
start (electronic IPL), this bit is set to zero. If it 
is changed by a Load Multiple Control instruction, 
the resulting PSW mode change becomes effective 
upon completion of that instruction. (If other bits 
are changed by the Load Multiple Control instruc­
tion, the exact moment when the new settings take 
effect is unpredictable.) 

The following are bit assignments of the Ps\V 
format for extended control: 

Bits 

0-3 

4 

5 

6 

7 

8-11 

12-15 

16-17 

18-19 

20-23 

24-31 

32-63 

Must be zeros. Otherwise, a specifi­
cation exception is recognized when­
ever the PSW containing a nonzero bit 
in these positions is used (that is, 
during the fetching of the first instruc­
tion under the control of this PSW, 
similar to the specification exception 
caused by a nonzero bit in position 63 
of the PSW). 

24/32-bit virtual addressing mode bits. 
When this bit is a zero, 24-bit address 
arithmetic applies. When this bit is a 
one, 32-bit address arithmetic applies. 

Relocation mode bit. When this bit is 
a zero, no relocation takes place. 
When this bit is a one, relocation takes 
place. 

I/O mask bit, controls the masking of 
all I/O channels. When this bit is a 
zero, all I/O channels are masked off. 
When this bit is a one, the masking of 
the individual channels is contained in 
control register 4-5. 

External mask bit. When this bit is 
zero, all extended interruptions are 
masked off. When this bit is one, 
masking of external interruptions is 
controlled by control register 6. 

Protection key (same as standard PSW 
format) 

AMWP (same as standard PSW format) 

fustruction length code 

Condition code 

Program mask 

Must be zeros. Otherwise, a speCifica­
tion exception is recognized. 

Logical instruction address (Note: 
When bit 4 is zero, bits 32-39 must be 
zero or a specification exception is 
recognized. ) 



In addition to storing the above fields of the PSW 
as an "old PSW", the 16-bit interruption code field 
generated as a result of an interruption is stored as 
a halfword in storage in the following byte location. 

Interruption 1Ype 

External 

Storage byte location 

14-15 

16-17 

18-19 

20-21 

22-23 

SVC 

Program 

Machine check 

I/O 

Control Registers 

A set of control register positions is provided as 
part of various features. Up to 16 registers of 32-
bit positions each may be provided. The bit position 
assignments for the control registers are shown 
below. Some of the bit positions are assigned for 
the purpose of sensing the settings of manual 
switches, and are therefore not implemented as 
registers. These bit positions can only be stored 
into main storage, but cannot be loaded from main 
storage. The control registers are not part of 
addressable storage. They are changed by Load 
Multiple Control and inspected by Store Multiple 
Control instructions. 

Bit positions of the control registers are as­
signed as follows. 

Control 
Register 

o Table register (for dynamic relocation) 

1 Unassigned 

2 Relocation exception address register 

3 Unassigned 

4-5 Extended mask registers. The bit as­
signment is as follows: 
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Bit 0-63: I/O channel mask for chan­
nels 0-63 

Bits 0-3: machine check mask exten­
sions for channel controllers. Bit 8: 
extended control mode. Bit 9: con­
figuration control. Bits 24-31: exter­
nal interruption masking as defined in 
the following table. 

Interruption Bit 
Source Position* 

Timer 24 
Interrupt key 25 
External signal 2 26 
External signal 3 27 
External signal 4 28 
External signal 5 29 
External signal 6 30 
External signal 7 31 

*Bit position applies to: 
(1) PSW for interruption code 
(2) Control register 6 for masking 

7 Unassigned 

8-9 

10 

11 

States of core storage partitioning 
switches, one eight-bit byte for each 
logical processor storage unit. The 
bi ts in the byte correspond to the 
eight tails of the logical processor 
storage units, with "one" indicating 
that connection is established over the 
tail. 

BIts 0-31: Core storage address as­
signment, one four-bit field for each of 
the maximum of eight logical processor 
storage units. The four-bit field con­
tains bits 11-14 of the assigned core 
storage address. 

Bits 0-15: states of channel controller 
partitioning switches with one four-bit 
field for each channel controller. The 
bits in the field correspond to the four 
tails of each channel controller, with 
"one" indicating that connection is 
established. 

Bits 16-31: Channel address assign­
ment (as viewed from the processor 
executing the STMC instruction), one 
four-bit field for each of the maximum 
of four processors. A field containing 
three zeros and a one indicates that 
for the particular processor, only the 
channel controller corresponding to 
the bit position that is "1" is address­
able and its channels are 0-6. No 
other bit combinations are possible in 
these four-bit fields. 

12-13 states of control-unit partitiOning 
SWitches, with at least two bit posi­
tions assigned to each control unit. 
"One" indicates that connection is 
{'stablished. The particular assign­
ment of bit positions is presently left 
open. 
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14 Bits 0-23: Unassigned 

Bits 24-27: States of direct-control 
partitioning switches, one bit for each 
processor. "One" indicates that the 
direct control interface of the corre­
sponding processor is connected to the 
other CPU's; zero indicates that the 
direct-control interface is disconnected 
from the other processors. 

Bits 28-31: States of prefix deactiva­
tion switches, one bit for each 
processor. 

15 Unassigned 

NEW INSTRUCTIONS (32-BIT VERSION) 

The following new instructions are included in the 
instruction set of the Model 67: Branch and Store, 
Load Real Address, Load Multiple Control, and 
Store Multiple Control; discussion of these new 
instructions follows. 

Mnenomic Type Code 

BRANCH AND STORE 

BRANCH AND STORE 

BASR 

BAS 

RR 

RX 

OD 

4D 

In the 32-bit addressing mode, the updated lOgi­
cal instruction address is stored as link information 
in the general register specified by Rl (in bit posi­
tions 0 to 7, and 8 to 31 respectively). Subse­
quently, the logical instruction address is replaced 
by the logical branch address. 

The branch address is determined before the link 
information is stored. The instruction length code 
is 1 or 2, depending on the format of the Branch and 
store. 

In the 24-bit addressing mode, zeros are stored 
in bit positiOns 0-7 of the general register speCified 
by Rl. 

Condition code: The code remains 
unchanged. 

Program interruptions: None. 

Programming note: The link information is 
stored without branching when in the RR format 
and the R2 field contains zeros. 

When Branch and Store is the subject instruction 
of Execute, the instruction-length code is 2. 

LOAD REAL 
ADDRESS 
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Excep­
Mnemonic Type tions 

LRA RX M,S 

Code 

B1 

The translated address of the second operand is 
inserted in the low-order 24 bits of the general 
register specified by the R1 field. The remaining 
bits of the general register are made zero. 

The address specified by the X2' B2, and D2 
fields is translated through the dynamic relocation 
features (regardless of whether the relocation mode 
bit is a zero or a one), and the translated address 
is inserted in bits 8-31 of the general register 
specified by Rl' Bits 0-7 are set to zero. The 
translated address is not inspected for protection or 
resolution. 

During the address translation process, no relo­
cation exceptions are recognized. Instead, the con­
dition code is used to indicate successful translation 
or the reason for its failure. If the translation was 
unsuccessful, the contents of R1 are replaced by the 
table entry, leaving its availability bit set to one; 
and the logical address that was to be translated is 
stored in control register 2. 

LOAD MULTIPLE 
CONTROL 

Excep­
Mnemonic Type tions 

LMC RS M.A, 
S, D 

Code 

B8 

The set of control registers starting with the con­
trol register specified by R3 is loaded from the 
locations deSignated by the second operand address. 

The storage area from which the contents of the 
control registers are obtained starts at the location 
deSignated by the second operand address and con­
tinues through as many storage words as needed. 
The control registers are loaded in the ascending 
order of their addresses, starting with the control 
registers specified by R 1 and continuing up to and 
including the control register specified by R3, with 
control register 0 following control register 15. 
The second operand remains unchanged. 

If any of the bits loaded into positions 26-31 of 
control register 0 are ones. a data exception is 
recognized. 

Condition code: The code remains 
unchanged. 

Program interruptions: Privileged operation, 
addreSSing, speCifi­
cation, data 

STORE MULTIPLE 
CONTROL 

Excep-
Mnemonic Type tions Code 

STMC RS M,P, BO 
A, S 



The set of control registers starting with the con­
trol register specified by R3 stored at the locations 
designated by the second operand address. 

The storage area where the contents of the con­
trol registers are placed starts at the location 
deSignated by the second operand address and con­
tinues through as many storage words as needed. 
The control words are stored in the ascending 
order of their addresses, starting with the control 
register specified by Rl and continuing up to and 

including the control register specified by R3, with 
control register 0 following control register 15. 
The control register remains unchanged. 

Condition code: The code remains 
unchanged. 

Program interruptions: Privileged operation, 
protection, addreSSing, 
specification 

67 



C20-1647-O 

International Business Machines Corporation 

Data Procesdng Division 

112 East Post Road, White Plains, New York 10601 

." ,. 


