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EXTEMNDING THE NUMBEH OF GENERAL
PURPOSE REGINTERS AVAILABLE TO INSTRUCTIONS

FIELD OF THE INVENTHON

The present invention s related to computer systems and more particularly to computer

systent processor instruction functionality.

BACKGROUND

Trademarks: IBM® i3 a registered trademark of International Business Machines
Corporation, Armonk, New York, U.S.A. 5/390, 2900, 2990 and 210 and other yroduct
names may be registered trademarks or product namwes of International Business Machines

Corporation or other companics,

IBM has created through the work of many highly talented engineers begimnimg with
machines known as the IBM® System 360 i the 19608 to the present, a special architectus
which, because of its essential nature to a computing systom, became known as “the
manframe” whose principles of operation state the architecture of the machine by describing
the instructions which may be executed upon the “mainfrarse” implementation of the
mstructions whuch had been mvented by IBM inventors and adopted, because of their
significant contribution to mproving the state of the computing machine representad by “the
mamframe”, as significant contributions by mclusion in IBM s Principles of Operation as
stated over the years, The Eighth Edition of the IBM® «/Architectire® Principles of
Operation which was published February, 2009 has become the standard published reference

as SAZZ-7E32-07 and 1 meorporated w IBM s 21 0® maintrame servers including the IBM

System z10® Enterprise Class servers.

Referring to FIGG. 1A, representative components of 2 Host Computer sysiem 30 are

[+ » o
portrayed. Other arrangements of components may also be employed 1 a computer systom,
which are well known in the art. The representative Host Computer 38 comprises one or

more CPUs 1 in conwrunication with main store {Computer Memory 23 as well as VO
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futertaces to stovage devices 11 and networks 10 for coromumcating with other computers or
SANs and the like, The CPU 1 i compliant with an architecture having an architected
mstruction set and archilected funchionality. The CPU 1 roay have Dynarmc Address
Transiation {BAT) 3 for transforming program addresses (virtual addresses) into veal address
of memory, A DAT typically includes a Translation Lookaside Butter (TLB) 7 for caching
translations so that later accesses to the block of computer memory 2 do not reguire the
delay of address translation. Typically a cache 9 18 enyployed between Comyputer Moemory 2
and the Processor 1. The cache 9 may be hicrarchical having a large cache avaabie to more
than one UPU and smaller, faster (lower level) caches between the large cache and cach
CPU. In some implomentations the lower level caches arve split to provide separate low level
caches for mstruction fetching and data accesses. In an embodiment, an instruction is fetched
from memory 2 by an mstruction fetch unit 4 via 8 cache 9. The mstruction 1s deended inan
mstruction decode anit {63 and dispatched (with other instructions fu some embodiments) fo
mstruction execution uns 8. Typically soveral exccution urits § gre enployed, for exaraple
an arithmetic execution unit, a floating point execution unit and a branch instruction
execcution unit. The mstruction 18 executed by the execution unit, accessing operands from
mstruction specified registers o memory as veeded. H an operand o be accessed {loaded
or stored) from memory 2, @ load store unit 5 typically handles the access under control of
the mstruction being execcuted. fustructions may be executed 1o hardware cirenis of in

maternal wicrocode (firmware or by a combination of both.

in FIG. 18, an example of an ermulated Host Computer systemn 21 s provided that eroulates a
Host computer systern 38 of & Host archiiecture. fo the enwlated Host Computer systom 21,
the Host processor {CPUY 1 s an emulated Host processor {or virtual Hoat processor) and
compriscs an crmulation processor 27 having a different native mstruction set architecture
than that of the processor 1 of the Host Covoputer 58, The cnmlated Host Comwputer system
21 has memory 22 accessibie to the enwulation processor 27, in the example embodiment, the
Memary 27 18 partitioned tnto a Host Coroputer Memory 2 portion and ao Emulation
Routines 23 portion. The Host Computer Memory 2 is avaiiable to programs of the emulated
Host Comyprater 21 according to Host Cornputer Architecture. The cnwlation Processor 27
executes pattve mstnuctions of aun architected instruction sct of an architecture other than that

of the ermulated processor 1, the native instructions obtained from Ersulstion Routines
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meroory 23, and may aceess a Host iustruction for execution from a program 1o Host
Computer Memory 2 by employing one or more instruction{s} obtained in a Sequence &
Access/Decode routine which roay decode the Host justruchionts) aceessed to determine 4
native instruction execution routine for cnnlating the function of the Host mstruction
accessed. Other facilitios that are defined for the Host Computer Systera 50 archutecture may
be ermulated by Architected Facilities Routines, inchuding such faciiitics as General Parpose
cgisters, Control Registers, Diyvnamic Address Transiation and /O Subsystem support and
processor cache for example. The Emulation Routines roay also take advantage of fanction
available in the emulation Processor 27 (such as general registers and dynamic translation of
virtual addresses) to oprove performance of the Enmlation Routines. Special Hardware and
Gif-Load Engines may also be provided to assist the processor 27 m emulating the function

of the Host Computer 30

In a mainframe, architected machine mstructions are used by progranuncrs, usually today
(7 programmers often by way of a compiler application. These instructions stored in the
storage medium may be execnted natively in a z/Architecture IBM Server, or alternatively in
machines exceuting othor architectures. They can be ervulated 1 the existing and in future
IBM mainframe servers and on other machines of 1BM (c.g. pSeries® Servers and xSeries®
Serversy. They can be executed 1o machines runring Linux on a wide variety of machines
using hardware manufactured by IBM®, [ntel®, AMD™, Sun Microsystems and others.
csides cxecution on that hardware under a Z/Architecture®, Linnx can be used as well as
machines which use emulation as deacribed at hitp://www turbohercules.com,
http/Swww hereules-390.org and bitp//www funsoti.corn. Tn enwlation mode, croulation
software s execnted by a native processor to emmlate the architecture of an ermlated

PrGLCsS[0T.

The native processor 27 typically executes emulation software 23 comprising cither
fierware o a native operating system to perform cmulation of the enulated processor. The
ermlation software 23 is responsible for fetehing and executing nstructions of the ermulated
processor architecture, The eroulation software 23 mamtains an cmulated progrars counter to
keep track of tnstruction boundaries. The emnlation software 23 may feich one or more

ermulated machine instructions at g time and convert the one or more emulated machine
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fustroctions to a corresponding group of native wachine instructions for exccution by the
native processor 27, These converted instructions may be cached such that a faster
conversion can be accoraphished, Not withstanding, the emulation software must maintain
the architecture roles of the ermmlated processor architecture 8o as to assure operating
systerns and applications written for the emulated processor operate correctly, Furthermore
the emulation software must provide resovurces dentified by the emulated processor |
architecture inchuding, but not limited to control rogisters, general purpose registers, floating

ro
ge

poiot registers, dysamic address translation imction meloding segmend tables and pa
tables for example, interrupt mechanisms, context switch mechanisms, Time of Day {TOD)
clocks and architected iderfaces to VO subsystoms such that an operating system or ag
application program designed to run on the ermulated processor, can be run on the native

processor having the eroulation software.

A specific mstruction being croulated 15 decoded, and a subroutine called to porform the
function of the individual instruction. A emulation software function 23 emulating a
function of an emulated processor 1 is implemented, for example, ina "7 subroutine or
driver, or some other roethod of providing a driver for the specific hardware as will be withip
the skill of those in the art after understanding the description of the preforred embodiment.
Varous software and hardware cmulation patengs including, but not Hmited to US 5551413
for a “Mudtiprocessor for hardware emulation” of Beausolet] et al,, and US60069261:
Preprocessing of stored target routines tor emulating meompatible mstructions on a target
processor” of Scalzi et al; and USS574873: Decoding guest nstruction to directly access
ernuiation routines that emulate the guest mstructions, of Davidian ot al; US6308255:
Symnetrical multiprocessing bus and chipset used for coprocessor support allowing non-
native code to run in a system, of Gorishek ot al; and US6463582: Dynamic optimizing
object eode trapslator for architecture evoulation and dynamuc optivoizing object code
transiation method of Lethin et al; and UNS790825: Method for emulating guest instructions
on a host computer through dysamic recompilation of bost mstructions of Eric Traut, These
references iHustrate a variety of known ways to achieve emulation of an instruction format
architected for a difforent machine for a target machine gvailable to those skilled m the arn,

as wel as those commercial software techniques used by those referenced above.



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048

In US Publication No. US 2009/0249039 Al, published October 1, 2009, Hook et al.,
“Providing Extended Precision in SIMD Vector Arithmetic Operations,” the present
invention provides extended precision in SIMD arithmetic operations in a processor having a
register file and an accumulator. A first set of data elements and a second set of data
elements are loaded into first and second vector registers, respectively. Each data element
comprises N bits. Next, an arithmetic instruction is fetched from memory. The arithmetic
instruction is decoded. Then, the first vector register and the second vector register are read
from the register file. The present invention executes the arithmetic instruction on
corresponding data elements in the first and second vector registers. The resulting element of
the execution is then written into the accumulator. Then, the resulting element is transformed
into an N-bit width element and written into a third register for further operation or storage
in memory. The transformation of the resulting element can include, for example, rounding,

clamping, and/or shifting the element.

What s necded 13 new justruction functionality counsistent with existing archifecture that
relieves dependency on architecture resourcss such as gencral registers, improves

functionabity and performance of sofbware versions eroploying the now mstruction.

SUMMARY

I an cmbodiment of the High-word facility, an effective number of General Purpose
Registers (GPRs) available to instructions of a prograny is extended in a computer baving a
first numiber of large GPRs, cach instruction conprising an opeode and one or more GPR
ficlds for specifying corresponding GPRs, each large GPR covaprising a first portion and a
sccond portion, said large GPRS comprising first small GPRs consisting of first portions and
sccond sroall GPRs consisting of second portions. wherein responsive 1o the computer being
in 2 small GPR mode, performing a) and b} are performed. a} instructions of a first setof
fustractions are executed, the fivst set of msiractions for accessing said first sroall GPRg, the
execution comprising generating memory addreases for accessing memory operands based
ot saui first small GPRs or accessing fivst snall GPR operands, wheren the fivst small GPRs
consist of said first portions; and b} instructions of a second set of instructions are executed,

the sconnd sot of mnstructions for accessing saud sccond small GPRs, the execution
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comprising gonerating roomory addresses for aceessing memory operands based on said
sccond small GPRs or accessing second small GPR epeorands, wherein the second small
(3PRs counsist of sand second portions; and responsive to the computer being 1o 8 large GPR
moede, nstructions of a third set of mstructions are executed, the execution comprising
generating mernory addrosses for accossing memory operands based on saud large GPRs or

accesaing large GPR operands comprising said first portions and said second portions.

fu an cmbodiment, the sieall GPR mode comprises being 1o one of a 24 bit addressing mode

or a 31 bit addressing mode.

In an embodiment, the first portion 1s 32 bits, the second portion i 32 bits and the third

portion is 64 biis,

In an embodiment, exccution of the mstruction of the second mstruction set comprises
performing a corresponding opcode defined function based on two operands, and storing the
result, the corresponding opcode defined function consisting of an ADD of two operands

function or a COMPARE of two operands function,

In an embodiment, exccution of the mstruction of the second instruction set comprises
performing a corresponding opcode defined function based on two operands, and storing the
csult, the corresponding oponde defined function consists of a LOAD of an operand from

memory function or a STORE of an operand to memory function.

In an embodiment, execution of the nstruction of the second instruction set comprises
performing & corresponding opeode defined function based on two operands, and storing the
result, the corresponding opcade defined function s a ROTATE THEN INSERT
SELECTED BITS function comprising: rofating a source operand by an instruction specified
amoound; and inserting a selected portion of the rotated source operand ina selecied portion

of a target operand.
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In an embodiment, an Operating System s supporied operating 1 Large GPR mode wheren
the Large GPRs are saved and restored during context switches for Applications running in

Small GPR mode.

In an embodiment, an Operating Systom operates m Large GPR mode wherein the Large
(PR are saved and restored during context switches for Apphications running i Small GPR

mode.

The above as well as additional objectives, features, and advantages embodiments will

become apparent i the following written desoription.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiroents of the disclosure will now be described, by way of example ondy, with

reference to the accompanying drawings o which:

FIG. 1A is a diagraro depicting an example Host computer systemy

FIG. 1B 1 a diagram depicting an example enmlation Host computer system,
FIG, 10 is a diagravo depicting an example computer system,;

FEG. 2 s a diagran depicting an example computer network;

FIG. 3 15 & diagram depicting an clements of a corputer system;

FIGs, 4A-4C depict detailed elements of a computer systeny;

FIGs, SA-SF depiet machine mstraction fOrroat of a coroputer system;

FECG. & depicts an example Large GPR;

FiGs. 7A-78 presents an example High-Word emibodiment flow; and

FIG. B depiets an exarople context swiich flow,

DETAILED DESCRIPTION

An embodiment maay be practiced by sofiware {sometimes referred to Liconsed Internal
{Code, Firmware, Micro-code, Milli-code, Pico-code and the like, any of which would be

consistent with the embodiments). Referring to FIG. 1A, software prograrm code 8 typically



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048

from long-term storage media 11, such as 2 CD-ROM drive, tape drive or hard drive. The
sofbware program code may be embaodied on any of a varicty of known media for use with a
data processing systemn, such as a diskette, hard drive, or CB-ROM. The code may be
distributed ou such media, or may be distributed to users fror the computer memory 2 ot
storage of one computer system over a network 1€ o other computer systems for use by

users of such other systerns.

Alternatively, the program code may be embodied in the memory 2, and accessed by the
processor 1 using the processor bus, Such program code meludes an operating systen wineh
controls the fanction and interaction of the varous computer components and ong of MoTe
apphcation prograns. Program code 18 nortrally paged from deose storage media 11 o
high-speed memory 2 where i is available for processing by the processor 1. The
technigues and methods for embodying software program code in memory, on physical
maedia, and/or distributing sofbware code via networks are well known and will not be further
discussed hercin. Program code, when created and stored on a tangible medium {including
but not furoted to clectronie memory modules (RAM}, Bash memory, Compact Phscs (CDs),
2V Ds, Magnetic Tape and the ke is often reforred o as a "computer progran product”. The
computer prograr product medium s typically readable by 8 processing circuit preferably i

a computer system for execution by the processing circuit,

FIG, 1C husirates a representative workstation or server hardware system, The aystem 1
of F1G. 10 comprises a reprosentative coraputer system 101, such as g personal conyuter, a
workstation or a server, incliding optional peripheral devices. The workstation 107 nclades
onc or more processors 00 and a bus employved 1o connect and cnable comnmnication
between the processor(s) 106 and the other components of the systern 107 ju accovdance
with known techriques. The bus connects the processor 106 to memory 105 and long-terny
storage 107 which can include a hard dvive (ncluding any of wagnetic media, O5, DVD and
Flash Memory for example) or a tape drive for example. The system 181 might also inchude
& user mtertiace adapter, which connects the nucroprocessor 106 via the bus to one or more
mterface devices, such as a keyboard 184, mouse 103, a Printer/scanner 110 and/or other

mterface dovices, which can be any user mterface device, such as @ touch sensitive scroen,



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048

digitized entry pad, otc, The bus also covoects 4 display device 102, such as an LODY screen

or monitor, to the microprocessor 106 via g display adapter.

The system 181 may communicate with other computers or networks of computers by way
of a network adapter capable of communicating 108 with a network 169, Example network
adapters are conununications channels, oken ring, Ftheroet or modems. Alternatively, the
workstation 101 may communicate using g wircless mierface, such as a CDPD {cellular
digital packet data) card. The workstation 101 may be associated with sach other computers
in a4 Local Arga Network (LAN) or g Wide Area Network {WAN), or the workstation 101
can be a chent wn a chent/server arvangement with another compuier, et All of these
confipurations, as well as the appropriate communications hardware and software, are

known i the art,

FIG. 2 illustrates a data processing network 200 i which embodiments may be practiced,
The data processing network 200 may include a plorabity of individual networks, such as a
wircless network and a wired network, cach of which may inchude a plurality of mdividual
workstations 101 201 202 203 204, Additonally, as those skilled in the art will appreciate,
one or more LANS may be included, where a LAN may comprise a plurality of intelligent

workstations coupled o a host processor.

still referring to FIG. 2, the networks may also melude mamfrarne conputers or servers,
such as a gateway computer {cHent server 206} or application server {remote server 208
which may access a data reposiiory and may also be accessed dueetly from a workststion
203, A gateway computer 206 serves as a point of entry inte each network Z{7. A gateway
18 necded when connecting one notworking protoco! 1o another. The gatewsy 206 may be
preferably coupled to another network (the Internet 207 for exarople) by weans of'a
comnunications link. The gatewsay 206 may also be directly coupled to one or more
workstations 101 201 202 203 204 vsing a coromunications link. The gateway coraputer
may be implemented utilizing an IBM eServer™ zlerics® »8® Server available from IBM

Corp.
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Software programming code is typically accessed by the processor 106 of the systern 10]
from long-term storage media 107, such as a CD-ROM drive or hard drive. The software
prograrroing code may be embodied ov any of a varicty of known media for use with a data
processing system, such as a diskette, hard drive, or CE-ROM. The code may be distributed
on such media, or may be distributed o users 210 211 from the memory or storage of oue
computer systern over a network to other computer systems for use by users of such other

Systems.

Alternatively, the programming code 1H may be embodied in the memory 1835, and
accessed by the processor 106 using the processor bus, Such programmng code mehudes an
operating system which controls the function and interaction of the various computer
components and one or more application programs 112, Program code 8 norreally paged
from dense storage redia 107 fo high-speed memory 105 where # is avatlable for processing
by the processor 106, The technigues and rocthods for embodying software programnung
code i memory, on physical media, and/or distributing sofbware code via networks are well
known and will not be further discussed herein. Program code, when created and stored on a
tangible mediiro {includiog but not luwnited to electrome memory roodules {RAM), fash
memory, Compact Discs (CDs), BV Ds, Magnetic Tape and the Hke ts often referred to as a
"compuier program product”. The computer program product medivro 18 typically readable
by a processing circuit preferably in a computer systens for execution by the processing

cireuit,

The cache that is roost readidy available to the processor (normally faster and smaller than
other caches of the processor) is the lowest (L1 or level one) cache and main store {main
memery) is the highest lovel cache (L3 if there are 3 levels). The lowest level cache is offen
divided into an instruction cache {1-Cache) holding maching instructions to be executed and

& data cache {D3-Cache} holding data opeorands.

Referring to FIG. 3, an exemplary processor embodiment 13 depicted for processor 106,
Typially one or more levels of Cache 303 are employed to buffer memory blocks m order
to fmprove processor performance. The cache 303 s a bigh speed buffer holding cache lines

of memary data that are lkely to be used. Typical cache hines are 64, 128 or 256 bytes of
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meroory data. Separate Caches are often employed for caching instructions than for caching
data. Cache coherence {synchronization of copigs of lines in Meomory and the Caches} is
often provided by varnous "Sooop” algorithms well known in the art, Main storage 105 ofa
processor system is often referred to as a cache. 1o a processor systen haviog 4 levels of
cache 303 main storage 105 5 soretiracs referred to as the level 5 (L3)Y cache sinee ¢t 18
typically faster and only holds a portion of the non-volatile storage (DASD, Tape ete) that is
available to g computer systerm. Main storage 105 "caches” pages of data paged v and cut of

the roain storage 105 by the Operating system.

A program counder (nstruction couoter) 311 keeps track of the address of the current
mstruction (0 be executed. A program counier in & z/Architecture processor is 64 bits and
can be truncated to 31 or 24 bits to support prior addressing Hmits, A program counter is
typically evabodied ina PSW {program status word) of a computer such that i persists
during context switching. Thus, 8 prograrg i progress, baving g program counter value, may
be interrapted by, for example, the operating system {context switch from the program
envirpnment (o the Operating system environmment}. The PSW of the program nwintains the
program counter valoe while the prograro is not active, and the prograrm counter {in the
PSWY of the operating systen 18 used while the operating system is executing. Typically the
Prograro counter s imcrerocnieod by an aroount equal fo the number of bytes ol the current
fustrection. RISC (Reduced Instruction Set Computing) instructions are typically fixed
tength while CISC (Complex Instruction Set Coroputing) instructions are typically varnghle
tength. fnstructions of the IBM z/Architecture are CISC instructions having a length of 2, -
or & biytes. The Program connter 311 15 modified by either a context switch operation o1 g
Branch taken operation of a Branch instruction for example. In a context switch operation,
the current program counter value s saved in 8 Program Status Word (PSW) along with
other state fmformation about the program being evecuied (such as condition codes), and a
now program counter value s loaded pointing o an instruction of a new program module to
be executed. A branch taken operation 1s perforrocd inorder to perrot the program o make
decisions or loop within the program by loading the result of the Branch Instruction into the

Program Counter 311
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Typically an instroction Fetch Untt 305 s eroployed to fotch matructions ou behalf of the
processor 106, The fetch unit cither fetches "pext sequential instructions”, target instructions
of Branch Taken mstructions, or first justruchions of a program following a coutext switch,
Modern Instruction fotch units often employ prefetch technigues to speculatively prefetch
mstractions based on the bkelihood that the prefetched mstructions might be used. For
exarapie, a fetch unit may fetch 16 bytes of instruction that inclodes the next sequential

mnstruction and additional bytes of further sequential mstructions.

The fetched instructions are then executed by the processor 106, In an embodiment, the
fetched instraction{s) are passed to a dispatch yott 306 of the fotch unit. The dispatch unit
decodes the mstructionds) and forwards mformation about the decoded nstruction(s) to
appropriate units 307 308 310, An execntion urut 307 will typically recoive miformation
about decoded arithmetic instructions from the instroction fotch anit 385 and will perform
arithmetic opergtinns on operands according to the opeode of the mstruction, Operands are
provided to the execution unit 307 preferably either from memory 1085, archifected registers
309 or from an immiediate ficld of the instruction being executed. Results of the execution,
when stored, are stored either 1o memory 105, regisiers 309 or 1o other machine hardware

{such as control registers, PSW registers and the like).

A processor 106 typicaily has one or more execution units 307 308 310 for exccuting the
function of the mstruction. Referrimyg to FIG. 4A, an exccution unit 307 may comnunicate
with architected general registers 309, a decode/dispatch unit 380 a load store unit 31§ and
other 401 processor units by way of interfacing logic 407, An Excoution unyt 307 roay
eraploy several register circuits 403 404 4835 to hold information that the arithmetic logic
unit {ALUY 402 will operate on. The ALU performs arithmetic operations such as add,
subtract, viltiply and divide as well as logical fuoction such as and, or and exclusive-or
{xor), rotate and shift. Preferably the ALU supports specialized operations that are design
dependent. Other cweuits voay provide othoer archutected facilitios 408 including condition
codes and recovery support logic for exaraple. Typically the result of an ALU operation &
held 1o an output register cireuit 406 which can forward the result to a varnicty of other
processing functions. There are wany arrasgements of processor units, the present

description s only mntended to provide a roprosentative understanding of one embodiment,
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An ADD mstruction for example would be executed iy an execution unit 307 having
artthmetic and logical functionabity while a Floating Point jusiraction for example would be
executed in a Floating Pomt Execution having apecialized Floating Point capability.
Preterably, an cxocution unit operates on oporsnds identified by an mstruction by performing
an opcode defined function on the operands. For example, an ADD instruction may be
executed by an cxecution untt 367 on operands found m two registers 309 identified by

register fickds of the nstruction.

The execution unit 307 porforres the anthimetic addition on two operands and stores the
result in a third operand where the third operand may be a third register or one of the two
seurce registers, The Execution unit proferably utilizes an Artthraetic Logic Urat {ALU) 402
that is capable of performing a vaniety of logical funcrions such as Shift, Rotate, And, Or and
XOR as well as g varicty of algebraic functions mcluding any of add, subtract, raultiply,
divide. Some ALUs 402 are designed for scalar operations and some for floating point. Pata
may be Big Endian {(where the least sipnificant byte 15 at the highest byte address) or Little
Endan {where the least significant byte s at the lowest byte address) depending on
architecture. The IBM z/Architecture 1s Big Endian. Signed ficlds may be sign and
magritude, s covoploment or 2's complement depending on architecture. A 2's complement
number is advantagesus i that the ALU does not need to design a subtract capability since
cither a negative value or a positive value m 2's complement requires only and addition
within the ALL. Numbers are commonly described in shorthand, where a 12 bit field defines
an address of a 4,096 byte block and 18 coramonly described as g 4 Kbyte (Kilo-byte) block

for example.

Trimodal Addressing
“Trimodal addressing” refers o the ability to switch between the 24-bit, 31-bit, and 64-bit
addressing modes, This switching can be done by means off

« The old instructions BRANCH AND SAVE AND SET MODE and BRANCH
AND SET MODE. Both of these mstructions set the 64-bit addressing mode ¥ bit 63 of the
RZ general register is one. 1 bit 63 i3 zoro, the mstructions set the 24-bit or 31-bit addressing

mode 1f it 32 of the register 15 7ero or one, respectively.



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048
14

» The new fstruction SET ADDRESSING MODE (SAMI4, SAM31, and
SAMG4Y. The imstruction sets the 24-bit, 31-bit, or 64-bit addressing mode as determined by

the operation code.

Tri-Modal Instructions
Trimodal addressing atfects the general instructions ouly in the wanner in which logical
storage addresses are handled, except as Hows.

» The instructions BRANCH AND LINE, BRANCH AND SAVE, BRANMNCH
AND BAVE AND SET MODRE, BRANCH AND SET MODE, and BRANCH RELATIVE
AND SAVE place information 1o bit positions 32-39 of general register R as in ESA/390 in
the 24-bit or 31-bit addressing mode or place address bits in those bit postions in the 64-bit
addressing mode. The new mstraction BRANCH RELATIVE AND SAVE LONG does the
sane.

» The instructions BRANCH AND SAVE AND SET MODE and BRANCH
AND SET MODE place a one in bit position 63 of general register R i the 64-bit
addressing mode. In the 24-bit or 31-bit mode, BRANCH AND SAVE AND SET MODE
sets bt 63 to zero, and BRANCH AND SET MODE leaves it unchanged.

» Certain mstructions leave bits (31 of a general register unchanged in the 24-bit
or 31-bit addressing wode but place or update address ov length inforroation w thers inthe
64-bit addressing mode. These are Hsted in programming note 1 on page 7-7 and are

semetines called modal mstructions,

Effects on Bits §-31 of a General Resister:

Bits §-31 of general registers are changed by two types of instructions. The first type s a
modal mstruction (see the preceding section) when the instruction is executed in the 64-bit
addressing mode. The sccond type 8 an instruction having, mdependent of the addressing
mede, either a 64-bit result operand in g single general register or g 128-bit rosult operand in
an even-odd goneral-register pair. Most of the instructions ol the sccond type are indicated
by a G, either alone or in “GF,” in their mnemonics. All ofthe nstructions of the second
type are somctitaes referred o as “G-type” nstructions. I g program is not executed m the
64-bit addressing mode (Large GPR mode) and does not contain a G-type instruction, it

cannot change bits §-31 of any geocral register (Small GPR roode). In some environments, a
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portion of an appheation prograr may be 1o Swall GPR mode and another portion may be 1
Large GPR mode. In an cmbodiment, certain mstructions may be Small GPR mede
mstructions and others voay be Large GPR mode justructions, wherein the mode of the
computer is dependent on whether it 18 executing a Swall GPR mode mstruction or a Large

GPR mode wnstruction.

Reterring to FIG. 48, Branch mmstruction mformation for excouting a branch mstruction is
typically sent to a branch unit 308 which offen employs 4 branch prediction algovithm such
as a branch history table 432 to predict the cutcome of the branch before other conditional
operations are coroplete. The target of the current branch instruction will be fetched and
spoculatively executed before the conditional operations are complete, When the conditional
operations are completed the speculatively exceuted branch mstructions are cither corapleted
or discarded based on the conditions of the conditional operation and the speculated
outeeme, A typical branch mstruction may test condition codes and branch to a target
address if the condition codes meet the branch requirement of the branch instruction, a target
address may be calculated based on several numbers inchuding ones found m register ficlds
or an immediate field of the nstruction for example. The branch unit 308 may omploy an
ALU 426 having a plurality of input rogister circuits 427 428 429 and an output rogister
circuit 438, The branch unit 308 may communicaie with general registers 309, deende

dispatch unit 306 or other cwenits 425 for example.

The exccution of a group of instructions can be mternupted for a variety of reasons including
& context switch initigted by an operating systonmy, 4 program exeeptinn or CIrer Causing 4
context switch, an VO interruption signal causing a context switch or multi~threading activity
of a plurality of programs {in a multi-threaded environment s for example. Preferably a
contert switch action saves state information about a currently executing program and then
loads state informsation about another prograny being invoked. State information may be
saved in hardware registers or i mewory for example. State inforroation preferably
comprises a progran counter vahie pointing t¢ a next instruction to be executed, condition
codes, memory tramslativn information and architected register comtont, A context switch

activity can be exercised by hardware circuits, application programs, oporating systen
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programs or fivmeware code (microcnde, pieo-code or licensed internal code (LIC) alone or in

combination.

A processor accesses operands according o instruction defined methods. The instruction
mmay provide an inuniediate operand using the value of g portion of the instruction, may
provide one or more register fields explicitly pointing to either general purpose regisiers or
special purpose registers (floating poimt registers for example). The instruction may utilize
vnphied registers ideotificd by an opeode field as operands. The instraction may utibize
memory locations for operands. A memory location of an operand may be provided by a
register, an inrnediate field, or a combination of registers and 1mmediate ficld as
exemplified by the z/Architecture long displacement faciiy wherein the mstruction defines
& Base register, an Index register and an irnroodiate ficld (displacement field) that arc added
together to provide the address of the operand in memory for example. Location herein

typically imphics a location in main memory {main storage) unless otherwise indicated.

Referring to FIG. 40, a processor accesses storage nsing a Load/Store uwnit 310, The
Load/Store unit 310 may perforro a Load operation by obtaming the address of the target
operand in memory 303 and loading the operand in a register 309 or another momory 303
focation, or may perforro a Store operation by obtaining the address of the target operand i
memory 303 and storing data obtained from a register 309 or another memory 303 location
in the target operand pcation i memory 303, The Load/Store vott 310 may be speculative
and may accsss memory in a seqguence that s out-oforder relative to mstruction sequence,
however the Load/Store unit 310 nwst reaintain the appesrance to prograros that instructions
were executed in order. A load/store unit 310 may commumicate with general registers 309,
decode/dispatch unit 306, Cache/Memory mterface 303 or other clements 455 and comprises
varous register ewenits, ALUs 438 and countrol Jogic 463 1o caloulate storage addresses and
te provide pipeling sequencing to keep operations in-order. Some operations may be ount of
order but the Load/Store unit proviudes fanctionahty to make the out of order operations to

appear to the program as having been performed in order as 18 well known in the art,

Preforably addresses that an application program "sees” are often referred (o as virtual

addresses. Virtual addrosses are soroctivacs referred to as logical addresses” and "effective
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addresses”, These virtual addresses are virtual i that they are redwected to physical voomeory
location by one of a variety of Dynamic Address Translation (BAT)Y 312 technologies
wehuding, but not lrored to simply prefining & virtnal address with an offset value,
transiating the virtual address via one or more translation tables, the translation tables
preferably comprising at least g segrent table and a page table alone or n corbination,
preferably, the segment table having an entry pointing o the page table. In w/Architecture, a
hierarchy of translation 1s provided meluding @ region fivst table, a region second table, a
region third table, a segment table and an optional page table, The performance of the
address translation is often improved by utilizing a Translation Look-aside Buffer {TLE)
which corprises cotries mappiog a virtual address to an associated physical memory
location, The eniries are created when DAT 312 transiates a virtual address using the
transiation tables. Subseqguent use of the virtual address can then uwiithize the entry of the fast
TELB rather than the slow sequential Trauvslation table acceases. TLE content may be

managed by a variety of replacement alporithms inchudmg LRYU (Least Recently used).

In the case where the Processor 18 a processor of @ multi-processor system, cach processor
has responsibility to keep shared vesources such as 10, caches, TLBs and Meomory
interlocked for coherency. Typically "snoop” technologies will be utilized in maintaining
cache coherency. ln a snoop environment, cach cache line roay be marked as being m any
one of a shared state, an exclusive state, a changed state, an invalid state and the Iike 1o order

to facilitate sharig.

VG units 304 provide the processor with macans for attaching o peripheral devices mchuding
Tape, Dise, Printers, Displays, and networks for example. 1O units are often presented to the
computer program by software Drivers. In Mainframes such as the z/Series from [BM,
Chavnel Adapters and Open System Adaplers are VO units of the Maijufrare that provide

the communications betweon the operating system and peripheral devices,

The following deseription from the z/Architecture Principles of Operation describes an

architectural view of a conputer systom:
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STORAGE

A computer system inciudes information in main storage, as well as addressing, protection,
and reference and change recording. Some aspecis of addressing inchude the format of
addresses, the concept of address spaces, the various types of addresses, and the manner in
which one type of address is translated o another type of address. Some of roain storage
fncludes permanently assigned storage locations. Main storage provides the syster with
direetly addressable fast-access storage ot data. Both data and programs must be loaded into

main storage (o nput devices) before they can be processed.

Main storage may wclude one or more smaller, faster-access buffor storvages, sometimes
calicd caches. A cache is typically phvsically associated with a CPL or an VO processer.
The cffects, cxcept on pertormance, of the physical construction and use of distinet storage

media are generally not observable by the program.

Separate caches may be maintaimed for instructions and for data operands. Information
within a cache is maintained in contiguous bytes on an integral boundary called a cache
biock or cache line (or ling, for short). A model may provide an EXTRACT CACHE
ATTRIBUTE instruction which roturns the size of a cache hine i bytes. A model may alse
provide PREFETCH BATA and PREFETCH DATA RELATIVE LONG nstructions which
etfects the prefetching of storage into the data or mstruction cache or the releasing of data

from the cache,

Storage is viewed as a long horizontal string of bits. For rost operations, aC0esses 1o storage
proceed n a lefi-to-right sequence. The string of bits 18 subdivided tnto units of eight bits.
An cight-bit unit is calied a byte, which is the basic building block of all information
formats. Each byte location o storage 1s wentified by a unigne nonnegative integer, which
the address of that byte location or, simply, the byte address. Adjacent byte locations have
consecutive addresses, starting with 0 on the left and proceeding 1 & lefi-to-right sequence.

Addreases are unsigned binary integers and are 24, 31, or 64 bits,

Information s transmitted between storage and a CPU or a channel subsystern one byie, or a

group of bytes, at a time. Unless otherwise specified, s group of bytes in storage is addressed



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048
19

by the lettmest byte of the group. The nurober of bytes n the group 8 either implied o
cxplicitly specified by the operation to be performed. When used m a CPL operation, a
group of bytes is called a field. Within cach group of byles, bils are numbered o a lefi-to-
right sequence. The lefimost bits are sometimes referred to as the “high-order” bits and the
rightmost bits gs the Ylow-order” bits. Bit numbers are not storage addresses, however, Only
bytes can be addressed. To operate on individual bits of a byte in storage, it i3 necessary to
acoess the entire byte. The bits 1o g byte are numbered 0 through 7, from left 1o vight. The
bits i an address may be nombered 8-31 or 40-63 for 24-bit addresses or 1-31 or 33-63 for
31-bit addresses; they are numberad (-63 for 64-bit addresses. Within any other fixed-length
format of multiple bytes, the bits making up the format are conscentively numbered starting
from . For purposes of error detection, and m preferably for correction, one or more check
bits may be transmutted with cach byie or with 4 group of byites. Such check bits are
generated automatically by the machine and cannot be divectly controlled by the program.
Storage capacitios are expressed in number of bytes. When the length ot g storage-operand
ficld 15 implied by the operation code of an instruction, the field i3 said to have a fixed
length, which can be one, two, four, 2ight, or sixteon bytes. Larger ficlds may be implied for
some nstructions. When the length ot a storage-operand field s net implicd but 1s stated
explicitly, the ficld is said to have a variable length. Variable-length operands can vary
length by meroments of one byte, When information 18 placed 1 storage, the contents of
only those byte locations are replaced that are included m the designated field, even though
the width of the physical path o storage may be greater than the length of the field being

atored.

Certainy units of information must be on an integral boundary 1o storage. A boundary is

called integral for a unit of information when #s storage address 15 @ mutltiple of the length of
the unit in bytes. Special varses are given to fields of 2, 4, ¥, and 16 bytes on an integral
boundary. A balfword is a group of two consecutive byies on a two-byte boundary and is the
basic butlding block of mstructions. A word 18 2 group of four consecutive bytes on a four-
byte boundary. A doubleword s a group of cight consecutive bytes on an gight-byie
boundary. A quadword is a group of 16 consecutive bivtes on a 16-byte boundary, When
storage addresaes designate halfwords, words, doublewords, and quadwords, the bimary

representation of the address contains one, twa, three, or four rightranst zere bits,
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respectively. Instruchions minst be on two-byie integral boundaries. The storage operands of

most instructions do not have boundary-alignment requirements.

On models that implement separate caches for instructions and data operands, a significant
delay may be experienced 1t the prograrg stores o a cache line tror which mstructinns are
subsequently fetched, regardiess of whether the store aliers the instructions that are

subscquently fetched.

INSTRUCTIONS

Typically, operation of the CPU is controlled by mstructions in storage that are executed
sequentially, one at a time, leff fo night in an ascending sequence of storage addresses. A
change in the scquential operation may be caused by branching, LOAD PSW, mierraptions,

SIGNAL PROCESSOR orders, or manual infervention,

Preferably an instruction comprises two major paris:
« An operation code {op code), which spocifies the operation 9 be performed

s Uptiovally, the desigoation of the operands that participate.

Instruction formats of the 2/ Architecture are shown n FIGs, SA-3F. An instruchion can
stmply provide an Opcode 581, or an opeode and a variety of fields imclading immediate
operands or register specifiors tor locating operands in registers of in memory. The Opeode
can indicate to the hardware that impled resources {operands efc.} are to be used such as one
or more specific general purpose registors {GPRs). Operands can be grouped in three classes:
operands located 1o registers, immediate operands, and operands in storage. Operands may
be either explicitly or implicitly designated. Register operands can be located in general,
floating- point, access, or control registors, with the type of register wdentitied by the op
code. The register containing the oporand s specified by identifying the rogister i & four-bit
field, called the R field, i the instruction. For some instructions, an operand 1s located inan
maphicitly designated register, the register being implied by the op code. Immediate operands
are contained within the instruction, and the 8-bit, 16-bit, or 32-bit ficld containing the
unmediate operand is called the | field. Operands in storage may have an implied length; be

specificd by a bt mask; be specified by a four-bit or eipht-bit length specification, called the
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L field, i the wstruction; or bave a length specified by the contends of a general vegister,
The addresses of operands in storage are specified by means of a format that uses the
contents of a general register as part of the address. This makes ¢ possible to:

Specify a complete address by using an abbreviated notation

Pertorr address manipulation using mmstractions which employ general registers for
operands

Meadify addresses by program means without sltoration of the instruction stream

Operate independent of the location of data arcas by directly using addresses received from

gthor programs.

The address used to refer o storage ether 18 contained in 8 register designated by the R ficld
m the mstruction or is caleulated from a base address, index, and displacement, specified by
the B, X, and I¥ ficlds, respectively, 1 the instruction. When the CPL is in the access-
register mode, a B or R ficld may designate an access register 1n addition to beng used to
specify an address. To describe the execution of instructions, operands are preferably
designated as first and sccond operands and, in some cascs, third and furth operands. In
general, two operands participate i ap fustraction execution, and the result replaces the first

operand.

Agn instruction is one, two, or three hatfwords in length and most be located in storage on a
halfword boundary, Reterring to FIGs. 5A - S5F depicting mstruction formats, each
instruction s in one of 25 basic formats: B 301, 1502, R1 503 504, RIE S05 551 552 553
554, RIL 506 307, RIS 535, RRE 510, RRE 511, RRF 512 513 514, RRS, R5 516 517, RS
526, REL 521, RSY 522 523, RX 524, RXE 325, RXF 526, RXY 527, 8 534, 81 531, SiL
586, SIY 332, 85 533 534 335 536 537, 88K 541 and 55F 542, with three variations of RRF,
two of R, RIL, RS, and RSY, five of RIE and 85,

5y

i,

The forroat vames indicate, 1o general forms, the classes of operands which participate inthe
operation and some details about flelds:

« RIS denotes g registor-and-inumediate operation and g storage aperation,

» RRS denotes a register-and-register operation and a siorage operation,

= 1L denotes a storage-and-imnmediate operation, with g 16-bit fmroediate fickd,



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048
22

Inthe I, RR, RS, R8I, RX, S, and S5 formats, the first byte of an instruction contains the op
code. Inthe B, RRE, RRF, 5, S1L, and S5E fornats, the first two bytes of an mstruction
countain the op code, except that for soroe instruchions wn the S format, the op code s monly
the first bvie. fn the R and RIL formats, the op code is i the first byte and bit positions 12-
15 of an msiraction. In the RIE, RIS, KRS, RSL, BR8Y, RXE, RXF, BXY, and 51Y fDrats,
the op code s in the first byie and the aixth byte of an instraction. The first two biits of the

first or enly byte of the op code specify the length and format of the mstruction, as ©llows:

in the RE, RRE, BRRF, RRR, RX, RXE, RXF, RXY, RS, RSY, REL, R, RIE, and RIL
formats, the contents of the register designated by the R1, ficld are called the first operand.
‘The register containing the first operand 18 sometimes referred fo as the “fwst operand
location,” and sometirnes as “register R1%. In the RR, RRE, RRF and RRR formats, the B2
field designates the register containing the second operand, and the R2 field may designate
the same register as B 1L In the RRF, RXF, RS, RSY RB51, and RIE formats, the use ot the R3
ficld depends on the mstruction. In the RS and REY formats, the R3 field may instead be an
M3 ficld specifying a mask. The R ficld designates a goneral or access register in the goneral
mstructions, a general register wn the control nstructions, and a floating-point register or a
general register in the fleating-point instructions. For general and control registers, the
register operand is 1o bif positions 32-63 of the 64-bit register or occupics the cotire register,

epending on the instruction,

in the | format, the contents of the cight-bit immediate- data field, the I field ofthe
mstraction, arc directly used as the operand. In the 51 format, the contents of the cight-bit
fmmediate~ data field, the 12 field of the mstruction, are wsed directly as the second operand.
The Bl and D1 ficlds specify the first operand, which is one byte in length. In the 81Y
format, the operation is the saroe except that DHI and DL ficlds are used instead of a D1
ficld, In the R format for the instructions ADD HALFWORD IMMEDIATE, COMPARE
HALFWORD IMMEDIATE, LOAD HALFWORD IMMEDIATE, and MULTIPLY
HALFWORD IMMEDIATE, the contents of the 16-bit 12 field of the instruction are used
direetly as a signed binary mteger, and the R1 ficld specifies the first operand, which 15 32 or

64 bits i length, depending on the instruction. For the mstruction TEST UNDER MASK
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TMHH, TMHEL, TMLH, TMLL), the contents of the 12 ficld arc used as a mask, and the R1
{

figld specifics the first operand, which is 64 bits in length.

For the fnstructions INSERT IMMEDIATE, AND IMMEDIATE, OR IMMEDIATE, and
LOAD LOGICAL IMMEIMATE, the contents of the 12 ficld are used as an unsigned binary
futeger or a Jogical valoe, and the R1 ficld specifies the first operand, which is 64 bits in
tength. For the relative-branch instructions 1o the RY and RSY formats, the contents of the 18-
bt 12 field are used as a signed binary iteger designating a yamber of halfwords, This
number, when added to the address of the branch instruction, specifies the branch address.
For rclative-branch instructions in the RIL format, the 12 field 18 32 bite and is used o the

5aI0C Way.

For the relative-branch instructions in the Rl and RSI formats, the contents of the 16-bit 12
ficld are used as a signed binary mteger designating g nurnber of haltwords. This number,
when added to the address of the branch mstruction, specifies the branch address. For
relative-branch mstructions m the RIL format, the 12 ficld 18 32 bits and 15 used in the same
way. For the RIE-format mstroctions COMPARE IMMEDIATE AND BRANCH
RELATIVE and COMPARE LOGICAL IMMEDIATE AND BRANCH RELATIVE, the
contents of the 8-bit 12 field s used directly as the second operand. For the RIE-format
fnstractions COMPARE IMMEDIATE AND BRANCH, COMPARE IMMEDIATE AND
TRAP, COMPARE LOGICAL IMMEDIATE AND BRANCH, and COMPARE LOGICAL
IMMEHATE AND TRAP, the contents of the 16- bt 12 field are wsed directly as the second
operand. For the RIE-format mstractions COMPARE AND BRANCH RELATIVE,
COMPARE IMMEDIATE AND BRAMCH RELATIVE, COMPARE LOGICAL AND
BRAMCH RELATIVE, and COMPARE LOGICAL IMMEDIATE AKD BRANCH
RELATIVE, the contents of the 16-bit 14 ficld are used a3 a sigued binary inieger
designating a mumber of halfwords that are added to the address of the instruction to form

the branch address,

For the RIL-format instructions ADD IMMEDIATE, ADD LOGICAL IMMEDIATE, ADD
LOGICAL WITH SIGNED IMMEDIATE, COMPARE IMMEDIATE, COMPARE
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LOGICAL IMMEDIATE, LOAD IMMEDIATE, and MULTIPLY SINGLE IMMEDIATE,

the contents of the 32-bi {2 field are used divectly as a the second operand.
; f

For the RIS-format mstractions, the contents of the R- bit 12 field are used directly as the
second operand. In the STL format, the contents of the 16-bit 12 ficld arc used divectly as the

second operand. The BY and D1 ficlds specify the first operand, as desceribed below.

in the RSL, SI, SHL, S5E, and most S5 formats, the contents of the general register
designated by the Bl ficld are added to the contents of the D field to form the first-operand
address. In the RS, RRY, 5§, 5IY, 58, and SKE formats, the contents of the general register
designated by the B2 ficld are added o the contents of the D2 ficld or DH2 and BLZ ficlds
to form the second-operand address. In the RX, RXE, RXF, and RXY formats, the contonts
ot the general registers designated by the X2 and BZ ficlds are added to the contents of the
032 field or DH2 and DL2 fields to torm the second-operand address. In the RIS and RRS
formats, and in one 85 format, the contents of the geveral register designated by the B4 ficld

are added to the contents of the D4 field o form the fourth-operand address.

In the 85 format with a single, cight-bit length field, for the instructions AN (N,
EXCLUSIVE OR (XO), MOVE (MVC), MOVE NUMERICS, MOVE ZONES, and OR.
{(3Cy, Loapecifics the number of additional operand bytes to the right of the byte designated
by the first-operand address. Therefore, the length in bytes of the first operand 18 1-256,
corresponding o a length code in L of 8-253. Storage results replace the first operand and
are never stored outside the field specified by the address and length. In this Orroat, the
second operand has the same length as the first operand. There are variations of the
preceding definition that apply to EDIT, EDIT AND MARK, PACK ASCH, PACK
UMICODE, TRANSLATE, TRANSLATE AND TEST, UNPACE ASCIE and UNPACK
UNICODE.

I the 88 format with two length fields, and m the RSL format, LI specifies the sumber of
additional operand bytes 1o the right of the byte designated by the fivst-operand address.
Therefore, the tength in byvtes of the first operand is 1-18, corresponding to a fength code in

L1 of 0-15. Sumilarly, L2 specifies the nuraber of additionsl operand bytes to the right of the
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focation designated by the second-operand address Results replace the first operand and are
never stored cutside the field specified by the address and longth. Hthe first operand 18
tonger than the second, the second operand is oxtended on the lofl with zeros up to the length
of the first operand. This extension does not modify the second operand i storage. In the 88
format with two R fields, as used by the MOVE TO PRIMARY, MOVE TO S3ECONDARY,
and MOVE WITH KEY instructions, the contents of the general register specified by the R
tield arc a 32-bit unsigned value called the true length, The operands are both of & length
called the effective length, The effcctive loogth 18 equal o the true loogth or 236, whichever
is iess. The mstructions set the condition code o factittate programming a loop fo move the
total vurnber of bytes specitied by the true length. The SE format with two R fields 18 also
used to specify a range of rogistors and two storage operands for the LOAD MULTIPLE
DISIOINT mstruction and to specify one or two registers and one or two storage operands

for the PERFORM LOCKED OPERATION mstruction.

A zero inany of the B, B2, X2, or B4 fields indicates the absence of the corresponding
address component. For the absent component, a zero is used informing the intermediate
aum, regardioss of the contents of general register (. A displacement of zoro has no special

significance.

Bits 31 and 32 of the current PSW are the addressing- mode bits. Bit 31 is the extended-
addressing mode bit, and bit 32 18 the basic-addressing-mode bit. These bits control the stze
of the effective address produced by address generation. When bits 31 and 32 of the current
PSW both are zeros, the CPU 18 in the 24-bit addressing roode, and 24-bit justruction and
operand effective addresses are generated. When bit 31 of the current PSW is zero and bit 32
18 one, the CPU is i the 31-bit addressing mode, and 31-bit mstruction and operand
ctfective addresses are gencrated. When bits 31 and 37 of the carrent PSW are both one, the
CPU s in the 64-bit addressing mode, and 64-bit instruction and eperand effective addresses
are generated. Excention of mstructions by the CPU involves goneration of the addresses of

fustructions and operands.

When an instruction is fetched from the location designated by the current PSW, the

mstruction address 18 increased by the nursber of byies n the wstruction, and the mstruction
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i3 exccuted. The sare steps are then repested by using the new value of the mstruction
address to fotch the next instruction in the sequence, In the 24-bit addressing mode,
instruction addresses wrap around, with the halfword at fustruction address 277 - 2 being
followed by the halfword at instruction address 8. Thus, in the 24-bit addressing mode, any
carry out of PSW bit position 104, as g result of updating the instruction address, 18 lost. In
the 31-bit or 64-bit addressing mode, instruction addresses similarly wrap around, with the

v 64
~20r2

halfword at imstruction addross 27 - 2, respectively, tollowed by the halfword at

wstruction address 8. A carry oul of PEW bit position 97 or 64, respectively, is lost,

Ayp operand address that refors 1o storage 18 denved from an infermediate value, which either
15 contained in a4 register designated by an R ficld m the instruction or is caleulated fron the
sum of three bingry rumbers: base address, index, and displacement. The base address (B s
a 64-bit number contained in a geveral register specified by the program in a four bt field,
called the B field, i the mstruction. Base addresses can be used a5 @ means of independently
addressing each program and data area. n array type caloudations, o can designate the
location of apy array, and, I record-type processing, it can identify the record. The base
address provides for addressing the entire storage. The base address may also be used for

indexing.

The index (X} 15 a 64-1nt nuraber contained in a general register designated by the program
n a tour-bit fickd, caled the X field, in the mnstruction. It 18 included only i the address
apecified by the RX-, RXE-, and RXY-format instructions, The RX-, RXE-, RXF-, and
ROCY -format instructions pormit double indexing; that is, the index can be used to provide

the address of an clement within an array.

The displacoment (3} 1s g 12-bit or 20-bit nunber contained 1o a hield, called the D ficld,
the instruction. A 12-bit displacement is unsigned and provides for relative addressing of up
10 4,095 bytes beyond the location designated by the base address. & 20-bit displacement i<
signed and provides for relative addressing of up to 524,2K7 bytea bevond the base address
location or ot up to 524,288 bytes betore . In array-type calculations, the displacement can
be used to apecify one of many itoms associated with an element. In the processing of

records, the displacement can be used to wlentify teros within a record, A 12-bit
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displacement 1s n bit positions 20-31 of fustroctioos of certamn formats. o mstractions of

some frmats, a second 12-bit displacement alse 15 i the instruction, in bit positions 36-47.

A 20-bit displacement is in instructions of only the RSY, RXY, or 8IY format. In these
mstructions, the B field consists of a DL {Jow) ficld in bit posttions 20-31 and of a DH
{high) field 1u bit positions 32-39. When the long-displacement facility is installed, the
nurneric value of the displacement is formed by appending the contents of the DH ficld on
the lefl of the contents of the DL ficld., When the long-displacersent facility is not instalied,
the numeric value of the displacement is formed by appending cight rero bits on the left of

the contends of the DL field, and the contents of the DH field are ignored.

In frraing the interroodiate surn, the base address and index are freated as 64-bit binary
mtegers. A 12-bif displacement is treated as a 12-bit uosigned binary integer, and 52 zero
bits are appended on the left. A 20-bit dispiacernent 18 treated as a 20-bat signed binary
futeger, and 44 bits equal to the sign bit are appended on the efl. The three are added as 64-
bit binary numbers, ignoring overflow. The sum 18 abways 64 bits long and is used as an
witermediate value to form the generated address. The bits of the interroediate value are
numbered §-63. A zore m any ofthe B, B2, X2, or B4 ficlds indicates the absence of the
corresponding address component. For the absent compoucnt, a zero is used 1o forming the
fntermediate sumy, regardless of the contents of general register 8. A displacement of zevo has

no special sigoificance.

When an mstruction description specifios that the conterts of 3 general register designated
by an R ficld are used to address an operand in storage, the register contents are used as the

64-bit intermediate value.

An instruction can designate the same goneral rogister both for address computation and as
the location of an operand. Address compuiation is comploted betore registers, i any, are
changed by the operation. Unless otherwise indicated in an individual instruction definition,

the generated operand address desigrates the leftroost byte of an operand in storage.
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The generated oporand address s always 64 bits long, and the bits are numbered 4-63. The
manner in which the penerated address is obtained from the intermediate value depends on
the current addressing mode. In the 24-bit addressing mode, bits §-39 of the wtermediate
value are ignored, bits -39 of the geverated address are forced to be zevos, and bits 43-63 of
the intermediate value become bits 40-63 of the generated address. In the 3 1-bit addressing
mode, bita (-32 of the intermediate value are ignored, bits (-32 of the generated address are
forced to be zero, and bits 33-63 of the intermediate value become bits 33-63 of the
generated address. In the 64-bit addressing mode, bits 0-63 of the intermediate value become
bits 0-03 of the generated address. Negative values may be used in index and basc-address
registers, Bils §-32 of these values are ignored n the 31-b addressing mode, and bils (-39

are ignored in the 24-bit addressing mode,

For branch instructions, the address of the next instruction to be executed when the branch is
taken is called the branch address. Diepending on the branch mstruction, the mstruction
format may be RR, RRE, RX, RXY, RS, REY, RSL R, RIE, or RIL. In the RS, RSY, RX,
and RXY formats, the branch address ts specified by a base address, a displacement, and, in
the RX and RXY forruals, an index. In these formats, the generation of the iermediate
value follows the same rules as for the gencration of the operand-address intermediate vahie.
In the RR and RRE formats, the contents of the general register designated by the R2 ficld
are used as the intermediate value from which the branch address s formed. General register
§ cannet be designated as contaming a branch address. A value of zero in the B2 field causes

the instruction to be executed without branching,

The relative-branch instructions are in the RSE Ri, RIE, and RIL formats. In the RS R,
and RIE formats for the relative-branch instructions, the contonts of the 12 ficld are treated as
a 1o-bit signed binary integer designating 4 nurober of halbfwords, In the RIL format, the
contents of the 12 field are troated as a 32-bit signed binary integer designating & number of
halfwords, The branch address s the namber of batfwords designated by the 12 field added

to ihe address of the relative-branch instruction.

The A4-bit infermediate value for a relative branch Insiruciion i the RS RE RIE, or RIL

format 15 the suro of two addends, with overtiow frora it position § igoored. Inthe R5L R,
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or RIE forroat, the first addend 1s the coutents of the 12 ficld with oue zero bt appended on
the right and 47 bits cqual to the sign bit of the contents appended on the loff, except that for
COMPARE AND BRANCH RELATIVE, COMPARE IMMEDIATE AND BRANCH
RELATIVE, COMPARE LOGICAL AND BRANCH RELATIVE and COMPARE
LOGICAL IMMEDIATE AND BRANCH RELATIVE, the first addend 15 the contengs of
the 14 field, with bits appended as described above for the 12 field. un the RIL format, the
first addend 18 the contents of the 12 ficld with one zero bt appended on the right and 31 bitg
cual to the sign bit of the contents appended oo the left, In all forwats, the second addend 8
the 64-bit address of the branch mstruction. The address of the branch mstruction i3 the
fustroction address w the PSW betore that address s updated to address the next sequential
mstruction, or it is the address of the target of the EXECUTE instruction if EXECUTE is
used. WEXECUTE s used m the 24-bit or 3 1-bit addressing maode, the address of the branch

mstriction i the target address with 40 or 33 zeros, respectively, appended on the el

The branch address is always 64 bits long, with the bits numbered (-63. The branch address
replaces bits 64-127 of the current PSW. The manner in which the branch address is
obtained from the termediate value depends on the addressing yoode. For those branch
instructions which change the addressing mode, the new addressing mode is used. In the 24-
bit addressing mode, bits 0-39 of the itermediate value are ignored, bits §-39 ofthe branch
address are made zeres, and bits 40-63 of the intermediate value become bits 43-03 of the
branch address. In the 31-bit addressing roode, bits §-32 of the mtermodiate value are
ignored, bits §-32 of the twanch address are made zeros, and bits 33-63 of the mtermediate
value become bits 33-63 of the branch address. In the 64-bit addressing mode, bits 4-63 of

the intermediate value become bita §-63 of the branch addresas.

For several branch nstructions, branching depends on satistying a specified coudition. When
the condition 18 not satisfied, the branch is not taken, normal sequential instruction execution
continucs, and the branch address 1s not used. When a branch is taken, s 8-63 of the
branch address replace bits 64-127 of the current PSW. The branch address is not used to
acoess storage as part of the branch operation. A specification excoption due to an odd

branch address and access exceptions due to fetching of the justruction at the branch location
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are not recognized as part of the branch operation but instead are recogumzed as exeeptions

associated with the execution of the mstruction at the branch location,

A branch instruction, such as BRANCUH AND SAVE, can designate the same general
register ot branch address computation and as the location of an operand. Branch-address
computation is completed before the reruainder of the operation s performed.

The program-status word (PSW), described 1o Chapter 4 “Coutrol” covtains imformation
required for proper program exccution. The PEW is used to contro! instruction sequencing
and to hold and indicate the status of the CPU inrelation o the program curveotly being
executed. The active or controlling PSW 18 called the current PSW. Branch instructions
pertorm the functions of decision making, loop control, and subrontine linkage. A branch
mstruction affocts mstruction sequencing by infroduciog a new mstnuction address into the
current PSW. The relative-branch mstructions with a 16-bit 12 ficld allow branching to a
location at an offsct of up to phis 64K ~ 2 bytes or minus 641K bytes relative to the location of
the branch instruction, without the use of a base register. The relative-branch instructions
with a 32-bit 12 ficld allow branching to a location at an offset of up 1o plus 4G - 2 bytes or
miinus 40 bytes relative to the location of the branch instruction, without the use of a base

register.

Faciltties for decision making are provided by the BRANCH ON CONDITION, BRANCH
RELATIVE ON CONDITION, and BRANCH RELATIVE ON CONDITION LONG
mstractions. These mstructions mspect a condition code that reflects the result of ¢ majority
of the arithmetic, logical, and I/0 operations. The condition code, which consists of two bits,

provides for four possible conditton-code settings: &, 1, 2, and 3.

The specific meaning of any sctting depends on the operation that sets the condition code.
For crample, the condition code reflects such conditions as zero, vonzero, first operand high,
equal, overflow, and subchannel busy. Once sat, the condition code remains ynchanged until

moditied by an mstruction that causes & different condition code to be set.
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Loop control can be performed by the use of BRANCH ON CONDITION, BRANCH
RELATIVE ON CONDITION, and BRANCH RELATIVE ON CONDITION LONG to tost
the outcorne of address arithmetic and counting operations. For somae particolarly frequent
combinations of artthmetic and teats, BRANCH ON COUNT, BRANCH ON INDEX HIGH,
and BRANCH ON INDEX LOW OR EQUAL are provided, and relstive-branch equivaieonts
of these instructions are also provided. These branches, being specialized, provide increased

pertormance for these tasks,

Subroutine linkage when a change of the addressing mode 15 not required is provided by the
BRANCH AND LINK and BRANCH AND SAVE mstructions, {This discussion of
BRANCH AND SAVE applics also to BRANCH RELATIVE AND SAVE and BRANCH
RELATIVE AND SAVE LONG.) Both of these mstructions perroit not only the introduction
of a pew nstruction address but also the preservation of a return address and associated
mforntation. The return address 18 the address of the mstruction fllowing the branch
fustruction in storage, except that it is the address of the mstraction following an EXECUTE

mstruction that has the branch mstruction as is target.

Both BRANCH AND LINK and BRANCH AND SAVE have an R1 ficld. They form a
branch address by rocans of ficlds that depend on the mstruction. The operations of the
fustructions are summarized as follows:

= In the 24-bit addressing mode, both mstructions place the return address in bit positions 40-
63 of general register B1 and leave bits §-31 of that register unchanged. BRANCH AND
LINK places the mstruction-length code for the nstruction and also the condition code and
program mask from the current PSW in bt positions 32-39 of general register R1 BRANCH
AND SAVE places reros n those bit positions.

s In the 31-bit addressing mode, both instructions place the retorn address in bit positions 33-
63 and a one in bit position 32 of general register R, and they leave bis (-31 of the register
anchanged.

« In the 64-bit addressing mode, both instructions place the return address in bit positions @~
63 of general register R1L

» {n any addressing mode, both mstructions generate the branch address under the control of

the current addressing roode, The instructions place bits $-63 ot the branch address m bit
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pogsitions 64-127 of the PEW. Tn the RRE forveat, both instructions do not perform branching

1fthe B2 field of the instruction is zero.

it can be scen that, in the 24-bit or 31-bit addressing mode, BRANCH AND SAVE places
the basie addressing- mode bit, bit 32 ot the POW, m bit position 32 of general register R1
BRAMCH AND LINK does so i the 31-bit addressing wode. The mmstructions BRANCH
AND SAVE AND SET MODE and BRANCH AND SET MODE are tor use when g change
of the addressing mode s requived during linkage. These instructions have R1 and R2 ficlds,
The operations of the instructions are summarized as foliows:

« BRANCH AND SAVE AND SET MODE scis the contents of general register R the same
as BRANCH AND SAVE. In addition, the instruction places the extended-addressing-mode
bit, bit 31 of the PSW, in bit position 63 of the rogister.

» BRANCH AND SET MODE, if R s nonzero, performs as follows, In the 24- or 31-bit
moede, # places bit 32 of the PSW m bit position 32 of general register B, and it legves bits
(-31 and 33-63 of the register unchanged. Note that bit 63 of the register should be zero if
the register contains an instruction address. In the 64-bit mode, the mstruction places bit 31
of the PSW {a oo} in bt posttion 63 of general vegister R1, and it leaves bits 8-02 of the
register unchanged.

« When R2 is nonzero, both instructions set the addressing roode and porform branching as
follows. Bit 63 of general register R2 is placed in bit position 31 of the PSW. Hbit 63 i3
zero, bt 32 of the rogister i€ placed in bit position 32 of the PISW. Ihit 63 is one, PSW bt
32 is set to one. Then the branch address 1 generated from the contents of the register,
except with bit 63 of the register treated as a zorn, under the control of the new addressing
moede. The instructions place bits (-63 of the branch address in bit positions 64-127 of the
PSW. Bit 63 of general registor B2 romains unchanged and, therefore, may be one upon
entry to the called program. HWR2 is the same as R1, the vesults wn the designated general

register are asg specified for the R rogister.

INTERRUPTIONS (CONTEXT SWITCH)
The moterruption mechanism permits the CPU to change its state as g result of conditions
external to the configuration, within the configuration, or within the CPU #self To pormit

fast response to conditions of high prioriiy and timumediate recognttion of the type of



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048
33

condition, joterruption conditions are grouped 1nfo 31x classes: external, mput/output,

machine check, program, restart, and supervisor call.

Anvinterruption consisis in storing the current PSW as an old PSW, storing mformation
identifying the cause of the mterraption, and fotching a new PSW. Processing resumes as
specified by the now PSW. The old PSW stored on an interruption sormally coutains the
address of the mstruction that would have been executed next had the mterruption not
occurred, thus permitting resumption of the interrapted program. For program and
supervisor-call interruptions, the information stored alse contains a code that identifies the
length of the last-excouted nstruction, thus permitting the program 1o respond to the cause of
the miermption. In the case of seme program conditions for which the normal response 1s re-
cxecution of the mstruction causing the mierruption, the instruction address directly

identifies the mstruction last executed.

Except for restart, an interruption can occur only when the CPU s m the operating state, The

cstart interruption can occur with the CPLU in either the stopped or operating state.

Any access exception I8 recognized as part of the execttion of the instraction with which the
excoption 18 associated. An acoess exception 18 not recognized when the CPU attempis to
prefetch from an unavailable location or detects some other access-exception condition, but a
branch instruction or an mierruption changes the mstruction sequence such that the
mstruction is not executed. Every fnstruction can ¢ause an 8¢cess exception to be recognived
because of mstruction fetch, Additionally, access exceptions associatod with mstruction
execution may occur becanse of an access to an operand in storage. Ap access exception dus
to fetching an instruction 13 mdicated when the first instruction halfword cannot be fetched
without encountering the exception. When the first halfword of the mstruction has no access
exceptions, access exceptions may be indicated for additional halfwords accordmg to the
fustroction length specified by the first two bigs of the mstruction; however, when the
operation can be performed without accessing the second or third halfivords of the
mstruction, i s unpredictable whether the access exception 1s mdicated for the voused part.
Since the indication of access exceptions for instruction fetch is commuon to all instructions,

it 15 net covered in the mndividual instruction definitions.
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Exeept whore otherwise indicated in the individual instruction description, the following
rules apply for exceptions associated with an access to an operand location. For a fotch-type

operand, access exeeptions are necessarily mdicated only for that portion of the operand
which is required for completing the opciatmn  is unpredictable whether access exceptions
are indicated for those portions of g fetch-type operand which are not required for

completing the operation,

For a store-type operand, sccess exeeptions are recognized for the entire operand even if the
operation conid be completed without the use of the inaccessible part of the operand. In
sttuations where the valoe of a store-type operand is defined o be unpredictable, it 3
unpredictable whether an access exception is indicated. Whenever an access to an operand
location can Cause an aceess exceeption to be recognized, the word “access” 1s mchuded m the
fist of program exceptions in the description of the instruction. This entry alse ndicates
which operand can cause the exception to be recogrized and whether the oxception &
recognized on a fotch or store access to that operand location. Access exceptions are

ccognized only for the portion of the operand as defined for cach particular instruction,

An pperation exception is recognired when the CPLU attemipis to exccute an instruction with
an mvalid operation code, The operation code may be unassigned, or the jnstruction with
that operation code may not be installed on the CPUL The operation 18 suppressed. The
mstruction-length code s 1, 2, or 3. The operation cxception s indicated by a program

mterraption code of 00T hex {or 8081 bex if a concurrent PER ovent 15 indieated).

Some models may offer instructions not described in this publication, such as those provided
1 assists or as part of special or custom features, Conseguently, operation codes not
described inthis publication do vot necessarily cause an operation exeeption o be
recognized. Furthormore, these instructions may cause modes of operation 0 be set up or
may otherwise alter the machine so as to affect the execution of subsequent mstructions. To
avoid cansing such an operation, an instruction with an operation code not described in this
publication should be exccuted only when the specific function associated with the operation

code ia desired,
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A specification oxception s recognized wheo any of the following s true:

. A one s infroduced into an unassigned bit position of the PSW {that iy, any of bit
positions §, 2-4, 24-38, or 33-63). This ts handled as an carly PSW specification exceplion.
2. A one s introduced into bit posttion 12 of the PSW. This is handled as an early PSW
specification cxeoption.

3. The PSW is invalid i any of the following ways: a. Bit 31 of the PSW is one and bit 32 4s
zero, b, Bits 31 and 32 of the PSW are zevo, mdicating the 24-bit addressing mnde, and bits
64-103 of the PSW are pot all zeros, ¢ Bit 31 of the PSW 3 zoro and bit 32 is one,
indicating the 31-bit addressing mode, and bits 64-96 of the PSW arc not all zeros. This 13
handled as an carly PSW specification exception

4, The PSW contains an odd instruction address.

5. An operand address does not designate an integral boundary inan justroction reguiring
such integral-boundary designation.

& An odd-numbered general register 18 designated by an R ficld of an mstruction that
requires an even-numbered register designation.

7. A floating-point register gther than 6, 1,4, 5, 8,9, 12, or 13 is designated for an extendad
operand.

8. The multiplier or divisor in decimal artthmetic exceeds 15 digits and sign.

9. The fength of the first-operand field i less than or cqual o the loogth of the second-
operand field in decimal multiplication or division,

10, Exccution of CIPHER MESSAGE, CIPHER MESSAGE WITH CHAINING,
COMPUTE INTERMEDIATE MESSAGE BIGEST, COMPUTE LANT MESSAQGE
DIGEST, or COMPUTE MESSAGE AUTHENTICATION CODE s attempted, and the
function code in bits 57-03 of general register O contain an unassigned or uninstalled
function code.

i1 Execution of CIPHER MESSAGE or CIPHER MESSAGE WITH CHAINING is
atteripted, and the R1 or R2 field designates an odd-numbered register or general register .
12, Execution of CIPHER MESSAQGE, CIPHER MESSAGE WITH CHAINING,
COMPUTE INTERMEDIATE MESSAGE BIGEST or COMPUTE MESSAGE
AUTHENTICATION CODE s atteropted, and the sccond operand length 18 not a roultiple
of the data block size of the designated function. This specification-cxception condition does

not apply to the query functions,
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13, Execution of COMPARE AND FORM CODEWORID is atteropted, and general vogisters
1,2, and 3 do not initially contain cven values.

32, Execution of COMPARE AND SWAP AND STORE is atteropted and any of the
folowing conditions exist:

= The function code specifios an unassigned value,

« The store characteristic apecifies an unassigned value,

= The function code 15 0, and the first operand 18 not designated on a word boundary.

» The tunction code is 1, and the first operand is not designated on a doubleword boundary,

» The second operand 18 not designated on an integral boundary corresponding to the size of
the store value,

33. Execution of COMPARE LOGICAL LONG UNICORE or MOVE LONG UNICODE s
atterapted, and the contents of either general register R1+ 1 or R3 + 1 do not speeity an cven
merber of bytes,

34, Exceution of COMPARE LOGICAL STRING, MOVE STRING or SEARCH STRING
ia atternpted, and bits 32-53 of gevneral register § are not all zeros.

33, Exccution of COMPRESSION CALL i3 attempted, and bits 48-51 of goneral register O
bave any of the values 0000 and 0110-1111 binary.

36. Execution of COMPUTE INTERMEDIATE MESSAGE DIGEST, COMPUTE LAST
MESSAGE DIGERT, or COMPUTE MESSAGE AUTHENTICATION CODE s attompted,
and either of the following is true:

« The B2 field designates an odd-numbered rogister or general register

» Bit 36 of general register § 15 not zero,

37. Exceution of CONVERT HFP TO BFP, CONVERT TG FIXED (BFP or HFP), or
LOAD FP INTEGER (BFP) s attempted, and the M3 ficld does not designate a valid
modifier.

38, Execution of DIVIDE TO INTEGER is atterpted, and the M4 field docs not designate a
valid modifier.

39, Execution of EXECUTE is atternpted, and the target address s odd,

40, BExecution of EXTRACT STACKED STATE is atteripied, and the code i bit positions
56-63 of general register B2 18 greater than 4 when the ASN-and-L X -reuse facility 18 not

installed or is greater than S when the facility is installed.
E s
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41, Execution of FIND LEFTMOST ONE s attempled, and the R1 field designates an
cddmumbered register.

42, Execution of INVALIDATE DAT TABLE ENTRY 18 atteropted, and bite 44-51 of
general register R2 are not all zeros.

43, Exccution of LOAD FPC is attempted, and one or more bits of the second operand
corresponding to unsupported bits in the FPC register are one.

44, Exccution of LOAD PAGE-TABLE-ENTRY ADDRESS 15 gttempted and the M4 ficld
of the mstruction cortamns any value other than $000-0104 binary,

45 Execution of LOAD PSW 15 attempted and bit 12 of the doubleword at the second-
operand address is zoro, It s voodel dependent whether or vot this oxception s recogntzed.
46, Exccution of MONITOR CALL is attempied, and bit posttions 8-11 of the mstruction do
not Contain Zeros.

47, Execution of MOVE PAQE s attempted, and bt positions 48-31 of general register 6 do
not contain zerns or bits 52 and 53 of the register are both one.

4%, BExecution of PACUK ASCH is attempted, and the L2 ficld is greater than 31,

49 Execution of PACK UNICODE s attempted, and the 1.2 field is greater than 63 or i
SVER.

50, Execution of PERFORM FLOATING POINT OPERATION 15 attempted, bit 32 of
general register § 18 zoro, and one or roore folds in bits 33- 63 are invalid or designate an
uninstalied function.

51. Exccution of PERFORM LOCKED OPERATION 15 attermpted, and any of the following
is troe:

= The T b, bit 55 of gencral register § 18 zero, and the function eode i bits 56-63 ot the
register is mvalid.

« Bits 32-54 of general register § are not all zoros,

s In the access-regisier wmode, o function codes that cause nse of a paramcier list containing
an ALET, the B3 field 18 zaro.

52. Execution of PERFORM TIMING FACILITY FUNUCTION is aticropted, and either of
the following s true:

« Bit 56 of general register § s not zero.

» Bits 57-03 of general vegister 0 specity an unassigned or uninstalied function code.



10

15

20

25

30

WO 2011/160726 PCT/EP2010/067048
38

53, Excoution of PROGRAM TRANSFER or PROGRAM TRANSFER WITH INSTANCE
18 attempted, and alt ofthe Howing are true

» The extended-addressing-mode bt 1 the PSW s zero,

» The basic~-addressing~-mode bit, bit 32, in the general register designated by the R2 ficld of
the instruction 18 zero.

« Bite 33-39 of the instruction address in the same register are not all zeros.

54. Exccution of RESUME PROGRAM is atteropted, and either of the following 18 true:

s Bits 31, 32, and 64-127 of the PSW ficld in the second operand are not valid for placement
in the current PSW. The exception is recognized if any of the following 1s true:

— Bits 31 and 32 are both zero and bits 64-103 are not all zeros,

- $its 31 and 32 are zewo and one, respectively, and bits 64-96 are net all zeros.

— Bits 31 and 32 are one and zeoro, respectively.

- Bit 127 is one,

= Bits §-12 of the parameter hst are not all zerps.

55. Execution of SEARCH STRING UNICODE is attempted. and bits 32-47 of general
register  are not all zeros.

56. Execution of SET ADDRESS SPACE CONTROL or SET ADDRESS SPACE
CONTROL FAST is attemnpted, and bits 52 and 53 of the second-operand addross are not
bath zoros.

57. Execution of SE'T ADDRESSING MODE (SAMZ4) is attempted, and bits 0-39 ofthe
ur-updated instruction address o the PSW, bits 64-103 of the PSW, are not all zorns.

S8, Execution of SE'T ADDRESSING MOBDE (8AM31) is attempted, and bits (-32 of the
un-updated mstruction address in the PSW, bits 64-96 of the PSW, are not all zeros.

59, BExecution of SET CLOCK PROGRAMMABLE FIELD s attermpted, and bita 32-47 of
general register § are not all zeros.

64, Execution of SET FPC 18 atteropted, and one or more bits of the first operand
corresponding to unsupported bits in the FPC registor are one.

61, Execution of STORE SYSTEM INFORMATION is attempted, the function code
general register € is valid, and either of the folowing 1 true:

« Bits 36-35 of general vegister § and bits 32- 47 of general register 1 are not all zeros.

» The second-operand address is not aligned on a 4K-byte boundary,
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62, Execution of TRANSLATE TWO TO ONE or TRANSLATETWO TO TWO

atternpted, and the length in general register By . does pot specify an even number of bytes.
63. Execution of UNPACK ASCH s attempted, and the LT field s greater than 31

64, Execution of UNPACK UNICODE s attempted, and the L1 ficld s greater than 63 or ia
CVETL.

65, Execution of UPDATE TREE s attempted, and the initial contents of general registers 4
and 5 are not a mwltiple of 8 m the 24-bit or 31-bit addressing maode or are not a mubiiple of
16 n the 64-bit addressing voode. The execution of the justruction identified by the old PSW
is suppressed. However, for carly PSW specification exceptions {causes 1-3) the operation
that introduces the new PSW is complcied, bat an interruption occurs immediately
thersafter, Preferably, the instruction-length code (ALCY s 1, 2, or 3, mdicating the length of
the instruction causing the exception. When the instruction address 18 odd (cause 4 on page
6-33}, it is unpredictable whether the 1L.O 18 1, 2, or 3. When the exception is recognized
bocause of an carly PSW specification exception {causes 1-3) and the exception has heen
fntroduced by LOAD PSW, LOAD PSW EXTENDED, PROGRAM RETURN, or an
mterruption, the ILC is . When the exception is introduced by SET ADDRESSING MODE
{(SAM24, SAM3T), the IO 18 1, or it i3 21 SET ADDRESSING MODE was the target of
EXECUTE. When the exception is introduced by 8ET SYSTEM MASK or by STORE
THEN OR SYSTEM MASK, the LU 1 2.

Program mierraptions are used to report exeeptinns and ovents which occur during excoution
of the program. A program interraption causes the old PEW to be stored at real locations
336-351 and 4 new PIW to be foiched from real locations 464-479. The cause of the
futerruption 13 identified by the interruption code. The interruption code is placed at real
locations 142-143, the instruction-length code is placed in bit positions 5 and 6 of the byte at
real focation 141 with the rest of the bs set to zeves, and zeros are stored af real location
148. For some causcs, additional mformation identifving the reasen for the mterruption 18
stored at real locations 144-183. [f the PER-3 facility 8 installed, then, as part of the
program inferruption action, the contents of the breaking-event-address vegister are placed in
cal storage locations 272-279. Except for PER events and the crypto-operation oxeeption,
the condition causing the interruption is indicated by a coded value placed w the rightimost

seven bit positions of the mterruption code. Only one condition at g tiroc can be mdicsted,
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Bits §-7 of the miterraption code are sot to 2evos. PER ovents are indicated by setting bit 8 of
the nterruption code to one. When this i3 the only condition, bits (-7 and 9-15 are also set to
zeros, When a PER event is indicated concurrently with another program interruption
condition, bit 8 is one, and bits 8-7 and 9-15 are set as for the other condition. The crypto-
opeoration exception 18 indicated by an merruption code of G119 hex, or 8199 hex ifa PER

event 15 also indicated.

When there is a corresponding mask bit, a prograv intorruption can ocour only when that
miask bit is one. The program mask m the PSW controls four of the exceptions, the [EEE
masks in the FPC register corgrol the TEEE exceptions, bt 33 in control vegister O controls
whether SET SYSTEM MASK causcs a special- operation exception, bits 48-63 in control
cgister 8 control nterruptions due to monitor events, and 3 hicrarchy of roasks control
wterraptions due to PER events, When any controlling mask bit is zero, the condition iy

ignored; the condition does not remain pending.

When the new PSW for a program interruption has a PSW-format error or causcs an
exception o be recognized i the process of instraction fetching, a string of program

terruptions may oocur.

Some of the conditions indicated as program exceptions may be recognized alse by the
channel subsystern, 1o which case the exception s indicated m the subchanoel-status word or

extended-status word,

When a data exceplion ¢auses a program interraption, a data~-exception code {B3XO} is stored
at pcation 147, and zoros are stored at locations 144-146. The DX distinguushes between
the various types of data-cxception conditions, Wheo the AFP-register (additional floating-
point register control bit, bit 45 of control register §, 15 one, the DXC is also placed in the
DX ficld of the floating-pomi-control {tFPC) register. The BXC field in the FPC register
remains unchanged when any other prograny exception is reported. The BXC is an 8-bit code

ndicating the specific cause of a data exception.
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BXC 2 and 3 are mutually oxclasive and are of higher priority than any other BXC. Thus,
for example, DX 2 (BFP instruction) takes procedence over any IEEE exception: and DXO
3 {DFP mstruction) takes precedence over any IREE exception or simulated IEEE exception.
As another example, i the conditions for both DO 3 (DFP instruction) and DXC 1 {AFP
registery oxist, DXC 3 is reported. When hoth a specification oxcoption and an AFP rogister

data exception apply, # is unprediciable which one is reported.

Anaddressing exception is recogmzed when the CPU atteropts io veforence a main-storage
location that is not available in the configuration. A main-storage location 18 not available in
the configuration when the locatior s not mstalled, when the storage onit i3 not n the
confipuration, or when power 18 off In the storage vnil, An address designating a storage
lacation that is not avatlable n the configuration s referred o as imvalid. The operation s
suppressed when the address of the instruction is mvalid, Simtlarly, the operation i
suppressod when the address of the target instruction of EXECUTE i invalid, Also, the unit
of operation is suppressed when an addresaing exception s encounterad in accessing a iable
or table entry. The tables and table entrics to which the rale applies are the dispatchable-unit-
control table, the primary ASN second- table entry, and cuntnies in the access Hat, region first
table, region second table, region third fable, scgment table, page tablde, Hnkage table,
holage-~ fivst table, hnkage-sccond table, cotry table, ASN first table, ASN sccond table,
authority table, linkage stack, and trace table. Addressing exceptions result in suppression
when they are encountered for references 1o the region first table, region seeond table, region
third table, segment table, and page table, in both implicit references for dynamic address
transiation and reforences associated with the exceoution of LOAD PAGE-TABLE-ENTRY
ADDRESS, LOAD REAL ADDRESS, STORE REAL ADDRESS, and TEST
PROTECTION. Siuntlarly, addressing exceptions for accesses to the dispatchable-unit
control table, primary ASN-second-iable entry, access bist, ASN second table, or avthonty
table result in suppression when they are encountered in accoss-register transiation done
either implicitly ov as part of LOAD PAGE-TABLE-ENTRY ADDRESS, LOAD REAL
ADDRESS, STORE REAL ADDRESK, TEST ACCESS, or TEST PROTECTION. Except
for some specific mstructions whose oxecution s suppressed, the operation s terminatod for
aiy operand address that can be translated but designates an unavailable location. For

terromation, changes may cccur ondy to result ficlds. In this context, the term “result ficld”
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fcludes the condition code, registers, and any storage locations that ave provided and that

are designated to be changed by the instruction.

The foregoing is usetul in understanding the terminology and structure of one computer
systern croboditacnt. Embodiments not mtted to the 2/ Architecture ot to the description
provided thereof. Embodiments can be advantageousty apphied to other coraputer

architectures of other congruter manufacturers with the tesching herein.

Dhfferent processor architectures provide @ Emited number of general registers {GRs),
soraetimaes referred to as general purpose regisiers, that are explicitly {and/or vnplicithy)
wlentified by instructions of the architected mstruction set. 1BM z/Architecture and ifs
predecessor architectures {dating back to the original Systom 360 circa 1964) provide 16
general registers (3RS} for each central processing unit {TPU). GRs may be used by
processors {central processing unit {CPLY) instructions as follows:

As a source operand of an artthmetic or logical operation,

As a target operand of an arithmetic or logical oporation.

As g the address of a mernory operand {either 4 base register, index regisier, or divecily )

As the length of a memory operand.

Other uses such as providing a function code or other information to and from an instruction.

Untif the mtrodaction of the IBM o/ Architecture mainframe 1 2000, a mainframe general
register consisted of 32 bits; with the introduction of #/Architecture, a general register
consisted of 64 bits, however, for compatibility reasons, many »/Architectare nstructions
continue 1o support 32 bits,

Sirotlarly, other architectures, such as the x86 froro Intel® for example, provide
compatibility modes such that 8 current machine, having, for example 32 bit registers,

provide roodes for nstructions o access only the frst 8 bits or 16 bats of the 32 bit GR.

Even in early IBM System 360 cnvironrocnts, 16 rogisters (dentified by a 4 bit register field
i an instruction for example) proved o be daunting to assembler programmers and compiler

designers, A moderately-size prograro could require several base registers to address code
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and data, Bmitiog the vursber of regisiers avalable o bold active vanables, Certain

techniques bave boen used o address the Emied mumber of registers:

Program design (as simple as modular programming} helped to minimize base-register

gvergtiiization,

Corapilers have used techniques such as register "eoloring” to rasnage the dynamic

reassignment of registers,

Base register nsage can be reduced with the following:
Newer arithmetic and logical instructions with immediate constants (within the mstruction}.
Newer instructions with relative-irornediate operand addresses,

Newer instructions with long displacements,

However, there remains constant register pressure when there are more live variables and

addressing scope than can be accommodated by the mumber of registers in the {PUL

z/Architecture provides three programe-selectable addressing modes: 24-, 31+, and 64-bit
addressing. However, for programs that neither vequire 64-bat values nor exploit 64-bit
memory addressing, having 64-bit GRS 18 of imited benefit. The following disclosure
describes a technique of exploiting 64-bit registers for prograras that do not generally use

6d-bit addressing or variables.

Within this disclosure, a convention is used where bit positions of registers are nurbered in
ascending order from left to right (Big Endian}. In a 64-bit repister, bit O (the lefimost bit)
represeuts the wost significant value (2771 and bit 63 {the rightmost bit) represents the least
significant value (2%). The leftmost 32 bits of such a repister {bits 0-31) are called the high
word, and the vightmost 32 bits of the regster (bits 32-03) are called the low word where a

word is 32 bita,
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HIGH-WORD FACHITY

A new suite of general mmstructions (that s, instructions available to an application prograny}
s introduced to exploit the high word (the most-significant 32 bits) of a 64-bit general
register when the CPU s 1 32 bit mode. The program can employ the pew instructions to
access the lidden (previously nnavailable) high words of the GPR i addition o the old

instructions which continue to be restricted o the low words.

Retorring to FIG, B, 4 prograro writen o an architecture having 16 or 32 bit regisiers may be
run on & newer version of the architecture supporting 64 bit registers. The program written
for, say, a 32 bit mode i only aware of 32 bit registers, and typically 32 or fower logical
address bits, An Operating System {8} 801 1 8 64 bit architected computer system may
suppott progrants writen tHr 64 bit mode 803 as well as prograros written for 32 byt ronde
802, A context switch operation K04 in such a machine will save K03 the 64 bit registers as
well as the Program Status Word (PSW) when swiiching between programs and/or the
operating system independent of whether the Application program 802 833 was in 32 or 64
bit mode. Thus, a 32 bt prograny running in 32 bit mode on & 64 bit machine under control
of a 64 bt operating system, will bave iis registers saved and restored during certain coutext
switches. The computer systemn and operating system may actuaily save and restore 805 all
04 bits of the general registers during the context switch, oven though the program subject to
the context switch is running in a 32 bit wode. Thus, the program sees only half ofthe
cgisters, only 32 bits of the &4 bits of cach register. The other 32 bus of the iroplemented
registers is “hidden” from the 32 bit program. The 32 bits of the known registers, may be
used for addressing, and even though the corputer system supports 64 bils of addressing,
the (S can manage via Dynamic Address Translation, such that ouly 32 bits of address are
manipitiated by the 32 bit program in 32 bit mode. The 32 bit mode may be thought of as a
low-word mode since the program is only utibizing the low word (32 bt word) of a double
word {64 bit) register. An Application Program operates under contrel of the OS5, and
fuvokes the OF jo order to bave the OS5 pertorme cortain functions. This “nvoking” s
performed by the context switch 804 that saves state of the application program and loads
state 805 of the U8 1o be performed, where the O8 begms execution at the address provided
by the context switch. The O8 can then inveke one of the application programs by a context

switch 804 to pornnit the application program io run. 1n some applications, use ol resonurces is
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supported by permitiing cach apphication, a time-stice of operation and a context switch 304
15 used to “mtorrupt” the active program after an clapsed time in order to permit the 8 o

dispatch another application prograr for another time-shice.

The avatiability of the High-Word taciiity may be controlied by 4 bit or a ficld in the
machine that must be set fo enable the High-Word facibity. When the High Word facility s
cnabled, the 32 bit program can take advantage of the “hidden” part of the register by
cxecuting new “high-word facility” nstructions. Other new “high-word facility” instructions

nmay be provided that provide new function o instructions using bw-word registers.

In most of these instructions, ondy the high word of the registers is manipulated. In cortain
mstructions, variants are provided {o reanipulate the high word of one source register with
the low word of another source register, the result being placed in the bigh word of a target
register (C.g., AHHLR ) RISBLG provides g low-word anslog to the high-word RISBHG
fostruction. RISBHO and RISBLG provide great flexsbifity wy moplementing a number of

pseudo-instructions {with assistance from the assembler program).

As mentioned above, processor architectures employ General Purpose Registers {(GPRs},
avatlable to the Instruction Set of the architecture, A program can take advaniage of data
being n the GPRs, which may be implemented in high speed memory such as embedded
tatches on g chip, for faster performance than having the data in slower roain store, which is
otten implemented by complex dynamic address translation mechanisms. {n some
architectures such as x86 having 64 GPRs, the size of cach GPR has been ncreased
evohitionary from 8 bits to 16 bits, 32 bits and currently 64 bits. However the number of
GPRs available to an instruction ({64 for x86) determined by a number of bits (6 for x86) of
a (PR field within anomstruction) remains the same so that programs writlen for an older
instruction having & bit GPRs for example, will stifl run on newer architectures having 32 bit
GPRs for exarople. Thas, a machine having 37 bt GPRs operating 1o 8 bit mode, will
provide access to only the lower € bits of each 32 bit GPR. However, during a context
switch, the 32 bit Operating System (O8) will always save and restore the full 32 bis of cach

GPR.
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In an IBM 2/ Archiecture ioplementation, a roachine may bave 16 GPRs, cach GPR
consisting of 64 bits (bits §-63) but mway ran an application program written for 32 bt
rogisters in 32 b voode. The 32 bite may be the low order 32 bits of the GPR (bits 32-63),
where the high order 32 bits (hits §-31} are not avatlable (hidden) in a 32 bit mode of
operation, The apphication program has no way of utihizing the high order 32 bits of the

(PR as they are wvisible to the program. The apphication program, in an example, may
have heen written for a 32 bit machine of g prior generation of the machine having only 32
bt vegisters and addressing 24 or 32 bits of logical addresses to wemory. The 32 b wode
enables the cxample 32 bit application progran to run on 4 newer machine having an
architecture supportiog 64 bits of GPRs, having a 64 bit Operating System {OS) and
supporting 64 bit application programs in 64 b mode. In another machine architecture
detined for 32 bit GPRs, 2 set of 32 bit “hudden GPRs” may be provided that are mvisible to

application programs.

A “High-Word Facility mode” i3 provided that enables a subset of instructions o access the
hidden or High Ovder GPRs, while the romaining set of instructions have access to the

architecied or Low Urder GPRs,

Preforably, i “High-Word Facility mode”, the subset of instructions may ooly access the
High Order OPRs in one unplemeniation, but in another oplementation, the subset of
mstructions may define GPR field as being directed o the High Order GPRs and another

(PR ficld as being dwected to the low order GPRa,

I another preferred umplementation, o “High-Word Facidity mode”, only low order 3PRs

can be used for generating main memory addresses.

In an implementation, applications executing in “High-Word Facility mode” can co-exist
with applications not executing jo “High-Word Facility mode”. The apphcations not i

High-Word Faciity mode may be 32 bit GPR applications or 64 bit GPR applications. In
this exarnple, GPRs of a roachine are utilized having 64 bits with applications written for
(3PRs utilizing 32 bits, however, the present embodiments would provide advantage in GPRs

ot a nachine with any number of bits (16, 24, 32, 48, 64, 128) rooning apphications written
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for GPRs having fower nurober ot bits (8, 16, 24, 32, 48, 64, Furthermore, High-Word
Facility mode hidden registers mway utilize only a designated peortion of the hidden GPRs,
such that, inthe 32 by application program of the previous example, the hidden registers
available i High-Word Facility mode for some instructions may be the low order Bor 16
bits of the high order 32 bits of the 64 bt GPRs, while other hudden registers may be the
high order 8 or 16 bits of the high order 32 bits of the 65 bit GPRs for example. The teaching
of embodiments s prosented using o/ Archutecture and/or x86 architecture, however, other

wnplerocniations are readily apparcut 1o one of average skl n hght of the teaching hevewn,

In an example @/ Architecture embodiment, for selected 32-byt 1nstructions, the high-word
factlty effectively provides sixteen additional 32-bit registers (high word registers) by
utihizing previously unavailable high order bits §-31 of the sixteen 64-bit general registers
{bits 0-63 3. In an embodirsent, the High-Word facility may enable the following mstructions
with ronemonies mdicating the function (AHHBR for ADD BIGH for exarople):

o ADD HEGH (AHHHR, AHHLR)

« ADD IMMEDIATE BIGH (AlH)

» ADD LOGICAL HIGH (ALHHHR, ALHHLR}

» ADD LOGICAL WITH SIGNED IMMEDIATE HIGH (ALSIH, ALSIHN)

« BRANCH RELATIVE OMN COUNT HIGH (BRCTH)

« COMPARE HIGH (CHHR, CHLR, CHF)

« COMPARE IMMEDIATE HIGH (CIH)

» COMPARE LOGICAL HIGH (CLHHR, CLHLR, CLHF)

= COMPARE LOGICAL IMMEDIATE HIGH (CLIH)

« LOAD BYTE HIGH (LBH)

« LOAD HALFWORD HIGH (LHH)

» LOAD HIGH (LFH)

» LOAD LOGICAL CHARACTER HIGH (LLCH)

« LOAD LOGICAL HALFWORD HIGH (LLHH

« ROTATE THEN INNERT SELECTED 8ITS HIGH (RISBHOG)

« ROTATE THEN INSERT SELECTED BITS LOW (RISBLG)

» STORE CHARACTER HIGH (STCH)

= STORE HALFWORD HIGH (STHH)
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« STORE HIGH (5TFH)
« SUBTRACT HIGH (SHHHR, SHHLR}
» SUBTRACT LOGICAL HIGH (SLHHHR, SLHHLR)

The foliowing additional general instructions may be available when the mterlocked-aceess
factlity is installed:

« LOAD AND ADD (LAA, LAAG)

« LOAD AND ADD LOGICAL (LAAL, LAALG)

» LOAD AND AND {EAN, LANG)

« LOAD AND EXCLUSIVE OR (LAX, LAXG)

« LOAR AND OR (LAD, LAGG)

« LOAD PAIR DISJOINT (LPD, LPDG)

The foliowing additional general instructions may be gvailgble when the boad/store-on-
condition facitity is installed:

« LOAD ON CONDITION (LOC, LGOC, LGROC, LROO)

s STORE ON CONDITION (STOC, 5TGOO)

The following additional general instructions may be available when the distinct-operands
factlity is instailed:

« ADD (ARK, AGRK)

» ADD IMMEDIATE (AHIK, AGHIK)

= ADD LOGICAL (ALRK, ALGRK)

« ADD LOGICAL WITH SIGNED IMMEDIATE (ALHSIK, ALGHSE)
« AND (NREK, NGRE}

» EXCLUSIVE OR (XRE, XGRK)

» OR {ORK. GGRK)

« SHIFT LEFT SINGLE (SLAK)

o SHIFT LEFT SINGLE LOGICAL (SLLK)

« SHIFT RIGHT 5INGLE (5RAK)

» SHIFT RIGHT SINGLE LOGH AL (SRLK)

= SUBTRACT (SREK, SGRK}
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« SUBTRACT LOGICAL (SLRE, SLGRK)

EXAMPLE HIGH-WORD INSTRUCTIONS

The foliowing are example mstructions that may employ the High-Word facility.

ADRD HIGH (BRRF format)

When the instruction 18 executed by the computer systern, the seeond operand 18 added to the
third operand, and the sum 18 placed at the first-operand location. The operands and the sum
are treated as 32-bit signed binary mtegers. The first and second operands are in bits (.31 of
general registers B and RZ, respectively; bits 32-63 of geoeral register R1 are unchanged,
and bits 32-63 of general register R2 are ignored. For AHHHR Optlede, the third operand 15
in bits §-3 1ot gencral register R3; bits 32-63 of the register are ignored. For ARHLR
OpCode, the third operand is in bits 32-63 of general register R3; bits §-31 of the register are
ignored. When there 18 an overflow, the result s obtamned by allowing any carry o the
sigi-bit position and ignoring any carry out of the sign-bit position, and condition code 3 s
set, If the fixed-pomnt-overflow mask is one, a program interruption for fixed-point overflow

SOCHTS,

Resuliing Condition Code

0 Result zerp; no overflow

1 Result foss than zero; no overflow

2 Result greater than zero; no overflow

3 Overflow

Program Exceptions:

» Fored-point overflows Uperation (1 the mgh-word facility is not instailed)

ADD IMMEDIATE HIGH (RIL format)

When the inatruction is exccuted by the computer system, the second operand is added to the
first operand, and the surn 15 placed at the first-oporand location. The operands and the surg
are treated as 32-bitsigned binary integers. The first operand is 1n bits(-31 of general vegister

R1; bits 32-63 of the regisier are unchanged. When there 18 an overflow, the result is
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obigined by allowing any carry wnto the sign-bit position and ignoring any carry out of the
sigr-bit position, and condition code 3 s set. I the fixed-point-overflow mask i one, a

program interruption for fixed-poind overtlow occurs,

Resultimg Condition Code

0 Result zerp; no overflow

1 Result foss than zero; no overflow

2 Result greater than zoro; no overflow

3 Overflow

Program Exceptions:
= Fixed-point everflow

» Uperation (i the igh-word facility is not installed)

ADD LOGICAL HIGH (RRF format)

When the instruction 18 exccuted by the comyputer systern, the second eperand 15 added to the
third operand, and the sum 18 placed at the first-operand location. The operands and the sum
are treated as 32-bitunsigned binary integers. The first and sccond operands are in bits (-31
of general vegisters R1 and R2, respectively; bits 32-63 of general vegister R1 are
unchanged, and bits 32-63 of general register R2 are ignored. For ALHHHR OpCode, the
third operand 18 in bits0-31 of general register R3; bits 32-63 ot the register are ignored. For
ALHHLR OpCode, the third operand is in bits32-63 of geveral register R3; bits 6-31 of the

register are ignored.

Resulting Conditien Cede:
# Result zero; no camry

1 Result not zemo; no carry
2 Result zevo; carry

3 Result not zero; carry

Program Exceptions:

= Operation (if the high-word facility 18 not instalied)
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ADD LOGICAL WITH SIGNED IMMEDIATE HIGH (RIL format)

When the instruction is executed by the computer system, the second operand is added to
the first operand, and the sum is placed at the first-operand location. The first operand and
the sum are treated as 32-bitunsigned binary integers. The second operand is treated as a 32-
bit signed binary integer. The first operand is in bits 0-31 of general register R1; bits32-63 of

the register are unchanged.

Resulting Condition Code:

For ALSIH, the code is sct as follows:
{( Resalt zevo; no carvy

| Result not zore, no carry

2 Resuit zero; carry

3 Result not zere; carry

For ALSIHN, the code rerasins unchanged.

Program Exceptions:

s Operation (1 the igh-word facility is not installed)

BRANCH RELATIVE ON COUNT HIGH (B], RIL format)

When the tostruction s exccunted by the computer system, A one is subiracted from the first
operand, and the result 18 placed at the fivst-operand Iocation. For BRANCH RELATIVE
ON COUNT (BRCT OpCode}, the first operand and resudt are treated as 32-bif bipary
mmtegers i bits 32-63 of general register R1, with overflow ignored; bits §-31 of the register
are unchanged. For BRANCH RELATIVE ON COUNT HIGH (BRCTH Oplode), the first
opcrand and resuit are treated as 32-bitbinary integers i bits 9-31 of general register R1,
with overflow ignored: bits 32-63 ot the regster are unchanged. For BRAMNCH RELATIVE
ON COUNT (BRCTG OpCode}, the first operand and result are treated asd4-bit binary
futegers, with overflow igoored. When the vesult is 1o, normal mstruction sequencing
proceeds with the updated instruction address. When the result 8 not zero, the instruction
address m the current PSW s replaced by the branch address. The contents of the 12 field are
a signed binary integer specifying the number of balfwords that is added to the address of the

mstruction to gencrate the branch address.
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Condition Code: The code remuaims unchanged.

Program Exceptions:

= Operation {BROTH, if the high-word taciiity 18 not mstalled)

Programming Notes:

1. The operation is the same as that of the BRANCH ON COUNT mstruction except for the
means of specifying the branch address.

2. The first oporand and result can be cousidered as either signed or vusigned binary integers
since the result of a binary subiraction 1s the same in both cases.

3. An mitial count of one results 1o zero, and no branching takes place; an initial count of
zere vesults iy -1 and causes branching to be executed; an initial count of -1 resuits in -2 and
causes branching o be executed; and so on. In a loop, branching takes place cach time the

fmstruction is executed until the result is again zero.

Neote that for BRCT, beeasuse of the number range, an intlial count of 231 resulis ina
positive value of 231 - 1, or, for BROTG, an mitial count of-263 results in a posttive value of
263 - L4, When the instruction s the target of an oxecute fype mstruction, the branch is

relative to the target address;

COMPARE HIGH (RRE, RXY format), COMPARE IMMEDIATE HIGH (RIL format)

When the tnstruction is exccuted by the computer system, the first operand is compared with
the sccond operand, and the result is indicated in the condition cede. The operands are
treated as 32-bit sigued binary iotegers, The fivst operand i3 1 b positions §-31 of general
register Ri; bt positions 32-63 of the register are ignored. For COMPARE HIGH (CHHR
Opode), the second operand 18 10 bit positions 8-31 of general registerR2; b positions 32-
63 of the register are ignored. For COMPARE HIGH (CHLR OpCode). the second operand
18 in bit positions 32-63 of general register R2; bit positions8-3 1 of the register are ignored.

The displacement for CHE 15 treated as a 20-bitsigned binary integer.
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Resulting Condition Code;

¢ Operands cqual

i First operand low

2 First operand high

3 -

Program Exceptions,

s Access {operand 2 of CHF ounly)

» {eration (if the high-word facility i3 not instalied)

COMPARE LOGICAL HIGH (RRE, RXY format), COMPARE LOGICAL IMMEDIATE
HIGH (RIL format}

When the mstruction s executed by the computer syster, the first operand is compared with
the seonnd operand, and the result 18 indicated i the condition code. The operands are
treated as 32-bit unsigned binary integers. The first operand i3 in bit positions 8-31 of
general register R1; bit positions 32-63 of the register are ignored. For COMPARE
LOGICAL HIGH (CLHHR. OpCaode), the second operand s i bt positions 8-31of geneval
register R, bt positions 32-63 of the register are ignored. For COMPARE LOGICAL
HIGH (CLHLR OpCade), the second operand 13 1o bt positions32-63 of gencral register R2;
bit positions 8-31 of the register are ignored. The displacersent for CLHF is treated as a 20~

wsigned binary mteger.
bitsigned binary meger

Resultimg Condition Code
0 Operands equal

! First operand low

2 First operand high

3

Program Exceptions:
« Access {operand 2 of CLHF only)

» Uperation (i the igh-word facility is not installed)
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LEOAD BYTE FIGH (RXY format)

When the instruction is executed by the computer system, the sccond operand s sign
exiended and placed at the first-operand location. The second operand is one byt 1o length
and 13 treated as an eight-bit signed binary integer. The first operand is treated as a 32-bit
signed hinary integer in bits §-31 of general register R, bitg 32-6301 the regisior are

unchanged. The displacement s treated as 8 20-bit signed binary integer.

Condition Code: The code rematns unchanged.

Prograro Exceptions:
« Access (fetch, operand 2)

« Operation (if the high-word facility 15 not mstalied)

LOAD HALFWORD HIGH (RXY format)

When the instruction is executed by the computer systern, the second operand is sign
extended and placed at the first-operand lecation. The second operand is two bytes in fength
and is treated as an 16-bit signed binary integer. The first operand s treated as a 32-bit
signed binary integer in bits 0-31 of general register R1; bits 32-630f the registor are

unchanged. The displacement is treated as a 20-bit signed bioary integer.

Condition Code: The code remains unchanged.

Prograrn Exceptions:
« Acceas {fetch, operand 2)

« Operation (if the high-word facility is not mstalied)

LOAD HIGH (RXY format)

When the ostruction 1 oxccnied by the computer system, the sccond operand s placed
unchanged af the fivst operand location. The second operand is 32 bits, and the first operand
18 in bits 8-31 of general register Risbits 32-63 of the register are unchanged. The

displacement is treated as a 20-bit signed binary integer.
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Condition Code: The code remains unchanged.

Program Exceptions:
» Access {feich, oparand 2)

= Operation (if the high-word facility is not instalied)

LOAD LOGICAL CHARACTER HIGH (RXY format)

When the instruction is executed by the computer system, the one-byte second operand is
placed in bit positions24-31 of general register R1, and zeros are placed in bit positions 0-23
of general register R1; bit positions 32-63 of general register R1 are unchanged. The

displacement is treated as a 20-bit signed binary integer.

Condition Code: The code remaing unchanged.

Program Exceptions:
« Access (fetch, operand 2)

s Operation (1 the igh-word facility is not installed)

LOAD LOGICAL HALFWORD HIGH (RXY format)

When the instruction is executed by the computer system, the two-byte second operand is
placed in bit positions16-31 of general register R1, and zeros are placed in bit positions 0-15
of general register R1; bit positions 32-63 of general register R1 are unchanged. The

displacement is treated as a 20-bit signed binary integer.
Condition Code: The code remains unchanged.

Program Exceptions:

« Access {fetch, operand 2)

« Operation (if the high-word facility is not mstalied)

ROTATE THENMN INSERT SELECTED BITS HIGH (RIE format), RUTATE THEN
INSERT SELECTED BITS LOW (RIE format)
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When the instruction is executed by the computer system, the 64-bit second operand is
rotated left by the number of bits specified in the fifth operand. Each bit shifted out of the
leftmost bit position of the operand reenters in the rightmost bit position of the operand. The
selected bits of the rotated second operand replace the contents of the corresponding bit
positions of the first operand. For ROTATE THEN INSERT SELECTED BITS HIGH, the
first operand is in bits 0-31 of general register R1,and bits 32-63 of the register are
unchanged. For ROTATE THEN INSERT SELECTED BITS LOW, the first operand is in
bits 32-63 of general register R1,and bits 0-31 of the register are unchanged. The second
operand remains unchanged in general register R2. For ROTATE THEN INSERT
SELECTED BITS HIGH, bits 3-7 of the I3 and 14 fields (bits 19-23 and 27-31 of the
instruction, respectively), with a binary zero appended on the left of each, form six-bit
unsigned binary integers specifying the starting and ending bit positions (inclusive) of the
selected range of bits in the first operand and in the second operand after rotation. When the
ending bit position is less than the starting bit position, the range of selected bits wraps
around from bit 31 to bit 0. Thus, the starting and ending bit positions of the selected range
of bits are always between 0 and 31. For ROTATE THEN INSERT SELECTED BITS
LOW, bits 3-7 of the 13 and 14 fields, with a binary one appended on the left of each, form
six-bit unsigned binary integers specifying the starting and ending bit positions (inclusive) of
the selected range of bits in the first operand and in the second operand after rotation. When
the ending bit position is less than the starting bit position, the range of selected bits wraps
around from bit 63 to bit 32. Thus, the starting and ending bit positions of the selected range
of bits are always between 32 and 63.Bits 2-7 of the I5 field (bits 34-39 of the instruction)
contain an unsigned binary integer specifying the number of bits that the second operand is
rotated to the left. Bit 0 of the 14 field (bit 24 of the instruction) contains the zero-remaining-
bits control (Z). The Z bit control show the remaining bits of the first operand are set(that is,
those bits, if any, that are outside of the specified range). When the Z bit is zero, the
remaining bits of the first operand are unchanged. When the Z bit is one, the remaining bits
of the first operand are set to zeros. The immediate fields just described are as follows: Bits
0-2 of the I3 field and bits 1-2 of the 14 field (bits16-19 and 25-26 of the instruction) are
reserved and should contain zeros; otherwise, the program may not operate compatibly in the

future. Bits 0-1 of the I5field (bits 32-33 of the instruction) are ignored.
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Condition Code: The code rersains unchanged

Program Exceptions:

» Uperation (if the mgh-word facility is not installed)

Programming MNotes:

1. Although the bits 2-7 of the IS5 field are detined to contain an unsigned binary integer
specifving the number of bits that the second operand is rotated to the left, a negative value
niay be coded which effectively specifies a rotate-right amount.

2. The first operand 18 always used i it un~-rotated form. When the BT and R2 ficlds
designate the same rogistor, the valug contained in the register is first rotated, and then the
seiected bits of the rotated value are inserted o the corresponding bits of the un-ratated
register contents.

3. In the asscrobler syntax, the 15 operand contaming the rotate amount is considered to be
optional. When the 15 field is not coded, a rotate amount of zero 15 unplicd.

4. The 14 ficld contains both the zero-remaining-bits contrel (in bit §) and the ending bt
position vahue(io bits 2-7). For oxample, to insert bits 40-43 of register 7 info the
corresponding bits of register 5{no rotation} and roro the romaining bits in the right halfof
register 3, the programyuer might code: The XRO represents the zoro-remaining-bits
control which i3 added to the euding-bit position to forn the 14 field. The high-level
assernbler (HLASM) provides aliernative ranemonics for the zero-remaining bits versions of
RISBHG and RISBLG in the form of RISBHGY and RISBLHYZ, respectively. The “27 suftix
o the ronemonic mdicates that the specifiedid ficld is ORed with a value of X°80" when
generating the object code. An equivalent to the example shown above using the Z-suffized
mnemonic is as foliows:

5. On some wodels, improved performance of RISBHG and RISBLG may be vealized by
setting the zero-remaining-bits control o ong {or using the 7 pmeomonic suffix).

O, Undike ROTATE THEN INSERT SELECTEDRRITS which sets the condition code,
ROTATETHEN INSERT SELECTED BITS HIGH and ROTATE THEN INSERT
SELECTED BITS LOW do not set the condition code,
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STORE CHARACUTER HIGH (RXY format)
When the instruction is executed by the computer system, Bits 24-31 of general register R1
are placed unchanged at the second-operand location. The second operand is one byte in

length. The displacement is treated as a 20-bit signed binary integer.

Condition Code: The code remains unchanged.

Program Exceptions:

» Access {store, operand 2} = Uperation (if the high-word facility 18 not instatled)

STORE HALFWORD HIGH (RXY format)
When the instruction is executed by the coraputer systern, Bits 16-31 of general register R1
are placed unchanged at the second-operand location. The second operand s two bytes in

length. The displaceracnt 18 treated as a 20-bit signed binary intoger.

Condition Code: The code remains unchanged.

Program Exceptions:
= Access {store, operand 2}

« Operation (if the high-word facility is not mstalied)

STORE HIGH (RXY format)

When the instruction is executed by the computer system, the first operand is placed
unchanged at the second operand location. The first operand is in bits 0-31 of general
register R1, and the second operand is 32bits in storage. The displacement is treated as a 20-

bit signed binary integer.

Condition Code: The code remains unchanged.

Program Exceptions,

» Access {store, operand 23

= Operation (if the high-word facility 18 not instalied)
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SUBTRACT HIGH (RRF format)

When the instruction is executed by the computer system, the third operand is subtracted
from the second operand, and the difference is placed at the first operand location. The
operands and the difference are treated as 32-bit signed binary integers. The first and second
operands are in bits 0-31 of general registers R1 and R2, respectively; bits 32-630f general
register R1 are unchanged, and bits 32-630f general register R2 are ignored. For SHHHR
OpCode, the third operand is in bits 0-31 of general register R3;bits 32-63 of the register are
ignored. For SHHLR OpCode, the third operand is in bits 32-63 of general registerR3; bits
0-31 of the register are ignored. When there is an overflow, the result is obtained by
allowing any carry into the sign-bit position and ignoring any carry out of the sign-bit
position, and condition code 3 is set. If the fixed-point-overflow mask is one, a program

interruption for fixed-point overflow occurs.

Resulting Conditinn Code

0 Result zerp; no overflow

| Resulr less than zevo; no overflow

2 Result greater than zoro; no overflow

3 Overflow

Program Exceptions:
= Fixed-point everflow

» Uperation (if the mgh-word facility is not installed)

SUBTRACT LOGICAL HIGH (RRF format)

When the instruction is executed by the computer system, the third operand is subtracted
from the second operand, and the difference is placed at the first operand location. The
operands and the difference are treated as 32-bit unsigned binary integers. The first and
second operands are in bits 0-31 of general registers R1 and R2, respectively; bits 32-63of
general register R1 are unchanged, and bits 32-630f general register R2 are ignored. For
SLHHHR OpCode, the third operand is in bits 0-31 of general register R3;bits 32-63 of the
register are ignored. For SLHHLR OpCode, the third operand is in bits 32-63 of general
registerR3; bits 0-31 of the register are ignored.
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Resulting Condition Code;
{3 -

1 Result not zero; borrow
Z Result zero; no borrow

3 Besult not zero; no borow

Program Exceptions,

s Operation (1 the igh-word facility is not installed)

Referring to FIG. 6, an ovample General Purpose Regster (GPR) i showr having 16 GPRs
{cach GPR comprising bits 32-63 in Small GPR mode and bits (-63 in Large GPR mode)},
The effective number of General Purpose Registers (GPRs) avatlable to mnstructions of a
program may be extended in a computer having a first sumber (16} of large GPRs, cach
mstraction conywising an opeode and one or more GPR fickds for specitying correspounding
(GPRs, cach large GPR consisting of a first portion (31-63) and a second portion (8-31).
Referring to FIG. 7A, a computer in fotches mstructions for oxecution conyprising
mstructions frovn either First Set 701, a Second Set 742 or a Third Set 7180, The Fiest Set
only accessing a first portion of any GPR, the Sccond Set accessing a second portion of any
GPR, the Thud Set accessing the whole GPR, including the first portion and the second
portion. When 783 the computer i3 in a small GPR mode, for example, and i3 exccuting
nstructions of the first set of mstractions 707 for accessing fivst portions, the cxocution
comprising 708 generating memory addresses for accessing memory operands based on said
small GPRs or gecessing small GPR operands, wherein cach of sawd small GPRs consists of
said first portion 707, when 783 the computer 18 i a smuall GPR mode, when 705 the
computer is executing High-Word instructions, executing instructions 700 of a sccond set of
mstructions, the second set of instructions for accessing mstruction specified second
portions, whorein 708 the execution comprises generating memory addresses for accessing
meroory operands based ou said small GPRs or accessing small GPR eperands, wherein saxd
small GPR consists of said mstruction specified second portion. When 704 the computer ia
in g large GPR mode wherem cach large GPR consists of the first portion and the second
portion, the computer executes instructions of the third set of nstructions, the execution

CONprising gencrating racmory addresses f0r aceessing mermnry opcrands based on said
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large GPRs or accessing large GPR operands, wherein cach of sard large GPR consists of

said first portion and said second portion,

Responstve to the computer being in a small GPR wode the computer may generate 709 an

oporatinn exceplinn responsive o exocuting mstructions of the sccond set of mstructions,

As shown m FIG. 7B, the exccution of the mstruction of the second instruction set may
perform 731 a corresponding opeode defined function based on two operands, and storing
the result, the corresponding opcode defined function consisting of an ADD of two operands

function, 2 COMPARE of two operands function or an OR of two operands function 752,

The exccntion of the mstruction of the second mstruction sot raay perform & corresponding
oposde defined function based om two operands, and storing the result, the corresponding
opcade defined function consists of a LOAD and operand from memery function ot a

STORE an operand to memory function 753,

The exccntion of the mstruction of the second instruction set voay perform a corresponding
opcode defined function based on two operands, and storing the reosult, the corresponding
opcade defined function s 4 ROTATE THEN INSERT SELECTED BITS function
comprising rotating a source operand by an instraction specified amount, then inserting a

selocted portion of the rotatod source operand in a sclected portion of 8 target operand 704

While the proforred embodiments have been iHustrated and described herem, 1t is to be
understood that the embodiments are not limited to the precise counstruction herein disclosed,
and the right 18 reserved to all changes and modifications coming within the scope of the

wveniion as defined 1o the appended claims,
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CLAIMS
1. A computer unpleracnieod rocthed for extending an effective number of Geoeral

Purpose Registers {GPRs} available fo instructions of a program in a computer having a first
number of large GPRs, cach instruction comprising an opeode and one or more GPR fizlds
for specitying corresponding GPRs, each large GPR comprising a first portion and a second
portion, said large GPRs comprising first small GPRs consisting of first portions and second
sinall GPRs cousisting of secound portions, the method comprising:

responsive to the computer being in a small GPR mode; executing instructions of a
fivst set of iusiructions, the fivst set of strochions for accessing said first stoall GPRs, the
execution comprising generating mermory addresses for accessing memory operands based
on saud first small GPRs or aceessing first small GPR operands, wherein the first small GPRs
consist of said fivst portions; and executing nstructions of a second set of instructions, the
sceond set of instructions for accessing sawd second small GPRs, the execution comprising
cenerating memory addresses for accessing memory operands based ou said second smail
(PR or accessing second small GPR operands, wherein the second smail GPRS consist of
sard second portions; and

responsive to the computer being in a large GPR mode, executing msiructions of a
third set of instructions, the execution comprising generating memory addresses for
accesaing memory operands based on said large OPRs or accessing large GPR operands
comprising said first portions and said second portions,
2. The method according to Claim 1, the sraall GPR mede comprising being in one of a
24 bit addressing mode or 2 31 bit addressing mode.
3. The method according to Claim 1 or Claam 2, wherein the fivst portion s 32 biis and

the second portion 18 32 bits.

4. The method according to any preceding claim, wherein the execution of the
nstruction of the second nstruction sot comprises perforraing g corresponding opeode

defined function based on two operands, and storing the result, the corresponding opeode
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defined function cousisting of an ADD of two operands function or a COMPARE oftwo

opcrands function.

5. The method according to any of claims 1 to 3, wherein the execution of the
imstraction of the sccond instruction set comprises performing a corresponding opende
defined funclion based on fwo operands, and storing the result, the corresponding opeode
defined funchion consists of a LOAD of an operand froro mernory function or 8 STORE of

an operand to memory function,

&, The method according to any of claims 1 1o 3, wheretn the execution of the
msiruction of the second mstruction sot compriscs performing a eorrespending opoode
ctined function based on two operands, and storing the result, the corresponding opeode
defined funchion s a ROTATE THEN INSERT SELECTED BITS function comprising:
refating a source operand by an mstruction specified amount; and
inserting a selected portion of the rotated source operand in a selected portion of a

target operand.

7. The method according to Claim 2, comprising supporting an Operating System
operating in Large GPR mode wherein the Large GPRs are saved and restored dunng
E 2

context switches for Applications running in Small GPR wmode.

8. The method according to Claim 7, wherein the third set of instructions coraprise the

first set of instructions and the second set of instructions.

a. A computer program product for extending an offective mumber of General Purpose
Regsters (GPRs) available to instructions of a program 1o a computer having a first number
of large GPRs, cach instruction comprising an opeode and one or more GPR ficlds for
specifying corresponding GPRs, cach large GPR comprising a furst portion and a second
portion, said large GPRs comprising first smoall GPRs consisting of first portions and second
srall GGPRs consisting of sccond portions, the comyprater program product comprising a

tangible storage medium readable by a processing circuit and storing instructions which
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when executed by the processing civcutt perform the method according to any of clatms 1 to

8.

. A compuier system for extending an effective number of General Purpose Registers
{GPRs) available to mstroctions of g program n a conypruter having a first mumber of large
(PRs, cach instruction comprising an opcode and one or more OPR fields for specifyimg
corresponding GFRs, cach large GPR comprising o first portion and g sceond portinn, said
farge GPRs covoprising fust small GPRs consisting of fst portions and sceond stoall GPRs
consisting of second portions, comprising:

a mersory;

4 processor in communication with the memory, the processor comprising an
mstruction fetching clement for fotching instructions from memory and one or more
execution elements for executing fetehed jnstructions;

wherein the computer system 1s eonfigured o perform the method according to any

of claims 1o X,



