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EXTENDING THE NUMBER OF GENERAL
PURPOSE REGISTERS AVAILABLE TO INSTRUCTIONS

FIELD OF THE INVENTION

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

system processor mstruction functionality,

BACKGROUND

Tradomarks: IBME 18 a registered trademark of International Business Machines
Corporation, Armonk, New York, US AL 8390, 2900, 2990 and z10 and other product
names may be registerad frademarks or product names of International Business Machines

Corporation or other conypaies.

iBM hag created through the work of many highly talented engineers beginning with
machines known as the IBM® System 360 0 the 1960s to the present, a special architecturs
which. because of s essential nature to a compuiing system, became known as “the
matnframe” whose principies of opershion state the architectare of the machine by desoribing
the instructions which may be executed upon the “mainframe” implementation of the
instructions which had been nvented by IBM inventors und adopted, beeause of thew
signiticant contribation fo improving the siate of the computing machine representad by “the
mamframe”, as significant contributions by inchwion in 1IBM s Principles of Gperation as
stated over the years, The Eighth Edition of the IBM® »/Architectura® Principlzs of
Operation which was published Febroary, 2009 bas become the standard published reforonce
as SA22-7832-07 and is incorporated tn IBM s 21 0% mamframe servers meluding the 18M

Swstern z10® Enterprise Class servers.

Reforring to FIG. 1A, representative componenis of 2 Host Computer system 34 are
porirayed. Other arrangements of components may also be employed m 4 computer systeny,
which are well known in the art. The representative Host Computer 30 comprises ane or

more CPLUs 1 in commumication with main store {Computer Memory 23 as well 25 VO
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mterfaces o storage devices 11 and networks 10 for cormmunicating with other computers or
MaMs and the like. The CPU T is compliant with an architecture having an architected
mstruction set and architected functiovality. The CPU 1 may have Dynammie Address
Transiation (AT 3 for transforming program addresses {virtual addresses) into real address
of memaory. A DAT typically moludes & Translation Leokaside Buffor (TLBY 7 for caching
transiations so that later sccesses to the tlock of computer memory 2 do not require the
delay of address translation. Typically a cache 9 w enwploved between Computer Mermory 2
and the Processor 1, The cache 9 may be lerarchical having a large cache avatlabie to more
than one UPL and smaller, faster (lower tevel) caches between the large cache and each
CPU. I soroe imnplementations the lower level caches are split to provide separate low level
caches for instruction fetching and data accesses, In an embodiment, an instruction is fetched
from memory 2 by an nstruction fetch unit 4 via a cache 9, The Instruction is decoded inan
nstruction decode unit {63 and diapatched fwith other nstructions in some embodimenis) o
imstroction execution units B, Typically several execution units § are emploved, for example
an arithmetic execution wiil, & floating point execotion unit and a branch nstruction
execution unit. The mstruction 18 exocuted by the execution unil, docessing operands from
instruction specified registers or memory as needed, 1 an operand 5 1o be scoessed {oaded
or stored) from memoery 2, a load store unit 5 typically bandles the access under control of
the instruction bemg executed. fnatructions may be executed m hardweare cronis or o

mterna! microcode (frmware) or by a combination of both.

In PG, 1B, an example of an emulated Host Computer system 21 18 provided that emulates a
Host computer system 38 of a Host architecture. In the enmilated Host Computer system 21,
the Host processor {CFLU} 1 s an emulated Host proceasor (or virtaal Host processor) and
cornprises an ernulation processor 27 having a different native instruction sot architecturs
than that of the vrocessor 1ol the Host Coraputer 58, The ermlated Host Cowputery system
21 has memory 22 accessible to the emulation processor 27, In the cxample embodiment, the
Memary 27 1 partitioned into & Host Coroputer Momory 2 portion and an Emulation
Routines 23 portion, The Host Computer Memory 2 s available to programs of the emulated
Host Computer 21 according to Host Corputer Architecture. The emulation Processor 27
execuies native instructions of an architected instruction set of an architecture other thap that

of the emulated processor 1, the native instructions obtaimed from Eraslation Routines
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meroory 23, and may access a Host instroction for execution from & program w Host
Computer Memory 2 by employing one or more mstruction{8) obtained m a Sequence &
Access/Decode routine which ey decode the Host instructionds) aceessed to determing 4
native instruction execution routing for enwularing the function of the Host insiruction
sceassed. Other facilities that are defined for the Host Computer Systern 30 architecture may
be emulated by Architeeted Facilities Routines, including such faciiities as General Purpose
Repisters, Control Remsters, Dynamic Address Transiation and /0 Subsystem support and
processor cache for example, The Enmlation Routines yoay also take advantage of function
available in the crmudation Processor 27 (such as general rogistors and dynamic transistion of
virtual addresses) to prove performance of the Emulation Rowdines, Special Hardware and
Off-Load Engines may also be provided 1o assist the processor 27 m emulating the function

of the Host Computer 30

in a mamframe, srchitected muchme mstructions arve used by programimers, usually today
O programmers often by way of a conpiler application. These instructions stored in the
storage medivim may be executed natively 1w a z/Architocturs IBM Server, or alternatively
machines exocuting other architectures. They can be emulated n the existing and in future
I8M mamframe servers and on other machines of IBM {c.g. pSerigs® Sarvers and xSenies®
Serversy. They can be executed in machines running Linux on a wide vaviety of machings
using hardware manufactured by IBM®, Intel®, AMIYM, Sun Microsysiems and others,
esides execution on thet bardware under a Z/Architecture®, Linux can be used as well as
wachines which use emulation ag described at bitp:/Awww turbobercules.com,
hitpwww hereules-390 org and hitp/Vwww funsofi com. In emulation mode, emulation
software iz execoted by a native processor to 2mulate the architecrure of an epnulated

PrOCEssor.

The nutive processor 27 typically exccutes emulation software 23 comprising oithe
Frrroware 07 8 native oporating system o perform emnlation of the erulated processor, The
erpulation soltware 23 is responsible for fstching and execolimg mstructions of the ermilaled

processor architecture, The emulation software 23 maintains an emulsted prograrm counter to

g

i

lezep track of nstruction boundaries. The emulation software 23 may feich one or more

emulsted machine instructions at g time and convert the one or more emulated machine
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mstractions (o & corresponding group of native wachine mstructions for execution by the
native processer 27, These converted instiuctions may be cached such that a faster
cotversion can be accorphshed. Not withstanding, the enulation software yaust rosintain
the architecture rules of the emulated processor architecture 8o as o assure operating
systerns and appheations written for the omulsied processor operate correctly. Furthermore
the emulation seftware must provide resources identified by the eroulated processor |
architecture weluding, but not Himsted o control registers, goneral purpese registers, foating
pormt registers, dynamic address transiation fumction includmg sepment tables and page
tables for example, interrupt mechanisns, context switch mechanisms, Time of Day (TOD
clocke and architected interfaces to VO subsvatoms such that an operating system or an
application program designed 1o run on the emulated processar, can be vun on the native

processor having the emulation software.

A spectfic mstruction being emulated 15 decoded, and & subroutine called to perform the
function of the ndividual nstruction. An emulation software function 23 emulating a
function of an emulated processor | s maplemented, for example, m a “C7 subroutine or
driver, or some other methad of providimg 2 driver for the specific hardware as will be withun
the skili of those in the art afier understanding the description of the preferred embodiment.
Vanous seftware and hardware seaudation peicnts mehuding, but nod Hmdled to USRS 5551043
for a “Multiprocessor for hardware eroulation” of Beausolell et al., and USa009261.
Breprocessing of stored target routines for emulating meompatible mstructions on g target
proceasor” of Scakzi et al; and USSST4873: Decoding puest instruction to directly access
ermulation routines that enwlate the guest nstructions, of Davidian of al; US830823%:
Symmetrical multiproceasing bus and chipset used for coprocessor support allowing non-
native code to run i a system. of Gorishek ot all and 1IS6463562: Dyvnamic optimizing
obieot code translator for archiecture eronlation and dynamic optivazing object code
transiation myethod of Lethin ot aly and URST90825: Method for croulating guest instroctions
an a host computer through dynamic recompilation of host nstructions of Eric Traut, These
referances tustrate o variely of koown ways to achieve emudation of an instruction format
architected for a different machine for a targe! machine svailable to those skilled in the art,

as well as those commercial software techniques used by those referenced above.
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In US Publication No. US 2009/0249039 A1, 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
mstruction 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 ciement,

What is needad is new mstraction functipnabity consistent with existing archilecture that
relieves dependency on architecture resources such as general registers, mproves

=

functionabily and performance of sofiware versions employing the new nstruction,

SUMMARY

In an embodiment of the High-word facility, an effective number of General Purpose
Registers {GPRs) aveilable to mstructions of a program is extended in a computer having a
fivet mumber of large GPRs, cach instruction comprising an opeode and one or more GPR
fislds for specifying corresponding GPRs, each large GPR comprising a first portion and
second portion, said large GPRs comprising first small GPRe consisting of first portions and
second small GPRs consisting of second portions, wherein rasponsive (o the computer being
n a small GPR mode, porforming @) and by are pevforined. at instractions of a fivst set of
instructions are executed, the frst set of instructions for acoessing said first stoall GPRs, the
syooution comprisimg generating memory addresses for accessing memory operands based
on said first snall GPRs or accessing first small GPR operands, wherein the first small GPRs
consist of said first portions; and b} instructions of & second set of instructions are exeonted,

the second set of instructions for sccessing saud secongd small GPRs, the execution
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LoTpTISIG genorating momory addresses for accessing ey oparands based on saad
seeond simall GPRs or accessing second smalt GFR operands, wherein the second small
GPRs consist of sawd second portions; and responsive to the compoter being io a large GPR
made, nstructions of a third set of instructions are exscuted, the execution comprising
generating merory addresses for accessmy mernory operands based on said large GPRs or

accessing large GPR operands comprising said first portions and said second portions,

o an embodiment, the small GPR mode comprises bomg in one of & 24 bit addrossing mode

ora 31 bit addressing mode,

In an embodiment, the first portion is 32 bits, the second portion is 32 bits and the third

portinn is 64 bits,

In an embodiment, execution of the mstruction of the second mstruction 8¢t comprises

,,v

iy
o
i3

performing a corvesponding opcode defined fonction based on fwo operands, and storing the

result, the corresponding opeode defined function consisting of an ADD of two operands

function or a COMPARE of two operands function.

in an embodiment, execotion of the wstruction of the second mRtraction sef COMPriscs

lw
e
sy
[4]

performing & corresponding opcode defined function based on two operands, and storing
result, the corresponding opeode defined funchon consists of a LOAD of an operand from

memory fanction or & STORE of an operand to memory function.

In ap embodiment, exscution of the mstruction of the second instruction set comprises
performung a corresponding opcode defined function based on two operends, and storing the
result, the corresponding opeoade defined function 18 a ROTATE THEN INSERT
SELECTED BITS function conywrising: rotating a source operand by an instruction specified
amound; and inserting a selected portion of the rotated seurce opevand in a selecied porbion

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

Smal GPR made,

in an embodiment, an Operating System operates in Large GPR mode wherein the Large
(GPEs are saved and vestored during context switches for Applications running i Small GPR

mnds,

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

become appareat in the fllowing written desoription.

BRIEY DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure will now be described, by way of example only, with

refrence to the scoompanying drawings in which:

G, 1A s g dingrars depicting an example Host computer systeny

FI(, 1B s & diagram depicting an cxample emulation Host computer systemy
FHG 1O s a diagramn depscling an example computer system

PG 2 s 2 dimgram depicting an example compter iaatwe:}riq;

F1G. 3 15 & diagram depicting an clements of & computer system

FEGs. 4A-4C depict detailed slements of a computer systeny

FiGs. SA-SE depict machine fnstruction format of a computer system;

FIG 6 depicts an example Large GPR;

FIGs. TA-78 preserds an example High- Word embodiment flow; and

FIG. 8 depiets ap exarople context switch flow.

DETAILED DESCRIPTION

An cmbodiment may be practiced by sefiware {sometimes referved to Licensed 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 program code cally
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seeessed by the processor also known as & CPU (Cenidrald Processing Unit) 1 of the system 50

from long-term storage miedia 11, such as s CO-ROM drive, tape drive or hard ditve. The

software program code may be embodied on any of & variety of known media for nse witha
data processing systam, such as a diskette, hard drive, or CI-ROM. The code may be

distributed on such moedia, or may be distributed o users fom the computer memory 2 ot
sterage of one compuier system over s network 1 1o other coraputer systams for use by

users of such other systerps.

Alternatively, the program code may be embodied i the memory 2, and accessed by the
progescor 1 using the processor bus, Such program code includes an operating systet which
controls the function and interaction of the varipus computer components and one of newe
application programs. Frogram code 18 normally paged fom dense storage media 11 to
high-specd memory 2 where # is available for precessing by the procgasor 1. The
technines and methods for embodyimg software program cods 1 memary, on physical
media, andlor d'%é't‘f.‘ibuti.n.g software code via networks are well known and will not be further
discussed herein. ng; arn code, when created and stored on a tangible medium (ncluding
bt not Hmited to electrone memory modules (BAM}, Hash wmemory, Compact Discs (Cs),
DV, Magnetic Tape and the like is often reforred 1o as a "computer program product”. The
conputer prograrn product medim s wypically readable by 4 processing ocutd proforably

a computer system for exeoution by the procesaing cirouit,

FIG. TC illustrates 2 representative workstation or server hardware system. The systerm 130
of FIG. 1C comprises a representative computer system 161, such as a j;)ers;@na}_ conpuier, &
workstation or & server, inchiding optional peripheral devices. The workstation 161 includes
one or more processors HO6 and a bus emploved o connect and enabie communication
batween the processor(s) 106 and the other components of the svstewn 101 in accordance
with known techniques. The bus connects the processar 106 to memory 105 and long-term
siorage 107 which can include a hard drive (including any of magnetic media, U5, DVD and
Flagh Memory for example) or a tape drive for example. The system 101 might also includs
a user interface adapter, which connects the nucromrocessor 106 via the bus to one or more
iterface devices, such as 2 keyvboard 104, mouse 103, 2 Prnter/scanner 118 and/or other

1

interface devices, which can be any user inferface device, such gs a touch sensitive sereen,
:' "
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digitized entry pad, etc. The bus aleo conuedts o display device 102, such as an LOD soreen

or moniter, to the microprocessor 106 via a display adapter.

The systern 101 may commmunicate with other computers or networks of computers by way
of a network adapter capable of cormunicating 108 with g network 109, Exanmde network
adaptera are communications channels, token ring, Fthernet or modems. Alternatively, the
workstation 101 may comrounicsic using g wireless mierface, such as a CDPD (ccliular
digital packet data) card. The workststion 101 may be associated will such other computers
in a Local Arsa Metwork (LAN) or a Wide Ares Metwork (WAN), or the workstation 183
can be a client in a cleni/server arrangement with snother computer, ofe, All of these
configurations, as well as the appropriete communicstions hardware and software, are

known in the art,

FIG. 2 illustraies & data processing network 200 in whick cmbodiments roay be practiced,

The data processing network 200 may inchede a plorality of individual natworks, such as a
wireiess network and s wired notwork, cach of which may include 2 pluraity of mdividusl
workstations 107 202 203 204, Additionally, as those skilled 1 the ari will appreciate,
one or more LANs may be ncleded, where a LAN may comprise 1 plurality of mielligent

workstations coupled 10 8 host progessot

Still referring to FIG. 2, the networks may also melude mamframe computers or servers,
guch as a gateway compater (chent server 206} or application server {romoie server 208
which may access a data repository and may alse be acoessed divectly from 2 workstation
208y A gateway computer 206 serves as a point of eniry into each network 207, A gateway
is needed when connecting one networking protoco! to another. The gatewsy 200 may be
preforably coupled to another netwaork (the Internet 247 for exarople) by weans of a
comynunications ok, The gatewsy 206 may also be directly coupled to one or more
workstatons 101 201 202 203 204 using 8 communications bink. The gaiewsy computer

may be implemented utilizing an IBM eServer™ slerica® 298 Server available from IBM

Corp.
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Software programming code s typically accessed by the processor 106 of the system 101
from long-term storage medin 107, such as g CB-ROM drive or hard drive, The software
programening code may be embodied on any of 2 variety of known media for use with o data
nrocessing system, such as a diskette, hard drive, or CD-ROM. The code may be distributed
on such media, or may be distributed to users 210 211 from the memory or storage of one

computer systern over a network to other congputer syatems for use by users of such other

Bysiems,
Abternatively, the programming code 1 may be embodied in the memory 105, and

accessed by the processor 106 osing the processor bus, Such programening code mncludes an
operating systom which contrals the fanction and interaction of the various computer
componenis snd one or mere application programs 112, Program code is normally paged
from dense siorage media 107 fo high-speed memory 105 where it s available for processing
by the processor 106, The techniques and methods for embadying software programming
code in memory, on physical media, and/or distributing sotbware code via networks are well
known and will not be further discussed herein, Program code, when creatod and stored on a
tangible medivm (nelading but not mited to electronic memory modules (RAM), Hash
memory, Compact Dises (CDs), DVDs, Magnetic Tape and the like 8 ofien reforred o as a
"couputer program prodoct”, The compuier program product mediure is typically readable
by a processing cirouit preferably in 2 computer system for exeoution by the processt

ciruit,

The cache that is ot readily available to the processor (normoally faster and smaller than
other caches of the processor) 18 the lowest (L1 or level one) cache and main store {main
memory} is the highest level cache (L3 if there are 3 levels). The lowest leve! cache 15 often
divided foto an instruction cache (1-Cache) holding mwachine instructions to be executed and

a data cache (D-Cache} holding data operands,

Referring to FICGE 3, an exemplary processor embodiment is depicted for processor 106,
Tvpically one or more levels of Cache 303 are employed to buffer memory blocks in order
w0 fmprove processor performance. The cache 303 is a high speed buffer holding cache lines

of memery data that are Hlely to bo used. Typical cache lnos arw 64, 128 or 250 bytes of
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mernory data, Separate Caches are ofien employed for caching instructions than for caching
data. Cache coherence (synchrenization of copies of lines in Memory and the Caches} i
often provided by various "Snoop” algorithms well known in the art. Main storage 103 ofa
processor system i8 offen referred to as a cache. Tn a processor system having 4 levels of
cache 303 main siorage 105 is sometimes roforred to g8 the level 5 (L3} cache since 1 18
typically faster and enly holds a portion of the non-volatile storage (DASD, Tape ete) that is
available to a computer systent Main storage 105 "caches™ pages of data paged in and out of

the main storage 105 by the Operating system.

A program counter {instruction countery 311 keeps track of the address of the current
mstruction to be executed. A program counter in a z/Architecture processor 18 64 bils and
can be truncated to 31 or 24 bits to support prior addressimyg Hroits, A program counter is
typicatly embodied in 2 PSW {program status word) of a computer such that i persists
during coniext switching. Thus, a program jo progress, iaving a program counter vaiue, may
be interropied by, for example, the operating system {context switch from the program
environment to the Operating system environment). The PSW of the program maintains the
rogram couser vatue while the prograr is not active, and the prograre counter (@ the
PSW) of the operating svstem 18 used while the operating svstern is executing. Typically the
Program counier 18 fncrersented by an armount equal (o the rumber of byies ol the curroent
instroction. RISC (Reduced Instruction Set Computing) isatructions are tymeally fixed
length while C1SC (Complex Instruction Sef Corputing) instructions are typically variable
tength, Tnstructions of the 1BM »/Architecturs are CISC instructions having a length ot 2, 4
or & bytes. The Program counder 311 is modified by cither a confext switch operation or g
Branch teken operation of a Branch instruction for example. In & context switch operation,
the current program counter value is sgved in a Program Status Word (PSW) along with
other state nformation about the pragram being exscuted (such as condition codes), and &
Bow program counter value s loaded poinfing o an instruction of & new program module to
be executed. A branch feken operafion i perforroed morder i penmit the program {o make
decigions or loop within the program by loading the vesult of the Brasch Instruction toto the

Program Counter 311,
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Tvpically an imstruction Fetch Unit 305 15 employed o foteh instructions on behalf of the
processor 106, The fetch unit zither fetches "next sequential instructions”, target mstructions
of Branch Taken instroctions, or first instructions of a program following 2 context switch,
Modern Instruction fetch units often enmploy prefeteh technigues to speculatively prefetch
mstructions based on the Hkelhood that the prefotrhed nstructions might be used. For
example, a faich unit may feich 16 bytes of instruction that mcludes the next sequential

instruction and additional bytes of further seauential instructions.

The fetched instructions are then executed by the processor 106, In an embodiment, the
fetched imstraction(s) are passed {o & dispateh unid 306 of the feteh urat. The dispatch untt
decodes the mstruction{s) and forwards informatien about the decoded mstruction(s}) to
appropriate units 307 308 310, An cxecution unit 307 will typically receive information
about decoded arithmetic mstructions Fom the instraction fetch voit 308 and will perform
arithmetic eperations on operands according 1o the opeode of the mstruction. Uperands are
provided o the execution unit 307 preferably either from memory 105, archifectad registers
30% or from an inunediate field of the instruction beinp executed. Reosults of the exgcution,
when stored, gre stored either in memory 108, rogisters 309 or in other machine hardware

{such as control registers, PEW registers and the like),

A processor 106 typically has one or more sxeeution units 307 308 310 for executing the
function of the instruction. Referring to FIG. 4A, an exccution unit 367 may communicate
with architected general registers 309, 2 decode/dispateh unit 306 a load store anit 310 and
other 401 processor anits by way of interfacing logic 407, An Exccution unit 307 may
employ severa! register circuits 443 404 4035 to hold information that the arithmetic logie
unit { ALY 402 will onerate on. The ALU performs arithmetic operations such as add,
subtract, multiply and divide as well as logical function such as and, or and exclasive-or
{xor), rotate and shifl. Preferably the ALU supports specialized operations that are design
dependerd. Other circuits may provide other architected facilities 408 meloding condition
codes and recovery support logic for example. Typically the resalt of an ALU operation i3
held in an output register crouit 406 winch can forward the result to a variety of other

.

srocessing functions. There are many arrangements of processor units, the present
: : # { i

description 18 only intended to provide a represontative understanding of one embodiment.
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An ADD instruction for example would be exceuted in an execution unit 307 having
arithnetic and logical functionality while a Flosting Point fustruction for exarmple would be
awecuted in a Floating Point Execution having specialized Floating Point capability.
Preferably, an execution unit operates on operands identified by an mstruction by performing
an opoode defined function on the operands. For example, an ADD instruction may be
executed by an execution ot 307 on operands found in two registers 309 wdentified by

egnster fickds of the mstruction.

The execution unit 307 performs the arithmetic addition on two operands and stores the
result in g third operand where the third opevand may be a third register or one of the two
source registers. The Execution unit prefersbly urilizes an Arithmetic Logic Unit (ALU} 402
that is capable of performing a variety of logical functions such as Shift, Rotate, And, Or and
XOR as well ag a varicty of algebraic functions including sny of add, subtract, multiply,

divide, Some ALUs 402 are designed for scalar operations and some for Boating point. Dats
may be Big Endian (where the least sipnificant byie 18 at the highest byte address) or Littie
Fadian {where the least significant byte is at the lowest byte address} depending on
architecture, The 1BM z/Architecture 18 Big Endisn. Signed ficlds may be sign and
magnitude, s complement or 2's complemment depending oo architecture. A I's complement
number 18 advantageous i that the ALY does not peed to design a subtract capability smee
either a negative value or a positive value in 2% comploment requires only and addition
within the ALLL Numbers are commonly described in shorthand, where 2 12 bit field defines
ant address of a 4,096 byvte block and is commonly deseribed as g 4 Kbvte (Kilo-byie} block

for example.

Trimodal Addressing
“Trimodal addressing” refers 1o the ghility to switch batween the 24-bit, 31-bit, and 64-bit
sddressing moedes, This switching can be done by means of
« The old instructions BRANCH AND SAVE AND SET MODE and BRANCH
AND SET MODE. Both of these mnstructions st the 64-bit addressing mode if bit 63 of the
B2 general register is one. [T hit 63 i3 zero, the matructions set the 24-bit or 31-bit addressing

miode i bit 32 of the register is zoro or one, respectively.
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= The new struction SET ADDRESSING MODE (SAMI4, SAM3], and
SAMGS Y. The instruetion sots the 24-bit, 31-bit, or 64-bit addressing mode as determined by

the operation code.

Tri-Modat instructions
Trimodal addressing atfects the geveral instructions only i the mamer m whick logical
storage sddresses are handled, except ag hlows,

» The instructions BRANCH AND LINE, BRANCH AND 3AVE, BRAMCH
AND SAVE AND SET MODE, BRANCH AND SET MODE, and BRANCH RELATIVE
AND SAVE place informuation in bit positions 32-39 of general register B as in ESA/390 in
the 24-bit or 3 i-bit addressing mode or place address bits i those bit positions in the 64-by
addressing mode, The pew struction BRAMOH RELATIVE AND SAVE LONG does the
SaME.

= The instructions BRANCH AND SAVE AND BET MODE and BRANCH
AND SET MODE place a one in bit position 63 of general register R in the 64-bit
addressing mode. In the 24-bit or 31-bit mode, BRANCH AND SAVE AND SET MODE
sets il 63 to zore, and BRAMCH AND SET MODE leaves it unchanged.

« Certain ingtructions feave bits (531 of a geoeral register unchangad i the 24-bat
or 31-bit addressing wode bul place or update sddress or length inforreation in thern i the
64-bit eddressing mode. These are listed in prograsmming note §on page 7-7 and are

somettmes called modal mstructions.

Effects on Bits 8-31 of 5 General Regigter:

Bits §-371 of general registers are changed by two types of inatroetions. The first type isa
modal instruction {see the preceding sectiony when the Instruction is executed in the 64-b
addressing mode. The second type is an mstruction having, indepsodent of the addressing
mode, oithor a 64-bit result operand in 2 single general register or & 1280t result operand in
un even-odd peneral-registor pair, Most of the instructions of the second type are mdcated
by a “0,7 efther alone or in “GF,” in their mnemonics. All of the instractions of the second
type are sometimes reforred to as “G-type” mnstructions. I g program is not executed in the
6d-bit addressing mode (Large GPR mode) and does not contam a G-type instruction, o

cannot change bits 0-31 of any general rogister (Small GPR mode). In some environments, a
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portion of an application programa may be i Small GPR mede and another portion may be in
Large GPR mode. In an embodiment, certain mstructions may be Small GPR mode
ingtructions and others voay be Large GPR mode instructions, wherein the mode ofthe
computer is dependent om whether i 13 executing & Small OFR mode instruction or a Large

GPE mode mstruction.

Reforring to FIG, 48, Branch mstruction mformation for executing & branch mstruction 18
tvpteally sent o a branch unit 308 which oflen employs 4 branch prediction aigovithm such

s a branch history table 432 o predict the outcome of the branch before other conditional
operations are coruplete. The target of the current brauch nstruciion will be fetched and
speculatively executed hefores the conditionsl operations are complete. When the conditional
operations are compicted the speculatively executed branch instructions are exther completed
or discarded based on the conditions of the conditional operation and the speculated
cutcome, A typical branch instruction may tost condition codes and branch to & target
address if the condition codes meet the branch requirement of the branch instruction, & target
address may be caleulated based on several niunbers mehuding ones found in register fieids
or an immediate field of the matruetion for exwmple, The branch wnit 308 may employ an
ALY 426 having @ phuratity of nput vegister clrcuits 427 428 42% and an output register

circudt 430, The branch unit 308 may copymunicaic with geners! registers 309, decode

dispatch vt 306 or other cirenits 425 for exampls

The exeoution of a group of instructions can be interrupted for a variety of veasons including
& context switch inittated by an operating systenl, & Program oxeeption o7 crror Causing &
context switch, an 140 interruption signs! causing a context switch or multi-threading activity
of a plaratity of programs {in a mult-threaded enviromment) for example. Preferably a
contexrt switch action saves state information about a currently executng program and then
loads state information abowt another program being Inveked. State information may be
saved in hardware registers or n mernory for example. State mforroation preferably
comprises a program counter valus pomling t a next instroction {0 be executed, condition
codes, memory transietion information and architected register coment. A context switch

ctivity can be exercised by bardware circuits, apphication programs, operating systam
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programs or firmware code rdorecede, pieo-code or Heensed internal code (LI alone or in

combination.

A processor accesses operands according o ineruction defined methods. The instraction
may provide arn nuncdiate operand usmyg the value of a portion of the fnstruction, may
provide one or more register fields mwm*ij, pointing t either general purposs registers or
apecial purpese registers (floating point registers for example). The instruction may utilize
unplicd regisiers Wentified by an opeode field as operands, The mstroction may utilize
memory locations for operands. A mernory location of an operand may be provided by a
regisior, an vwmediate feold, or & combination of registers and tmediate field ag
exemplified by the z/Architecture long displacement facility wherein the instruction defines

a Base register, an Index register and an immediate field {displacement field) that are added

together to provide the address of the operand in memory for example. Locstion herein
vpicaily inpplics g lcation m reain memory (maln storage) unless otherwise indicated.

Referring to FHG. 40, g processor sceesses storage using a Load/Store unit 316, The

Load/Store unit 314 may perforro a Load oporation by obtaining the address of the target
operand in mermory 303 and loading the operand in a register 309 or another momory 303
ocation, or may perforce a Store eporation by obtalnivg the address of the target operand in
memory 303 and storing data obtained from 2 register 309 or another memory 303 location
i the target operand location i wemery 303, The Load/Store wnw 310 mav be speculative
and may access mamory in a sequence that is cul-oftorder relative to nstroction sequence,
however the Load/Store unit 310 must maintain the appearance to prograrms that instructions
were execnted i order. A load/store unit 310 may communicate with general reglsters 309,
deonde/dispatch unit 306, Cache/Memory interface 303 or other elements 455 and comprises
various register crenits, ALUs 4538 and control logic 463 w caloulate storage addresses and
to provide pipeline sequencing © keep operations in-erder. Some eperations may be out of
order but the Load/Store unit provides fupctionalily to make the out of order operations 1o
appear to the program as baving been performed in order as iz well known in the art.

¥

Preferably addresses that an apphication program "sees” are oflen referred to as virtual

addresses. Virmal addresses are sometirnes referred to as "logical addresses” and "sffective
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addresses”. These virtual addresses are virtual in that they are redwected 1o physical aemory

focation by one of 2 variety of Dynamic Address Translation (DAT) 312 technoiogies

moiuding, but not Tepied to simply prefinimg a virfual address with an offset value,
transiating the virtual address via one or more translation tables, the translation tables

preferably comprising at least g segment table and g page table alone or in combination,
preferably. the segment table having an entry pointing 1o the page table. In »/Architecture,
miergreby of translation is pmvi{;eé moheding a region first table, 2 region second table, g
region third table, a scgmend teble and an optional page table, The performance of the
address transtation is often improved by wtihring & Translation Look-aside Buffer (TLB)
which comprises ontnies mapping a virtual address to an associated physical memory
location, The entries are created when DAT 3127 transiates & virtual address using the
translation tables. Subsequent use of the virtual address can then utilize the entry of the fast
TLB rather than the slow sequential Translation table accesses. TLE contont may be

manaped by a varicty of replacement algorithms ncluding LRU (Least Recently used).

In the case where the Processer 18 2 processor of @ multi-processor systern, each processor

bas responsibility to keep shared resourees such as 1O, caches, TLEs and Memory

H

mierlecked for coberency. Typically "snoop” iechnologies will be utilized in mamtaining
cache cohersney. In g snoop envivonment, cach cache Tne roay be markesd as being in any
ane of 3 shared state, an exclusive state, 2 changed state, an invalid state and the like in order

o facilitate sharing

O units 304 provide the processor with mesns for attaching to peripheral devices including
Tape, Disc, Printers, Displays, and networks for example. VO units are often presented to the
computer program by software Drivers. In Mainframes such as the #/Series from {BM,
Channet Adapters and Open System Adapiers are FO units of the Mamframe that provide

the communications between the oporating system and peripharal dovices.

The following description from the w/Architecture Principles of Operation describes an

architectural view of & computer system
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STORAGE

A computer system meludes information in main storage, as well ag addressing, proteciion,
and reference and change recording. Some aspecis of addressing mchide the format of
addrasses, the concept of address spaces, the various types of addresses, and the manner m
which ome type of address s transiated to another type of address. Some of moain storage
inciudes permanently assigned storage locations. Main storage provides the system with
directly addressable fast-sccess storage of data, Both data and programs must be loaded mio

.,

main stovage { ot jopul devices} before they can be processed.

Whain sterage may inchude one of more sioaller, faster-access buffer stovages, sometimes
called caches. A cache is typically physically assoctated with a CPL or an VO processor,
The effzcts, except on performance, of the physics! construction and use of distinct storage

media are generally not observable ty the program.

Separate caches may be maintaimed for nstructions and for dats operands. Information
within a cache is maintained in contignous byvies on an integral boundary calied a cache
biock or cache lne {or tine, for short), A model may provide a0 EXTRACT CACHE
ATTRIBUTE instruction which returns the sive of a cache ling in bytes. A moedel may also
provide PREFETCH DATA and PREFETCH DATA RELATIVE LONG mstructions whuch
effects the prefetching of storages into the daia or instraction cache or the releasing of data

from the cache,

Storage is viewed as a long horizontal string of bits. For most operations, accessas 1o storage
proceed in a lefi-to-right sequence. The siring of bits is subdivided into units of eight bits.
An eight-bit unit i calied a byie, which is the basic butlding block of all mformation
formais, Bach byte location in storage is ideniified by a unigue nonnegative fnteger, which
the address of that byte location or, simply, the bvie address. Adiacent byte locations have
consecutive addresses, starting with O on the left wnd proceeding 1o & lefi-to-vight scquence,

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

information is transmatied between storage and a CFU or a channel subsystem one byle, or a

group of byies, at a time. Unloss otberwise specified, o group of byies in storage is addressed
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by the lofimost byte of the group, The number of bytes in the group i esther Jmplied or
explicitly specified by the operation to be performed. When used mna CPU aperation, a
group of bytes is called o feld. Withan each group of byites, bits are numbered in a lefi-to-
right sequence. The leftrnost bits are sometimes referved to as the “high-order™ bits and the
rightmost bits as the “low-arder” bits, Bit numbers are not storage addresses, however, Only
bytes can be addressed. To operate on individual bits of & byte in storage, B 15 necessary ©
access the entive byvte. The bits in g byte are numbered ¢ through 7, from left to right. The

~ v«

bits in an address may be numbered 8-31 or 40-63 for 24-bit addresses or 1-31 or 3363 for
31-bif addresses; they are numbered 0-63 for 64-bit addresses. Within any other fixed-length
format of multiple bvles, the bits making up the format are consecuiively numbered starting
from . For parposes of error detection, and in preferably for correction, one or more check
bits may be transmatted with each byie or with & group of bytes. Such check bits are
generaied avtomatically by the machine and cannot be directly controfied by the program.
Storage capacities are expressed in pumber of bytes. When the length of g storage-operand
field 1 implisd by the operation code of an instruction, the feld is said to have a fixed
fength, which can be ong, two, four, sight, or sixtesn bytes. Larper ficlds may be implied for
somme instructions, When the length of 8 storage-operand feld s not implied but 15 stated
exphicitly, the field is said to bave g variable length, Varable-longth oporands can vary
Ef:r;,gfh by increments of ooe byie, When information s placed w storage, the conients of
only those byte locations are replaced that ave included in the designated fisld, even though
the width of the phvsical path to storage mayv be greater than the length of the field being

stoved,

Certain units of information must be on an imtegral boundary in storage. A boundary is

called integral for & unit of information when #s storage address 1 2 multiple of the length of

the unit m bvtes. Special narnes are given 1o flelds of 2, 4, &, and 16 bytes on an integral
boundary, A balfword 15 8 group of fwo consocutive bvtes on a two-bvte boundary and is the
basic bunkiing block of mstructions, A word 15 2 group of four consecutive bytes on a four-
byte boundary, A doubleword 1s a group of eight consecutive bytes on an eighi-byte
boundary. A guadword 18 a group of 16 consecutive bytes on g 16-byie boundary. When
storage addresses designate halfwords, words, doublewords, and quadwords, the binary

representation of the address containg one, two, three, or four rightroost zere bits,
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respectively. Instructions must be on two-byte itsgral boundarics. The storage operands of

most instructions de not have boundary-alignment reguirements,

O raodels that implement separate caches for instructions and data operands, a significant
delay may be experienced if the prograr stores into a cache line frorn which instructions are
subsequently feiched, regardiess of whether the store alters the instructions that are

subseguently fetched.

MNETRUCTIONS
Typically, operation of the CPLU is contrelied by nstructions in storage that are executed
seguentially, one at a time, lefi fo right in an ascending sequence of storage addresses. A

change in the sequentisl operation may be caused by branching, LOAD PSW, mterruptions.

SIGNAL PROCENSOR orders, or manual intervention.

Preforably an instruction comprises two major parts:

« Ap operation code {op code), which specifies the operation 1o be performed

» Uptinually, the designation of the operands that participate,

Instruction formats of the 2/ Architociure are shown in FHGs, SA-3F. An fnstruchion can
simply provide an Opeode 591, or an opeode and & variety of fields including bnmediate
onerands or register spocifiers for locating operands m rogisters or in memory. The Opeode
can wdicate o the hardware that imphed resources {operands eic.} are o be nsed such as one
or more specific general purpose registers (GPRs). Operands can be grouped in three classes:
operands located in registers, immediate operands, and operands in storags. Operands may
be either cxplicitly or implicitly designated. Registor operands can be Ipoated in general,
floating- point, access, or control registers, with the type of register identified by the op
code. The rogister containing the operand is specified by identifyving the rogister m a four-bit
ficld, called the R feld, in the imsiruciion. For some ingiructions, an operand 18 located in an
implicitly designated register, the register being implied by the op code. Immnediate operands
are contamed within the insgtruction, and the 8-bit, 16-bi, or 32-bif ficld containmy the
unmediate operand is called the I fiekd, Operands in storage may bave an impliad leagth; be

specified by a bit mask; be specified by 2 four-bit or cight-bit length specification, calied the
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o

L field, in the instruction; or bave a Jength specifi ied by the contents of a gen wral register,
The ad&*cssés of operands in storage are specified by means of a2 format that uses the
contents of & general register as part of the address. This muakes '@05511?0153 i

Specify a complete address by using an ebbraviated notation

Perform address manipulation using instructions which employ general registers for
operands

Medify addresses by program means without alteration of the nstruction stream

Operate mc}upa,mwz of the location of data arcas by directly using addresses received frono

other programs.

The address used to refor to storage cither Iy contained in a register designated by the B ficld
in the instraction or &5 caleulated from 2 base address, index, and displacement, specified by
the B, X, and I fiekls, respectively, in the instruction. When the CPU is in the access-
vegister mode, # B or R field may desigoate an access rogister in addiion 1o bomg used o
specify an address. To describe the execution of instractions, operands are preferably
designated as first and second operands and, in some cases. third and fourth operands. In
general, two gperands participate i an instruction execution, and the resulf replaces the first

operand,

An instruction is one, twe, or three halfwords in length and mest be located in storage on a
halfword boundary, Referring to FIGs. SA - 5F depicting instruction formats, cach
instruction is in one of 25 basic formais B 501, [ 302, RI 503 504, RIE 505 551 552 3583
554, RIL 306 507, RIS 555, RR 510, RRE SIL RRF 510 513 514, RRS, R5 516 517, RS
520, REL 321 RSY S22 573, RX 324, RWE 323, RXF 326, RXY 327, 8 530,81 &

A36, STY 3372, S8 533 534 335 536 537, 85K 341 and 58P 5472 with three variations of RRY,
two of RI, BRIL, RS, and REY, five of RIE and 88,

The formst varmes mdicale, in general terms, the classes of operands which participate in the
operation and some details about fields:

« RIS denotes g r@gis‘rm‘nam‘?-immcdia.tf: operation and g storage operation,

= RES denotes a register-and-register operation and & storage operation.

= SIL denotes a btﬂ-}"“ﬁ‘?"dﬂd mmmediate operation, with g 16-bit immediate field
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Inthe L RR, RS, RS1L RX, S, and S5 formats, the first byvie of an instruction containg the op
code, In the Ei_w RRE RRF, %iL and SSE formats, the first two bytes of an m'mc’ﬂfm
mmam the op code, eacent that for some instructions in the § format, the op code is in only
the first byie. In the RI and RIL formats, the op code is in the firsd byte and bit positions 12-
13 of an mstraction. In the RIE, RIS, RRE, RSL, BReY, BRYE, BREF, RXY, and 51V formats,
the op code 18 i the frst byte and the aixth byte of an instraction. The first two biis of the

firgt or only bvte of the op code specify the lenpth and format of the instruction, as lows:

in the BR, RRE, RRF, RRR, KX, RYE, BXF, RXY, RY, RSY, KSEL RY, REE, and RIL

formats, the ;anta’n?s of the register designaied by the R, ficld are cailed the first operand,
The register crmmmmb the first operand 1s sometunes referved to as the “first operand

Incation,” and sometimes as “register R1% In the RR, BRRE, RRF and RRR formais, the B2
field designates the rogisier containing the second operand, and the K2 field may designate
the same register as R1. In the RRF, R¥F, RS, RSY RS, and RIE formats, the use of the K3

figid depends on the instruction. In the RS snd RSY formats, the B3 fleld may instead be an

[y

W3 ficld specifying a mask, The R ficld designates a goperal or acoess register in the geners
instructions, a general regisier in the control wstructions, and a floating-point regwster or &
goncral register inn the floating-poimt instructions. For general and control registers, the

vegister operand is 10 DIt positions 32-03 of the 6d-bit register or ocvupies the colue regster,

depending on the mstruction.

in the | format, the contents of the eight-bit immediate- data field, the [ Hield of the
mmstruction, are directly used as the onerand. In the 8T formes, the contents of the cight-hit
immediate- data field, the 12 field of the instruction, are used directly as the second operand.
The BY and 21 ficlds specify the first operand, which is one byte in length. In the 5TY
forrrnat, the operation is the same except that DHI and DL Gelds are used jnstead of a DI
ficld. In the BRI format for the mstructions ADD BALFWORD IMMEDIATE, COMPARE
HALFWORD IMMEDIATE, LOAD HALFWORD IMMEDIATE, avd MULTIPLY
HALFWORD IMMEDIATE, the contents of the 16-bit {2 field of the fnstruction are used
directly as a sipned binary mtegor, snd the R field speeifies the first operand, which i 32 or
on the mstruction. Por the mstruction TEST UNDER MASK

64 bits in length, depending
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{TMHH, TMHL, TMLH, TMLL), the contents of the 12 field are used as a mask, and the R1

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

For the mstroctions INSERT IMMEDIATE, AND IMMEDIATE, OR IMMEDIATE, and
LOAD LOGICAL IMMEDIATE, the contents of the 12 ficld are used as an unsigned binary
integer or a logical valee, and the R field specifies the first operand, which is 64 bis in
ength, For the relative-branch fmstructions m the RY and RST formats, the contonts of the 16-
b 17 feld are used ag e signed binary mteger designating a number of halfwords, This
mimber, when added to the address of the branch instruction, specifies the branch address.
For relative-branch matructions in the RIL formatl, the 12 Beld is 32 bits and s uged 1o the

S8IMC WAY.

For the relatrve-branch instructions m the BRI and RS1 formats, the contonts of the 16-bd 12
fickd arc wsed as o signed binary integer designating a nurmnber of halbrords. This number,
when added to the address of the branch mstruction, specifies the branch address. For
relative-branch instructons m the RIL format, the 12 feld i 32 bits and is used in the same
way. For the RIE-format instructions COMPARE IMMEDIATE AND BRANCH
RELATIVE and COMPARE LOGICAL IMMEDIATE AND BRANCH RELATIVE, the
contents of the 8-bat 12 field s used directly as the second operand, For the RI1E-format
imstroctions COI\/E?;’&RE IMMEDIATE AND BRANCH, COMPARE BMMEDIATE AND
TRAP, COMPARE LOGICAL IMMEDIATE AMD BRANCH, and COMPARE LOGICAL
IMMEIHATE AND TRAP, the contents of the 16- bit I2 field are used directly as the second
operand, For the RIE-format instructions COMPARE AND BRANCH KELATIVE,
COMPARE IMMEDIATE AND BRANCH RELATIVE, COMPARE LOGICAL AND
BRAMCH RELATIVE, and COMPARE LOGICAL IMMEDATE AND BRANCH
RELATIVE, the contents of the [6-bit 14 fekd are used a8 a sigued binary infeger
designating & number of helfwords that are added to the address of the lnstruction to form

the branch address,

For the RIL-format mstructions ADD IMMEDMATE, ADD LOGICAT IMMEDIATE, ADD
EOGICAL WITH SIGNED IMMEDIATE, COMPARE IMMEDIATE, COMPARE
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LOGICAL IMMEDIATE, LOAD IMMEDIATE, and MULTIPLY SINGLE IMMEDIATE,

the contents of the 32-bit 12 fleld are used divectly as a the second operand,

For the RIS-format instractions, the contends of the 8- bit 12 field are used d’iraciiy as the
second operand. In the S1L format, the contents of the 16-bit 12 feld are usad divectly asthe
second operand. The BY and 131 fisids apecify the first operand, as desoribed below.

b the REL, Si, 5IL., S5E, and most S5 formats, the contents of the general register
designated by the Bl field are added fo the contents of the D4 field o form the fst-operand
address, In the RS, RRY, 8, 51Y, 55, and S8E formats, the conterts of the general register
designated by the BZ field are added 1o the contents of the D2 fleld or DHD and DLZ fields
to form the second-operand address, In the R, BXE, RXF, and RYY formats, the contents

o

o the gpeveral regisiers designated by the X2 and B2 fields are added to the contents of the
D2 field or DHD and DLD ficlds to form the second-operand address. In the RIS and RRS
formats, and in one 88 format, the contents of the general register designated by the B4 feid

are added to the confents of the D4 fizld o form the fourth-operand address.

In the BY format with 2 single, eight-bt length field, for the instructions AND {N{),
HEXCLUSIVE OR (X MOVE (MVO), MOVE NUMERICE, MOVE ZONES, and OR
{0, Lospecifies the number of additional operand bytes o the right of the byte designated
by the first-operand address. Thevefore, the length in byvies of the first operand s 1-256,
corrssponding o a length code in L of §-253. Storage resulis veplace the first operand and
are never stored outside the field specified by the address and length, In this format, the
second operand has ihe same length as the first operand, There are variations of the
preceding definition that apply to EDIT, EDIT AND MARK, PACK ASCIL PACK
UNMICODE, TRANSLATE, TRANSLATE AND TEST, UNPACE ASCIL and UNPACK
UNICODE.

In the S5 format with two length fields, and in the REL format, L1 specifies the muimber of
additional operand bytes 1o the right of the byte designated by the first-oporand address,
Therefore, the lengih in byvies of the first operand 18 1-16, corresponding to & length code in

L1 of §-15. Simularly, L2 specifies the number of addittons! operand bytes to the right of the
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location designated by the z,r‘:m‘rsd~<)§s:ra,n,d address Results replace the first operand and are
never stored cutside the fisld specified by the address and longth. If the frst operand 18
tfonger than the second, the second operand is oxtended on the lefl with zeres up to the fength
of the first operand. This extension does not modify the second operand i storage. In the 88
forrmat with two R fields, as used by the MOVE TO PRIMARY, MOVE T0O SECONDARY,
and MOVE WITH KEEY inatroctions, the contents of the general reglster specified by the R1
field are a 32-bif unsigned value called the true length. The operands are both of 2 length
calied the effective tongth, The offective length 5 equal to the true length or 256, whichever
is less. The mstructions set the condition code o faciiitate programmming a loop fo move the
total mumber of bytes specificd by the true length, The S5 format with two R flelds is also
used to specify a range of registors and two storage operands for the LOAD MULTIPLE
EISIOINT instruction and t0 speeify one or two registers and ong or two storage operands

for the PERFORM LOCKED OPERATHON nstraction.

Acgero inoany of the B, B2, X2, or B4 fields indicates the absence of the corresponding
address component. For the absent component, 2 zero 15 used informing the mtormediate
sum, regardless of the comdents of general vegistor O A displacement of zoro bas no special

significance.

Birs 31 and 32 of the current PEW are the addressing- mode bils, Bit 31 is the extended-
addressing mode bit, and bit 32 18 the basic-addressing-mode bit. These bits control the size
of the effective address produced by address genevation, When bits 31 and 32 of the current
PSW both are zeros, the CPU is in the 24-bit addressing mode, and 24-bit instruction and
aperand effective addresses are generated, When bit 31 of the curvent BSW is zero and bit 32
15 one, the CPU 8 i the 31-bit addressing mode, snd 31-bif mgtruction and operand
etfective addresses are generated, When bits 31 and 37 of the current PEW are both one, the
O s o the 64-bit addressing mode, and 64-bit instruction and eperand effective addresses
are generated. Exccation of nstructions by the CPU involves gencration of the addresses of

mstrections and operands,

When an mstruction 1= feiched fom the location designated by the current PSW, the

mstraction gddress s increased by the nuraber of bvies m the instruction, and the mstruction
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is executed, The saroe steps are then repeated by wsing the new value of the mstruction
address to fetch the next Instrustion in the seguence. In the 24-bit addressing made,
instruction addresses wrap around, with the halfword at instroction address 27 - 2 being
fosllowed by the halfword at instruction address 0. Thug, in the 24-bit addressing mode, any
carry out of PSW bit position 104, as a result of updating the instruction address, is lost. In
the 31-bit or 64-bit addressing mode, instruction addresses simiferly wrap avcund, with the

11
a3

~ i . _ )
halfword at instruction address 277 - 2 or 2% - 2, respectively, followed by the halfword st
s i ¥ ¥

instruction address 8, A carry oul of PEW bit position 97 or 84, respectively, is lost,

An operand address that refers to storage s dertved from an intormediate valug, which either
is contained in a register dosignated by an B field i the instruction or is calculated from the
sum of three binary numbers: base address, index, and displacement, The base address (B} i3

H4-hit number contained in & general register specified by the program in a four bit feld,
calied the B field, in the instruction. Base addresses can be used gs 4 means of indepondently
nate the

addressing each program and data area. In array type caloulations, 1 can desi

e
=

o5
f"“:

tocation of an array, and, i record-type processing, # can identify the record. The b
address provides for addressing the entire storage. The basc address may also be used for

mdexing.

The index (X)) is a 64-bit number contamed in a general regster designated by the program
a tour-bit ficld, called the X field, in the mstrucoon. ¥t is included only m the address

specified by the RX-, RXE-, and RV -format instructions. The RX-~ RXE~, RXF-, and

R(Y ~format instructions pormit double mdexing; that i, the index can be used to provide

the address of an element within an array.

The dispiacement (0¥ s a 12-bit oy 20-bit nuwber comtaned 1n & held, called the I feld, w
the instruction. A 12-bit displacement is unsigned and provides for relative addressing of up
to 4,093 hyvies beyond the location designated by the base address. & 20-bit displacement 1s
stgned and provides for relative addressing of up to 524,287 bytes beyond the base address

cation or of up to 524,288 byies before &t In arrav-type calculations, the displacement can
be used to apecify one of many dtoms associated with an element. In the processing of

records, the displacement can be used to identify erns within a record, A 12-bit
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displacernent s in bit positions 20-31 of instroctions of corlan formats, In instroctions of

some fHrmats, & second 12-bit displacement also 15 in the istruction, in bit positions 36-47.

A 2(-bit displacement is in instructiong of ondy the RSY, RXY, or 8TY format. In these
instractions, the I Seld consists of a DL (ow) field in bit positions 20-31 end of a DH
{high fleld io b positions 32-39. When the Jong-displacement fsoility 15 instalied, the
numeris value of the displacement s formed by appending the contents of the DH fisld on
the lell of the contents of the DL fisld, When the jong-displacement facility is not Instalied,
the numeric vahue of the displacoment is formed by appending eight zero bits on the feft of

the contents of the DL field, and the contents of the DI ficld are ignored.

In thrrping the intermediate surn, the base address and index ave treated as 64-bir binary

o

aegers, A 1Z-bil displacement is treated as & 12-0t unsigned binary mteger, and 52 zero
bits are appended on the left. A 20-bit displacement is treated as & 20-bit signad bmary
mreger, and 44 bits equal {o the sign bit are appended on the lefl, The three are added as 64-
bit binary numbers, ignoring overfiow, The sum is always 64 bits long and is used as an
wmiermediate value to form the generated address, The bits of the indermediate value are
mumbered §-63, A zero nany of the B, B2, X2, or B4 ficlds indicates the absence of the
corresponding sddress compouent, For the absent component, & zero s used in frming the
mtermediate sum, regardless of the contents u? general regisier 9. A displacement of zero has

1o spectal significance.

When an istruction description specifies that the contents of g general register designated
by an R fisld are used to adidress an operand in storage. the register contents are used as the

640 indermediate valne,

A instruction can designate the same goneral rogister both for address compitution and as
the ocation of an operand. Address computation is compleied before vegisters, if any, are
changed by the opsration. Unless otherwise indicated i an individual instruction definition,

the generated operand address designates the lefimost byte of an operand m storage
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The generated aperand address is abways 64 bits long, amd the bits ave numbered §-63. The
mannar in which the pencrated sddress is obtained from the intermediate value depends on
the curvent addressing mode. In the 24-bi addressing mode, bits -39 of the ntermediale
value are ignoved, bits 0-39 of the generated addrass are foreed to be zevos, and bits 40-63 of
the intermmediate value hecome bits 40-63 of the gencrated address. In the 31-bit addressing
mode, bits 9-32 of the intermediate value are ignored, bits (32 of the generated address are
forced 1o be zero, and bits 33.63 of the mtermediate value become bits 33-63 of the
genersted address, In the 64-bit addressing mode, bits (263 of the mitermediate value become
bits §-03 of the genorated address, Megative values may be used i index and basc-address
registers, Bits 0-32 of these vahlues are ignored 1 the 31-bi addressing mode, and bils 0-39

are ignored m the 24-bit addressing mode.

For branch Instructions, the address of the next instruction to be exeouted when ihe branch is
taken is called the branch address. Depending on the branch instruction, the mstruchion
formar may be RR, BRRE, RX, RXY, RS, REY, R8L RL RIE, or RIL. Inthe RS, RSY, RX,
and RXY formats, the branch address is specified by a base address, a displacement, and, in
the RX and RXY formais, an index. Iy these formaty, the generstion of the inermediate

value follows the same rules as for the generation of the Gp@rﬁﬁd-ﬁddi‘@&ﬁ itermediate valne.

inthe RR and RRE formats, e contonis of the general vegistor destgnated by the B2 field
are used as the intermediare valus from which the branch address s formed. General register

O carmot be designated as containing a branch address. A value of zere in the B2 field causes

the instruction to be executed without brasching,

The relative-branch instructions are i the RS BRI, RIE, and RIL fbrmata. Io the RS RE
and RIE formats for the relative-branch instructons, the contends of the 12 figld are troated as
a PO-bit gigned binary infeger designating 4 nurnber of halfwords. In the RIL formal, the
coments of the 12 field are treated ap a 32-bit signed binary integor designating 3 nuimber of

2

halfwords, The branch address 15 the nomber of halfwords designated by the 12 fleld added

to the address of the relattve-branch instruction.

The Ad-bit intermediate value for a relative branch struction in the BSL R BIE, or RIL

format 18 the surmn of two addends, with overtiow from byt position 0 ignored. In the RSI RY,
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or RIE format, the first addend % the contents of the 12 field with one xoro bt appended on
the right and 47 bits cqual to the sign bit of the contents appended on the lef, except that for
COMPARE AND BRAMNCH RELATIVE, COMPARE IMMETHATE AND BRANCH
RELATIVE, COMPARE LOGICAL AND BRANCH RELATIVE and COMPARE
LOGICAL IMMEDIATE AWND BRANCH RELATIVE, the first addend is the contents of
the 14 fizld, with bits appended as described above for the 12 field. In the RIL format, the
first addend is the contents of the 12 field with one zero bit appended on the right and 31 bits
oqual to the sign bit of the contents apponded oo the left, In all Brmats, the second addend is
the 64-bit address of the branch instruction. The address of the branch wstroction is the
mstruction sddress w the PSW before that address is updated to address the next sequential
mstruction, or it is the address of the target of the EXECUTE fnstruction iIFEXECUTE i
used. JEENECUTE is used in the 24-bit or 31-bit addrassing mode, the address of the branch
mstruction is the target address with 40 or 33 zeros, respectively, appended on the Jofl.
The branch address I8 always 64 bits long, with the bits pumbered (463, The branch address
replaces bis 64-127 of the current PSW. The manner i which the branch addrass s
obtained from the intermedisie value depends on the addressing mode. For those branch
mstructions which change the addressing mode. the new addressing mode is used. In the 24~
bit addressing mode, bits 339 of the ioroediate valve are ignored, bis 0-39 of the ranch
address are made zeros, and bits 40-63 of the intermediare value become bits 40-63 of the
branch address. In the 31-bif addressing mode, bits 0-32 of the intermediste value are
gnored, bits (-37 of the tranch address are made zeros, and Bits 33-63 of the intermediate

-

value become bits 33-63 of the brunch address. In the 64-bit addressing mode, bits §-63 of

the intermediate vahie become bits $-63 of the branch addresas,

For se veral i branch instructions, branching depends on satisfving & specified condition. When
the condition is not satisfied, the branch 15 not taken, normal sequential instruction execution
continues, and the branch address 18 not used, When & branch s taken, bus 0-63 of the
branch addreaes replace bits 64-127 of the corrent PEW, The branch address s not used to
access storage as part of the branch operation. A specification exception due fo an odd

branch address and access exceptions due o fetching of the instruction at the branch location
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are not recognized as part of the branch operation but instead are recogrized as exeeptions

asgaciated with the execuiion of the mstruction at the branch location,

A branch instruction, such as BRANCH AND SAVE, can designate the same general
register hr branch address computation and as the location of an operand. Branch-sddress
coraputation iz completed before the remainder of the operation is parformed.

The programe-status word {FEWY, descuibed 1w Chapter 4 “Control” contams information
required for proper program execution. The PEW is usad to control instruction soquancing
and to hold and indicate the status of the UPU in relation wo the program currently being
execuied. The active or controlling PSW is calied the current PRW. Branch instractions
perform the functions of decision making, loop control, and subreutine linkage, A branch
instruction affects instroction sequencing by intreducing & new instruction address into the
current PSW. The relative-branch imstruactions with a [6-bit I2 field allow branching 1o 2
location at an offsct of up to phas 64K~ 2 bytes or minus 64K byies relative fo the location of
with 4 33-bat 12 field aliow branching o 2 location at an offsel of up to plus 4G - 2 bytes or
nsinus 440 bytes relative to the Jocaton of the branch mstruction, without the use of a base

regisier.

Facilities for decision making are provided by the BRANCH ON CONDITION, BRANCH
RELATIVE ON CONGITION, and BRANCH RELATIVE ON CONIHTION LONG
mstructions. These nstructions mspect a condition code that refiects the result of & majority
of the arithmetic, logical, and Y0 operations. The condition code, which consiats of two bits,

provides for fhur possible condition-code settings: 6, 1, 2, and 3.

The specific meaning of any setting depends on the operatipn that sets the condition code,
For example, the condition code refiects such conditions as zero, nonzero, frst operand Ingh,
equal, overflow, and subchannel usy. Onee set, the condition code remains unchanged until

modificd by an instroction that causes a different condiion code to by set.
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Loop control can be performed by the use of BRANCH ON CONDHTION, BRANCH
RELATIVE ON CONDITION, and BRANCH RELATIVE ON CONDITION LONG to test
the outeorme of address arithmetic and counting operations. For some particolarly Bequent
combinations of ar E?ﬂmaiiu and tests, BRANCH ON COUNT, BRANCH ON INDEX HIGH,
and BEAMNCH ON INDEX LOW OR BEQUAL are provided, snd relgtive-branch equivalents
of these msteuctions are also provided. These branches, being specialized, provide increased

performance for these tasks.

Subroutine limkage when a change of the addressing mode s not reguired 18 provided by the
BRANCH AN LINK and BRANCH AND SAVE mstructions, {This discussion of
BRANCH AND SAVE applics also to BRANCH RELATIVE AND SAVE and BRANCH
LATIVE AND SAVE LONG.) Both of these mstructions permi not only the introduciion
ol a new metruction address bat also the prescrvation of a return addroas and associated
information, The retumm address is the address of the mstruction Bllowing the branch
mstroction in storage, except that i 48 the address of the nstruction following an EXECUTE

instruction that has the branch mstruction as its farget.

Both BRANCH AND LINK and BRANCH AND SAVE have an R ficld. They form a
Branch addeess by roeans of lelds that depend on the mstruction, The operations of the
instructions are sununarized as fllows:

= In the 24-bif addressing mode, both matructions plsce the return address in bit positions 40-
63 of general vegister B1 and leave bits 0-31 of that register unchanged, BRANCH ANID
LINK places the mstruction-length code for the instruction and also the condition code and
program mask from the current PSW in bit positions 32-39 of geveral register R] BRANCH
AND SAVE places zeros in those bit positions,

= In the 31-bit addressing mwode, both wstructions ;}Ea o the return address in bit posiions 33-
63 and a ong i bit position 32 of general rogister R, and they leave bits (-3 of the rogister
unchanged.

» In the Hd-bit addressmg mnde, both mstructions place the return addrass i bit positions &~
63 of goneral register R

* 1n any addressing mode, both instructions generate the branch address gnder the control of

the current addressing roode. The fnstructions place bits 0-63 of the branch address n bit
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pogitions 64-127 of the PEW. In the RE forrat, both instroctions do not perform branching

if the R2 field of the instruction 1s zero.

§t can be acan that, in the 24-bif or 31-bit addressing mode, BRANCH AND SAVE places
the bagie addressing- mode bit, bit 32 of the PSW, i bt posttion 32 of general register R1.
BRANCH AND LINK does so in the 31-bit addressing mode, The instroctions BRANCH
AND SAVE AND SET MODE and BRANCH AND SET MODE are for use when a change
of the addressing mode 18 requived during bokage. These instructions have RY and RZ felds.
The operations of the Instructions are summarized as follyws:

« BRANCH AND SAVE AND SET MODE sets the contonts of general register RY the same
as BRANCH AND SAVE. In addivion, the instruction places the extended-addressing-node
bit, bit 31 of the PSW, inbu pGSiﬁm} 63 of the register,
= BRAMCH AND SET MODE, if R is nonzero, performs as foliows, In the 24- or 331 -bit
mods, it places b 32 of the PSW in bit position 32 of general register BRI, and 1t legves bits
0-31 and 33-63 of the register unchanged. Note that bit 63 of the register shoukd be zero if
the register contalns an instmuction address. In the 64-bit mnde, the insiruction placss bt 31

of the PSW (1 ove) in byt position 63 of general register R, and it leaves bits §-62 of the

register unchanged.
» Wheo RZ 18 nonzero, both satruchions set the sddressimg voode and perform branching as
follows. Bit 63 of general register R2 is placed in bit position 31 of the PEW . 1 bit 63 &s
zero, bit 32 of the rogister 8 placed in bi posttion 32 of the PSW. I hit 63 is one, PSW bit
37 ig set to one, Then the branch address ¢ generated frov the contents of the register,
except with bit 63 of the repister treated as g zoro, under the control of the new addressing
mode. The instructions place bits (-63 of the branch address in bit positions 64-127 of the
PEW, Bit 83 of gen&mi register R2 remains unchanged and, therefore, may be one upon

entry 1o the called program, IWR2Z s the same a3 R, the results w the designated general

register are as specified for the R1 register,

INTERRUFPTIONS (CONTEXT SWITCH)
The interruption mechamsm permits the CPU o change s state as g result of condivions
external to the configuration, within the configuration, or within the CPU #tselfl To permi

ast response to conditions of high priority and inunediate recognition of the fype of
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condition, interruption conditions are grouped into six classes: external, mput/output,

machine check, program, restart, and supervisor call

An inderruption consists in atoring the current PEW as an old PEW, storing information
identifying the cause of the mterruption, and fetching & new PEW. Processing resumes as
specifisd by the new PEW. The old PEW stored on an interraption normally contains the
address of the instruction that would have been executed next had the mterruption not
occurred, thus permitting resumption of the interrupted program. For prograrn and
superviser-call interraptions, the information stored alse contains a code that idennfies the
length of the last-execuded instruction, thus permitting the program to respond to the cause of

the interruption. In the case of some program conditions for which the normal respouse is re-

execution of the instruction causing the Interraption, the instruction address divectly

identifics the ihstruction last executed.

Exoept for restart, an nterruption can occar only when the CPU is in the operating state. The

vestart intermption can oocur with the CPL in either the stopped or vperating state.

Any aceess exception is recopnized as part of the execution of the wtraction with which the
seeption s associated. An access exception 18 nol recognized when the CPU attompts fo
preferch from an unavailable location or detects some other access-exception condition, but a
branch instruction or an inferraption changes the instruction sequence such that the
instruction is not executed. Every instruction can CRUSE an access excaption to be recogned
hecause of instruction feich, Additionally, acoess exeeptinns associated with instruction
execution may occur becanse of an access to an operand in storage. An access exception dus
o fetching an instruction is indicated when the first instruction hulfword cannot be fetched
without encountering the excoption. When the first halfword of the instruction has no access
exceptions, access exceptions may be ndicated for sdditionsl halfwords according to the
instroction length specified by the first two bits of the instruction; however, w%zerﬁ,_ the
operation can be perfprmed without accessing the second or third halfwords of the
instruction, it is unprediciable whether the access exception 18 mdicsted for the noused part.
Since the indication of access excephions for ingtruction fetch is common o all instructions,

it is not covered 1n the individual instroction definitions,
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Except where othevwise mdicated in the individual ingtruction desoription, the following
riies apply for exceptions associated with an accsss 0 an opcrand lovation. For a fotch-type
operand, access exceptions are necessarily indicated only for that portion of the operand
which is reguired for completing i:he aperation. I is unpredicta‘ﬂée whether access exceptions

are indicated for those portiens of & foteh-type operand which are not required for

completing the operation.

For a store-iype operand, access exoeptions are recognized for the entire operand even i ihe
operation could be completed without the use of the insccessible part of the opersnd. In
sttuations where the value of a store-type operand 15 defined to be unprodictable, it i3
unpredictable whether an access exception is indicated. Whenever an accoss to an operand
location can CHUSe an 300088 exception 10 be recognized, the word “access” is mcluded m the
st of program exceptions i the desoription of the Instruction. Tlhis entry also indicates
which operand can cauge the exeeption to be recognized and whether the excention 18
recognized on a fetch or siore access to that operand location. Access exceptions are

recognized only fow the portion of the operand as defined for each particular mstruction.

An pperation exception 15 recognized when the TP étempw to execute an instruction with
that oper’atima, code may not be installed on the CPUL The operation i3 suppressed. The
mstruction-length code is 1, 2, or 3. The operation cxeeption 15 indicated by a program

avierraption code of Q001 hex (or G081 hex if 2 concurrent PER event i3 indicated).

Some medels may offer nstructions not described m this publication, such as those provided
for assists or as part of special or custom features. Consequently, oneration codes not
described mn this publication do vot necessarily cause au oporation exeeption io be
recogiized. Furthermore, these mstructions may cause modes of operation to be set up or
may otherwise alter the machine 8o as to affect the execution of subsequent instroctions. To
avoid causing such an operation, an instruction with an operation code not described 1 this
publication should be executed only when the specific function associated with the operation

code 18 desirad
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A specification exception is recognized wheo any of the followmg s frue:
i, A ene is infroduced into an unassigned bit position of the PSW {that i3, any of bit
positions 0, 2-4, 24-30, or 33-63}. This is handled as an carly PSW specification exception,
Z. Aone is introduced into bit position 12 of the PEW, This is handled as an early PEW
specification exception.
3. The PEW s invalid in any of the following ways: a. Bit 31 of the PEW 8 one and bit 32 is
zero. b, Bits 31 and 32 of the PSW are zere, mdicating the 74-bit addressing mode, and bits
64-103 of the PSW gre not all zoros. o Bit 31 of the PSW 18 zero and bit 32 15 one,
imdicating the 31-bit addressing mode, and bits 64.96 of the PSW are not all zeros. This 15
handled as an carly PSW specification exception.
4. The PSW contams an odd instroction address,

3. An operand address does not designate an integral boundary in an instruction reguiring
such integral-boundary designation.

An odd-numbered general register 8 designated by an R ficld of an instruction that

requires an even-numbered register designation.
7. A floating-point register other than 0, 1,4, 5, 8,9, 12, or 13 is designated for an extended
operand.
8. The multiplier or divisor in decimal arithimetic exceeds 15 digits and sign.
3. The length of the fiwst-operand held 1 less than or egual 0 the length of the second-
operand field in decimal mudtiphication or division
10, Execution of CIPHER MESSAGE, CIPHER MESSAGE WITH CHAINING,
COMPUTE INTERMEDIATE MESSAGE DIGEST, COMPUTE LAST MESSAGE
DIGEST, or COMPUTE MESSAGE AUTHENTICATION CODE 1« attempted, and the
function code in bits 57-03 of general register O contam an unassigned or uninstalied
function code.

i1, Execution of CIPHER MESSAGE or CIPHER MESSAGE WITH CHAINING i
attempied, and the R1 or R2 field designates an odd-nuimbered register oy general register O
12, Execotion of CIPHER MESSAGE, CIPHER MESSAGE WITH CHAINING,
COMPUTE INTERMEDIATE MESSAGE DIGEST or COMPUTE MESSAGE
AUTHENTHCATION CODE is atteropred, and the second operand length s not o muliiple
ol the data block size of the designated function, This specification-exception condition does

not apply to the query functions.
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13, Exccution of COMPARE AND FORM CODEWORID is aticropted, and general registers

i, 2, and 3 do not mitially contain even velues,

33, Execution of COMPARE AND SWAP AND STORE i atternpied and any of the
following conditions exist

» The funciion code specifies an unassigzacd value,

« The store characteristic apecifies an unassigned value.

« The function code is O, and the first operand is not designated on a word boundary.

» The function code i3 1, and the st operand is not designated on a doubleword boundary.

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

33. Execution of COMPARE LOGICAL LONG UNICODE or MOVE LONG UMICODE 8
atternpted, and the contents of either general register R1 + 1 or B3 + 1 do not specify an cven
aumiher of bytes.

34, Execution of COMPARE LOGICAL STRING, MOVE STRING or SEARCH STRING
is attempted, and birs 32255 of general register O are not all zeros.

35, Execution of COMPRESSION CALL 8 atternpted, and bits 48-51 of general register §
have any of the values 0000 and 0110-111 1 binary.

34, Execution of COMPUTE INTERMEDIATE MESSAGE DIGEST, COMPUTE LAST
MESSAGE DIGEST, or COMPUTE MESSAGE AUTHENTICATION CODE 3 attempicd,
and either of the following is trae:

« The B2 ficld designates an odd-numbered register or general register 0.

* Bit 56 of general vegister § 15 not ze1o

37. Exccution of CONVERT HFP TO BFP, CONVERT TO FIXED (BFP or HEP), or
LOAD FP INTEGER (BFP) i attempted, and the M3 field does not desipnate a valid
modifior,

38, Execution of DIVIDE TO INTEGER is attempted, and the M4 field does not designate s
valid modifier.

39, Execution of EXECUTE s attermpted. and the target address 18 odd.

40, Execntion of EXTRACT STACKED NTATE s atterpled, and the code tn bit positions
56-63 of general rogister B2 is greater than 4 when the ASN-and-LX-rense facility 1s not

installed or i3 greater than § when the facility i3 installed.
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41, Exerution of FEND LEFTMOST ONE i attempted, and the RI field designates an
oddmmbered rogister.
47, Execution of INVALIDATE DAT TARLE ENTRY s atternpted, and bite 44-51 of
general register R2 are not all zeros.

43, Execution of LOAD FPC i« atterpied, and one or more bits of the second operand
corresponding o unsupported bits in the FPO register are on

44, Execution of LOAD PAGE-TABLE-ENTRY ADDRESS s attempted and the M4 feld
of the mstruction comtains any value other than 0000-6100 binary,

45 Exccution of LOAD PSW s attompted and bit 12 of the doubleword at the second-
operand address is zero. 1t 13 model dependent whetber or not this exception i recognized,
46, Execution of MONITOR CALL is attompted, and bit positions 8-11 of the mstruction do
1ot contam zeros.

47, Execution of MOVE PAGE s attempted, and bit positions 48-31 of goneral register ¢ do
not contain zeros or bits 52 and 33 of the register ave both one.
4%, Execution of PACK ASCH iy atternpted, and the L2 field is greater than 31
4%, Fxecution of BACK UNMICODE i« aitempied, and the L2 ficld is greater than 63 or s
SVETI

56, Exeoution of PERFORM FLOATING POINT OPERATION is attennpted, bit 32 of
general vegster 18 zore, and one or wore folds i bite 33- 63 are trvalid or designate an
wninsialied function.

51. Execution of PERFORM LOCKED OPERATION s atternpted, and any of the following
is trie:

= The T bit, bit 55 of general register @ s zero, and the function code in bits 36-63 of the
register is invahid.

+ Bitg 32-54 of general register § are not all zeros,

= In the access-regisier mode, for function codes that cause use of a parammeter Hst contatning
s ALET, the B3 ficld s zero.

52, BExecution of PERFORM TIMING FACHLITY FUNCTION is atternpted, and either of
the following is true:

« Bit 56 of general register O 18 not zero

= Btz 57-63 of general register 0 specify an unassigned or uninstalied function code.,
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53, Exccution of PROGRAM TRANSFER or PRUGRAM TRANSFER WITH INSTANCE
is atteropted, and ali ofthe following are trae:
« The entende dﬁafigir_‘e&smgwma}d«:e It i the POW s zero.
= The ifas;;.{:~adc§résa§ngnnmde bit, bit 32, i the general ragister designated by the RZ feld of
the instruction i zero.
o Bits 33-39 of the fnstruction address in the same register are not all zeros,
54. Exceuticn of RESUME PROGRAM 15 attermpted, and either of the following s true
= Bits 31, 32, and 64-127 of the PSW ficld 1 the socond operand are not valid for placement
in the current PSW. The exception is recognized if any of the following is true:
— Bits 31 and 32 are both zero and bits 64-103 are not all zeros,
- Hits 31 and 32 are zovo and one, rospectively, and bits 64-96 are not all zeros,

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

-~ Bit 127 is one.
» Bits O~ 17 of the parameter hst are not all zoros,

55, Execution of SEARCH STRING UNICODE is atterpred., and bits 32-47 of geveral
register § are not all zeros.
56, Bxecution of SET ADDRESRS SPACE COMNTROL or SET ADDRESS SPACE
CONTROL FART is atterapted, and bits 52 and 53 of the second-operand address are not
both zeros,
57, Execution of BET ADDRESSING MODE (SAMZ4) is attempted, and bits §-39 of the
ureupdated nstruction address in the PSW, bats 64- 103 of the PEW, are not all zeros.
58, Exegution of SET ADDRESSING MODE (SAMI 1) is attempied, and bits (-32 of'the
un-updated matruction address in the PSW, bits 64-96 of the PSW, are not all zeros.
59. Execution of SET CLOCK PROGRAMMABLE FIELD is attempted, and bits 32-47 of
oeneral rogister & are not all zeros.
68, Execution of SET FPC is attempted, and one ot move bits of the frst eperand
corresponding to unsupported bits i the FPC register are one.
a1, Execution of STORE SYSTEM INFORMATION i attempted, the function code m
general register iz valid, and either of the following is true:

rouister | oare not all zeros,

£

« Bits 36-55 of general register O and bits 32- 47 of peneral

= The second-operand address is not aligned on a 48.-byle boundary.
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&2, Exccution of TRANSLATE TWO TO ONE or TRANSLATE TWO TGO TWO
atterapted, and the length in general register By« does not spectfy an oven numiber of bytes.
63, Execution of UNPACK ASCH i« attempled, and the L1 field is groater than 31

64, Execution of UNFACK UNICODE i attempted, and the L1 field is greater than 63 oria
EVETL

63, Execution of UPDATE TREE is attempted, and the ivitial contents of gensral registers 4
anid § are not a mukiple of 8 in the 24-bat or 31-bit addressimg mode or are not g mauliiple of
16 in the 64-bit addressing mode, The exccution of the lnstruction dentified by the old PSW
is suppressed. However, for carly PEW spocification exceptions {oauses 1-3) the operation
that mtrodoces the new BSW is completed, but an ntercuption ocours nmomediately
thereafter. Preferably, the instruction-length code (JLCY s 1, 2, or 3, indicating the fength of
the Ingtruction causing the cxception. When the instroction address is odd {esuse 4 on page
6333, It is unprediciable whether the TLO i 1, 2, or 3. When the exception is recognized
because of an early PSW specification excentivn (causes [-3) and the exception has been
mtroduced by LOAD PSW, LOAD PEW EXTHENDED, PROGRAM RETURN, or an
CADDRESSING MODE
{(BAM24, SAMIYY, the ILC 5 1, or it 18 2 i SET ADDRESEING MODE was the farget of
EXBCUTE, When the exception is introduced by SET SYSTEM MASK or by 8TORE
THEN OR SYSTEM MASK, the ILC 8 2

wmterruption, the FLC s G, When the excapiion s introduced by SE'T

Program micrraptions are used to report exceptions and events which ocour during execution
of the program. A program interruption causes the old PEW 0 be stored at real locations
336-351 and a new PAW to be fotched from real locations 464-479 The cause of the
nterruption is identified by the interruption code. The interruption code 18 placed at real
tocations 142-143, the instruction-length code is placed in bit positiong 5 and & of the byvie at
sal Incation 141 with the rest of the bits sob to zeres, and zeroes are siored at real location
148, For some causcs, additional mformation Wentifving the reason for the mterraption i
sinred at real Jocations 144-183, If the PER-3 fcility 15 insiglied, then, a5 part of the
program interruption aciion, the contents of the breaking-eveni-address register avs placed in
real storage locations 272-279. Except for PER events amd the crypio-operation exception,
the condition cavsing the interruption 18 indicated by 2 coded value placed i the rightmost

4

seven bit positions of the inforruption code. Only one condition at g thne can be indicated.
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Bits -7 of the interrupiion code are st to zeros. PER events are indicated by sctting bit 8

the interruption code to one. When this is the only condition, bits (-7 and 9-15 are also set o
zeros, When s PER event Is indicated concurrently with another program interruption

condition, bit € 15 one, and bits (-7 and 9-15 are set as for the other condition. The erypto-

{}pcrzﬁiifsn exception is indicated by an interruption code of 6119 hex, or 0199 hex if 2 PER

event s aleo indicated,

When there 16 2 corresponding mask hit, & prograrg interruption cav ocour only when that
mask bit (s one. The program mask in the PSW controls fhur of the exceptions, the IEEE
masks i the FPC rogister control the TEEE exceptions, bit 33 incontrol register O controls
whother SET SYSTEM MASK causes a special- operation exception, bits 48-63 in control
register 8 control interruptions due to menitor events, and g hierarchy of masks control
interruptioms due to PER events, When any controiling mask bit is zero, the condition is

ignored: the condition does not remain pending.

When the new PSW for a program imtorruption has a PEW-format error or causes an
sxeeption o be recognized in the process of msirection fetchmg, a stiing of program

interruplions may oocur.

Sorae of the conditions indicated as program exceptions may be recognized also by the
channel subsyster, in which case the exooption 15 indicated in the subchannel-status word or

axtended-status word.

When a data exception causes 2 program interrepiion, o data-exception code {INC) s stored
at Iocation 147, and zeres arg stored at locations 144-146. The DX distinguishes between
the various types of data-exceplion condilions. When the AFP-register (additional floating-
point Tegister) control bit, bit 45 of control register 0, 1s one, the DXC s also placed in the
DX ficld of the fleating~-point-conirol (FPO)Y register, The DBXC Held in the FPC register
remaing unchanged when any other program excepiion is reported. The DXC & an B-bit code

mdicating the specific cause of & data exception.
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DXC 7 and 3 are mutually exclosive and are of higher priority than any other IO, Thus,
for example. DXC 2 {BFP instruction) takes precedence over any IEEE exception; and DNC
3 {DFP instruciion} takes precedence over any IEEE exception or simulated IEEE exception.
As another example, i the conditions for both BXC 3 (DFP instraction) and DXC 1 (AFP
register) exist, DO 3 is reported. When hoth a specification exception and an AFP register

data exception apply, it is unpredictable which one is reported.

An addressing exception s recogozed when the CPU alteropts fo reforence a mam-storage
tocation that is not available in the configuration. A main-storage boation s not available m
the configuration when the location s nof installed, when the storage onit i not w the
configuration, or when power is off in the storage unit. An address designating a storage
location that is not available in the configuration 1 referred to as mvalid, The operation is

suppressed when the address of the instruction 8 jnvalid. Similarly, the operation 18
suppressed when the address of the target mstruction of EXNECUTE 18 fnvalid, Also, the unit
of aperation 15 sappressed when an addressing exeeption is encountered in accessing a table
or tahle entry. The tables and table entries to which the rule applies are the dispatchable-nnii-
contro! table, the primary ASN second- table entry, and entries in the aceess Hat, region frst
table, region second table, region third table, segment tabie, page table, Hnkage table,

linkage- fvst table, Hokage-sccond table, entry table, ARM fust table, AZM scoond table,
authority table, inkage stack, and trace table. Addressing exceptions result in suppression
when they are encountered for references to the region first table, region secomd table, region
third table, segment table, and page table, in both irmplicit references for dysamic addresa
framsiation and references assnciated with the exeention of LOAD FAGE-TABLE-ENTRY
ADDRESS, LOAD REAL ADDRESE, STORE REAL ADDRESS, and THST

BPROTECTION. Simitlarly, addressing oxceptions for accesses o the aispatchable-unit

control table, primary ASN-second-table entry, access Hst, ASN second table, or authonty
table vesult in suppression when they are encountered in access-register translation done
either implicitly or as part of LOAD PAGE-TABLE-ENTRY ADDRESSE, LOAD BEAL
ADDRESS, STORE REAL ADDRESS, THST ACCESS, oy TEST PROTECTION. Hxeept
for some specific mstructions whose cxecution is suppressed, the operation is ternunated for
an pperand address that can be translated but designates an unavailable location. For

termination, changes may cocur only to result fields. In this context, the fenm “result Held”
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includes the condition code, registors, and any storage locations that ave provided and that

are designated te be changed by the instruction.

The foregoing is usefisl in understanding the werminology and atructure of one computer
systern embodiment. Embodiments not Hrited to the z/Architecture or o the description
provided thereof. Embodiments can be advantageously applied o other coroputer

architectures of other computer manufaoturers with the teaching herem.

Different processor architectures provide z hmited number of peneral registers {GRgh
sornetitass referred o as general purpose registers, thaet are exphoitly {and/ov waphicitiy}
identificd by mstructions of the architected mstruction set. IBM z/A&rchitecture and s
predecessor architectures {dating back to the original Systemn 360 circa 1964} provide 16
geperal registers (GRS} for each central processing unit {UPU), GRs may be used by
processors {central processing unit {CPLD) instructions as follows:

Aa a source operand of an arithmetic or logical operation.

As g target operand of an arthumetic or logical operation

As z the address of 2 memory operand {either & base regisier, index register, or diregty ),

A the length of & memory operand.

Other uses such as providing 2 function code or other information to and from an instruction.

Lntif the introdoction of the IBM #/Architecture mainframe in 2000, & mamframe general
register consisted of 32 bits; with the introduction of /Archiiecture, a general registe
consisted of 64 bits, however, for compatibility reasons, many 3/ Aschitecture instructions
continue to support 32 bits,

Sirmlarly, other architectures, such as the 286 fom Inied® for example, provide
compatibility modes such that a current machine, having, for example 32 bit registers

-~

provide modes for mnstructions to access only the first 8 bits or 16 buis of the 32 bt GR.

Even in carly IBM System 360 enviromrnents, 16 registers (dentified by a 4 bit register field
0 an mstruchion oy example) proved o be dauniing to assembler programmers and compiler

7

designers. A moderately-size program could require several base registers to address code
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and data, miting the number of registers available 1o hold active variables. Certain

techiigues bave boon used 0 address the Himited number of registors:

PFrogram design {as simple as modular programmiing ) belped to mintraze basa-ragister

overaiilization,

Compilers have used techaigues such ag register "eoloring” fo manage the dvnanue

T a&_«jwmmm of *urm T8,

Base register usage can be reduced with the following:
MNewer arithmctic and logical instructions with immediate constants (within the mstruction).
Newer instructions with relative-immediate operand addresses

Mewer tnstractions with long displacemonts.

However, there remaing constant register pressure when there are move live variables and

addressing stope than can be acconunodated by the number of registers in the CPU.

z/Architecture provides three program-selectable addressimg modes: 24+, 31+, and 64-bit
addressing, However, for programs that neither require 04-bil values nor exploit &4-bi
memory addressing, having 64-bit GRS 15 of lmited benefit. The following disclosure
describes 3 technique of exploting 64-bif regivters for programs that do not generally use

&4-bit addressing or variables.

Within this disclosure, a convention is used where bit positions of registers are pumbered in
ascending order from keft o right (Big Endian}. o a 64-bit register, bit O {the leftmost bit)
epresents the moost wgr&**wmr‘ value {27 and bit 63 {the rightmaost bif) represents the least
significant value {27}, The leftmost 32 bits of such a register (bits §-31) ave catled the high
word, and the vighimost 32 bits of the regster (bits 32-83} are called the low word where a

word is 32 bits,
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HGH-WORD FACILITY

A new suite of general lnstructions (that 15, nstructions available to an application program)
is introdaced to exploit the high word (the most-significant 37 bits) of a 64-bi general
regisier when the CPU s in 32 bit mode. The program can employ the new instructions o
sooess the hidden (previoushy unavailable) high words of the GPR i addition o the old
mstroctions which continge o be ragtricted to the Jow words.

Referring to FIG, B, & progravs written io an architecture having 16 or 32 bit regisiers may be
ron on & newer version of the architecture supporting 64 bit registers. The program written
for, say, 8 32 bit mode s only aware of 32 bit registers, and typically 32 or fower Jogieal
address bits. An Operating System {08} 801 m 2 64 bit archifected computer system may
support mrograms written for 64 bit mode 803 as well a8 programs written for 32 bit mode
802, A context switch operation 804 in such o machine will save BG5S the 64 bit registers 43
well 98 the Program Stamns Word (PSW) when switching between programs sndfor the
operating systern independent of whether the Application program 802 883 was in 32 or 64
bit mode. Thus, a 32 bit program running in 32 bt mode on a 64 bt machine under coutrol
of o 64 bit operating system, will have iis rogisiers saved and rostored during cortain context
switches, The computer system and operating system may actually save and restore 8835 all
54 bits of the genersl reglsters during the contexd switeh, even though the program subject lo
the context switch is running o a 32 bit mode. Thus, the program sees only haif ol ths
registers, onby 32 bits of the 64 bits of cach register. The other 32 bits of the implemented
agisters 3 “hidden’” from the 32 bit program, The 32 bits of the known registers, may be
used for addressing, and even though the computer system supports 64 bits of addressing,
the G8 can manags via Dynamic Address Transiation, such that only 32 bits of address are
manipuiated by the 32 bit program in 32 bit mode. The 32 bit mode may be thought of as
fow-word mode sinee the progranm & only witlizing the low word {32 by word) of 2 double
word (64 bit) register. An Application Program operates under controf of the OS5, and
mvokes the OX in order to have the OF perform certam functions. This "mvoling™ s
performed by the contexrt switch 804 that saves state of the application program and loads
state %05 of the O8 o be performed, where the OF beging execution at the address provided
by the context switch, The (8 can then invoke one of the application programs by a context

switch 804 to permit the application program o run. In some applications, use of resources 18
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suypporied by permiting cach application, 2 time-shice of operation and a context switch 304
15 used to “interrupt” the active program after an elapsed time in order to pexmit the OS5 o

dispatch another application program for snother time-shice,

The availability of the High-Word facility may be controlled by & bit or a field m the
ynachine that must be set to enable the Figh-Werd facility. When the High Word taeility 4
enabled, fhe 32 bit program can take sdvantage of the “hidden” part of the register by
sxecuting new “high-word facility” lnstructions, Other new “high-word fclity” istrochions

may be provided that provide new function to mstructions wsing low-word registers.

In most of these instructions, only the high word of the registers is manipnlated. In certain
mstructions, variants sre provided fo manipulate the high word of one source register with
the low word of another source register, the resulf being placed in the bigh word of s targst
register (o, AHHLR) RISBLG provides & low-word analog o the igh-word RISBHG
instroction. RESBHG and RISBLG provide great flexibility in implementing a mumber of
paeudo-instrucrions {with assistance from the assemblar program).

As mentioned above, processor archifectures employ General Purpose Begisters (GPHEs),
awatlable to the Istvaction Set of the erchitecture, A progran can take advantage of data
being i the GPRs, which roay be implemented in high spesd memory such as embedded
latches on a chip, for faster performance than having the data in slower main store, which 3
often implemented by complen dynamiv address translation mechanisms. In some
architectures such as k86 having 64 GPRe, the size of cach GPR hax been increased
svnhitionary from § bits to 16 Bits, 372 bits and currently 64 bits, However the sumber of
GPRs available to an instruction ({64 for x86) determined by a nurnber of bits (6 for x86) of
2 GPR fleld within an instruction) remains the satoe 3o that programs writien for an older
nstruction having 8 bit GPRs for example, will still run on newsr architectures having 32 b
(GPRs for exarpple, Thus, a machineg having 32 bit GPRs operating 10 8 bit mode, wall
provide access to only the lower 8 bits of each 32 bit GPR. However, during a context
switch, the 32 bit Operating System {O5) will always save and restore the full 32 bits of each

PR,
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In an IBM 2/ Architecturs oplomentation, s wachine may have 16 GPRs, cach GPR.
consisting of 64 bits {bits 0-63) but may ran an application program written for 32 bit
registers in 32 bit yoode, The 32 hits may be the low order 32 bits of the GPR {(bits 32-63),
where the high order 32 bite (bits §-31) are not avatiable (hidden) in & 22 bt mode of
operation. The spplication program has no way of utilizing the high order 32 bits of the
GPRs as they are wnvisible to the program. The application program, i an example, way
have been writlen for a 32 bit machine of g prior generation of the machine having only 32

3

bl registors and addressing 24 or 37 bils of logical addresses 1o memory, The 32 bt roode
cnablos the cxampde 32 bt appl EC&ETOB program o run on & newer machine having an
architecture supporting 64 bits of GPRa, having a 64 bit Operating Svatem (O8) and
supporting £4 bit apphication programs in 64 bit mode. In another machine architecture
detined for 32 bit GPRs. a st of 32 bit “hidden GPRY” mav be provided that are fnvisible to

anplication programs.

A UHigh-Word Facility mode™ is provided that enables & subset of instructions to acceas the
hidden or High Order GPRs, while the remaining set of instructions have acoess 1o the

architacied or Low Order GPRs,

Prefosably, In “High-Word Facility mode”, the subsel of Dnstructions may ovly access the
Fhagh Order GPRs tn one implementation, but in another iroplementation, the subset of
mstructions may define GPR fisld as being directed to the High Order GPRx and another

GPR feld as being directad 1o the low order GPRs.

In another preferved implementation, in “High-Word Facility mode”, only low order OPRg

can be used for generating mam memory addresses.

fn an implementation, appiications sxecuting n “High-Word Facility mode™ can co-oxist
with applications not executing jo “High-Word Facility mode”. The apphications not m
High-Word Facility mode may be 32 bit GPR applications or 64 bit GPR applications. In
this exampie, GPRs of o machine are utilized having 64 bits with applications written for
GFRs utilizing 32 bits, however, the present embodiments would provide advantage in GPRs

of a machine with any number of bits (16, 24, 32, 48, 84, 12¥) ronoing applications written
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for GPRs having fower nureber of bits (8, 16, 24, 32, 4%, 64} Furthermore, Figh-Word
Facility mode hidden rogistors may urilize only & designated portion of the hidden GPRs,
such that, i the 32 bt application program of the previcus example, the hidden registers

ailable in Migh-Word Facility mode for some mstructions may be the low order 8 or 16
hits of the high order 32 bits of the 64 bit GPRs, while other hidden registers may be the
high srder 8 or 16 bits of the high order 32 bis of the 63 bit GPRs for exarople. The teaching
of embodiments s presented using o/ Architeeture snd/or x86 archiieciure, however, other

implementations are readily apparent 1o one of average akill, in light of the teaching herein.

in an example o/ Architecture embodoment, for selected 32-bi instructions, the Mgh-word
faciliny effoctively provides sixtoen additional 32-bit registers (high word ?egis‘te:rzé} by
utilizing previcusly unavailable high order bits §-31 of the sixteen 64-bit general registers
{biig (-633, In an embodirpent, the High-Word facility may epable the fullowing instructions
with mnenonics indicating the function (AHHHR for ADD HIGH for example):

o ATD HIGH (AHHHR, AHHLE)

« ADD IMMEDIATE HIGH (ATH;

= ADD LOGICAL HIGH {ALHHHR, ALHHLR)

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

= BRANCH RELATIVE ON COUNT HIGH (BROTH)

« COMPARE HIGH (CHHR, CHLR, CHF)

« COMPARE IMMEDIATE HIGH (CIH)

s COMPARE LOGICAL HIGH (CLHHR, CLHLE, CLHF)

« COMPARE LOGICAL IMMEDIATE HIGH (CLIH)

« LA BYTE HIGH (LBHD

« LOAD HALFWORD HIGH (LEH)

= LOAD HIGH (LFH)

« LOAD LOGICAL CHARACTER HIGH (LLCH)

« LOAD LOGICAL BALFWORD HIGEH {LLHID

« ROTATE THEN INSERT SELECTED BITS HIGH (RISBHG)

« ROTATE THEN INSERT SELECTED BITS LOW (RISBLG)

= STORE CHARACTER HIGH (3TCH)

« STORE HALFWORD HIGH (STHED
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- STORE HIGH (STFH)
o SUBTRACT HIGH (SHHER, SHHLE)
s SURTRACT LOGICAL HIGH (SLEHHR, SLHEHLE)

The following additional gencral 1nstructions may be gvailable when the interlocked-actess
facility iy installed:

« LOAD AND ADD (LAA, LAAG)

» LOAD AND ADD LOGICAL {LAAL, LAALG

» LOAD AND ANDH{EAN, LANGY

« LOAD AND EXCLUSIVE OR (LAY, LAXS)

« LOAD AND OR (LAG, LA

« LOAD PAIR DISJODRNT {(LPD, LPD()

The following addinonal general instructions may be available when the load/store-on-
condition facility is instalied:

« LOAD ON CONDHTION (LOC, LGOC, LOGROC, LROO)

s STORE OM CONDITION (STOL, 8TGOC

The following additional general inatructions may be available wheo the distmet-operands
facility is inatalied:

s ADD (ARK, AGRED

« AP IMMEDIATE (AHIE, AGHIK)

« ADD LOGICAL (ALRK, ALGRE)

o ADD LOGICAL WITH SIONED IMMEDIATE (ALHSIK, ALGHRK)
« AND (NRE, NGRE)

= EXCLUSIVE OR (KRE, XGRK)

= OR {ORE, OGRKD

« SHIFT LEFT SINGLE (SLAK)

« SHIFT LEFT SINGLE LOGICAL (SLLK)

« SHIFT RIGHT SINGLE (5RAKS

» SHIFT RIGHT SINGLE LOGH AL {(S8R1K)

= SUBTRACT (SRE, SORE)
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« SUBTRACT LOGICAL (SLREK, SLGRK)
EXAMPLE HIGH-WORD INSTRUCTIONS

The following are example instructions that may employ the High-Word facility.

AL HIGH (BRF tormat)
When the instruction 18 executed by the computer system,_ the second operand i gdded 1o the
third operand, and the sum s placed at the Gest-operand location. The operands and the sum
are treated as 32-bit signed binary mtegers, The first and second operands are in bits §-31 o
general registers B0 and R2, respectively; bits 32-63 of geveral remster R are unchanged,
and bits 32-63 of general register R2 are ignored. For AHHHR OpCede. the third operand 15
m bits O-31of general register R3; bits 32-63 of the rogister are ignoved. For AHHLE

H

OpCode, the thivd operand s i bits 32-63 of general register B3, bits §-31 of the register are
ignored. When there is an overflow, the result s obtained by allowing any carry into the
sigi-bit position and ignoring sny carry out of the sign-bit position, and condition code 3 is

set, If the fixed-pomt-overflow mask 18 one, a prograin nferrapiion for fixed-point overtlow

SLOUTE,

Resulting Condigon Cods:

O Beault zerg, no overfiow

1 Result less than zero; no overflow

2 Resull greater than zero: no overflow
3O

verflow

Program Exceptions:

« Fizod-point overflows Opervation Gf the igh-word facility 18 not installed)

ADD IMMEDIATE HIGH (RIL forreat)

When the insfruction is executed by the computer aystern, the second operand s added to the
firgt operand, and the sum is placed at the first-operand location. The operands and the sum
are treafed as 32-bitsigned binary integers, The first operand s in bita0-31 of general register

R1; bits 32-63 of the veglster are unchanged. Whern there is an overflow, the result is
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obigined by allowing any carry into the sign-bit pusition and ignoring any carvy out of the
sign-bit position, and condition code 3 1s set. If the fixed-point-overflow mask is one, a

program mierruption for fixed-pomt overflow cocurs,

Resulting Condition Code:
O Result zero, no overflow
I Result loss than zere; no overflow

2 Result greater than zerg; no overflow

Program Exceptions:
= Fixed-point overflow

R
]

» Operation (G the high-word factiity is not installed)

ADD LOGICAL HIGH (REF format)

When the instruction is executed by the computer system, the second eperand s added to the
third operand, and the sum s placed at the ﬁrh‘h&gﬂ%remd tocation. The oporands and the sum
are treated as 32-bitunsigned binary integers. The first and second operands are in bits (.31
of general registers B1 and R2, respectively; bils 32-63 of geneeal voginter R are
unchanged, and bits 32-63 of general register R2 are ignored. For ALHHHR OpCede, the
third operand is in bitsl-31 of general register B3, bits 32-63 of the register are wgnored. For
ALFMHLE OpCode, the thied operand is in bis32-63 of general register R3; bits §-31 of the

register are gnored.

Hesulting Conditton Code:
{# Result =ero; no carry

i Result not zoro; no carry
2 Besult zero; oy

3 Resulf not zero) carry

Program Bxcephions:

= Omeration (if the high-word facility i3 not installed)
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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 s treated as a 32-
bit signed binary integer. The first operand 1s in bits 0-31 of general register R1; bits32-63 of

the register are unchanged.

RBesulting Condition Code:

For ALSIH, the code 1s st as Tollows:
{ Resull zoro; no camry

i Resuit not zero: no carry

2 Result zavo; cary

3 Result not zero; carry

For ALSIFIN, the code remmaing anchanged.

Program Exceptions:

s (peration F the bigh-word facility is not matalled)

BRANCH RELATIVE ON COUNT HIGH (R, RIL fonmnat)
When the instruction is executed by the computer systern, A one 18 subiracted from the first
operand, and the result is placed at the first-operand Iocation. For BRANCH RELATIVE
OB COUNT (BROT OpCode), the first operand and result are treated as 32-bit binary
integers i bits 32-63 of grum“j,} register B1, with overflow ignored; bits §-31 of the register
are unchanged. For BRANCH RELATIVE ON COUNT HIGH (BRCTH OpCode), the first
operand and result are freated as 32-bitbmary integers in bits 8-31 of peneral register R,
with overflow ignored; bits 32-63 of the register are unchanged. For BRANCH RELATIVE
OM COUNT (BRCTG Oplede), the frst operand and result are treated aséd-bit binary
mtegers, with overflow iguored. When the result is zoro, normal instraction sequencing
procesds with the updated insiruction address. When the resule is not zero, the mstruction
address in the current PSW is replaced by the branch address. The contents of the 12 field are
2 signed binary mteger specifving the nuinber of halfwords that is added to the address of the

instruction o generate the branch address.



10

15

20

25

30

WO 20117160726 PCT/EP2010/067048
52

Condition Code: The code remaing unchanged.

Program Exceptions:

» Oneration {BROTH, i the high-word factlity 15 not installed)

Bropranurung 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 fivet operand and reqult oan be cousiderced as either signed or uosigned binary indegers
since the result of a binary subiraction 18 the same in both cases.

3. An initial count of one results in zeve, and no branching takes place; an inttial count of
zero vesulis in - and causes branching to be exccuvied; an indtial count of -1 resalfs in -2 and
causes branching o be executed; and so on. In a loop, branching takes place each fmme the

mmstruction 15 exeouted until the result is again 2evo.

Wote that for BROT, becsuse of the number range, an fotial count of <2371 resulis tra
positive value of 231 - 1, or, for BROUTG, an initlal count o263 results in a positive value of
208 - 14, When the instruction 18 the target of an cxecute type wstruction, the bragch s

relative (o the target address:

COMPARE FIGH (RRE, RYY format), COMPARE IMMEDIATE HIGH (RIL format)
When the instruction is exscuted by the compuier system, the first operand is compared with
the second operand, and the result is indicated in the condition code. The operands are
veated a8 32-bit signed binary integers, The fivst operand is i byt positions §-31 of genoral
register R1; bit positions 32-63 of the register are ignored. For COMPARE HIGH (CHHR
OpCode), the second operand 18w bit pm;i:mm (-31 of general regiaterR2; Wil positions 32-
63 of the register are ignored. For COMPARE HIGH (CHLR OpCode). the secund operand
is in bit positions 32-63 of general register R2; bit positionsd-31 of the register are ignored.

The displacement for CHF s treated as a 20-bitsigned binary wteger.
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Resuling Conditwom Code:
) Operands equal

1 First aperand low

2 Fivst operand high

3 e

Bropram Exceptions:
» Aceess {operand 2 of CHF only)

= (yperation {if the high-word facility is not instalied}

COMPARE LOGICAL HIGH (RRE, RXY formaty, COMPARE LOGICAL IMMEDIATE
HIGH (RIL formai}
Wher the instruction is executed by the computer System, the first operand is compared with
the seeond operand, and the result 18 indicated in the condition code. The operands are
treated as 32-bit unsigned binary integers. The first operand is in bit positions 8-31 of
general repister B1; bit positions 32-63 of the register are ignoved. For COMPARE
LOGICAL HIGH (CLHER GpCode), the second operand is in bit positions 8-31of general
register R, bit positions 32.63 of the register are ignored. For COMPARE LOGICAL
FHGH (CLELR OpCode), the second operand is in byt positions32-63 of general register RZ,
bit positions (-31 of the register are ignored. The displacement for CLHF is trepted as 8 20-

bitsigned binary integer.

Resulting Condition Code:
{ Operands equal

1 First operand low

2 First operand high

b

Program Exeaptions:

= Acouss {operand 2 of CLHF only}

)

1§

,..L

= (Operation (T the bigh-word facility is not instalie

St
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LOAD BYTE FIGH (RXY format)

When the instruction is executed by the compuier sysier, the second operand is sign

extended and placed at the first-operand location. The second operand is one byte in length

and is treated as an sight-bit signed binary integer. The first operand is teated as a 32-bit
signed binary integer in bits §-31 of goneral register R1; bits 32-630f the register are

unchanged. The displacement is treated as a 20-bit signed binary indeger

Condition Code: The code remains unchanged.

Program Fxoeptions:

3

« Agcass {fetch, operand 2}

~

« Operation {if the high-word facility is not mstalled)

LOAD HALFWORD HIGH (RXY format)

When the instraction is exgcuted by the compuler systern, the second operand s sign
extended and placed at the first-operand location. The second operand is two bytes m length
and is freated as an 16-bit sigoed binary infeger, The first operand 18 treated a8 a 32-bit

signed binary integer in bits 0-31 of general register R1; bits 32-630f the register are

Py

unchanged, The displacement s treated as g 20-bit signed binary integer,

Condition Code: The code remams unchanged.

Program Exceptions:
= Access (fetch, operand 23

« Operation {if the high-word facility 15 not instalied)

LOAD HIGH (RXY format)

Wher the insfruction 18 exocuied by the computer syster, the second operand is placed
unchanged al the first operand location, The second operand is 32 bits, and the first operand
is i bits 0-31 of general register R;bits 32-63 of the register are unchanged. The

displacement is treated as a Z0-bit signed binary integer,
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Condition Code: The code ramaing unchanged.,

Program Exceptions:
» Access {foteh, oparand 2}

= Operation {(1f the high-word facility is not instalicd)

LOAD LOGICAL CHARACTER HIGH (BXY 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 remains unchanged.

Program Exceptions:
« Access (fetch. operand 2}

s Omoration (f the high-word facility is not mstalled)
i y ]

EGAD LOGICAL BALFWORD THGH (RXY foomaty

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 romaims unchanged.
Program Exceptions:

= Aceess {fetch, operand 2)

« Operation (f the high-word facility is vot mstalied)

ROTATE THEN INSERT SELECTED BITS HIGH (RIE format), ROTATE 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 1s 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 ficlds (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 I3 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 selecied 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 63.8its 2-7 of the 15 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 ig,
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 13 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 15field (bits 32-33 of the instruction) are 1gnored.
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Condition Code: The code remains unchanged

Program Exceptions:

« (Iperation (if the high-word facility 13 not installed)

Programming Motes:
i, Although the bits 2-7 of the I3 figld are detined o contain an unsigned binary mleger

¥

apecifying the number of bits that the second operand s rotated to the left, a negative value

may he coded which effectively specifies a rotate-right amowndt,

2. The first operand is always wed 10 its vo-rotated form, When the B and R2 felds
esignate the same registor, the value contained in the register is first rotated, and then the

selected bits of the rodated value ars mserted into the corresponding bifs of the un-rotated

3. In the assembler syntax, the 15 operand comtaining the rotate amount is considerad @ he
optional. When the 13 fleld is not coded, a rotate amount of zero is implied.
4. The §4 field contains both the zere-remaining-bits contrel (in bit ) and the ending bhit
position valuelin bits 2-7}. For example, to nsert bits 40-43 of register 7 o the
corresponding bits of register 3{nw rotation) and rero the remaining bits in the night half of
regisier 5, the programmer might coder The X8 vopresents the zero-remaining-hits
control which is added to the ending-bit position 1o form the 14 field. The high-level
ssembler (HLASM) provides aliernative manemonics for the zero-remaining bits versions of
RISBHG and RISBLG i the forom o RISBHGY and RISBLHZ, respactively, The 27 suffix
to the mnemonic indieates that the specifiedl4 field is ORed with a value of X°R0" w
generating the object code. An equivalant 1o the example shown above using the Z-suffined
mnemonic 18 as follows:
3, On some wodels, improved performance of RISBHG and RISBLG may be realized by
setting the zero-remaiming-bits control to one {or using the Z mnemonlic saffix).
£, Unltke ROTATE THEN INSERT SELECTEDBITS which seis the condition cade,
ROTATETHEN INSERT SELECTED BITS HIGH and ROTATE THEN INSERT
SELECTED BITS LOW do not set the condition code.
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STORE CHARACTER 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 remaimns unchanged.

Program Exceptions:

= Access {store, operand 23 « (peration {(if the high-word facility 18 not instailed)

STORE HALFWORD HIGH (RXY format}
When the instruction is executed by the computer systorn, Bits 16-31 of general register R
are placed unchanged at the second-operand location. The sceond operand is fwo bytes in

length. The displacement 13 treated as a 20-bit signed binary infeger.

Condition Code: The code remains unchanged.

« Appess {(store, operand 2}

« Operation {f the high-word facility is not installed)

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 s {reated as a 20-

bit signed binary integer.
Condition Code: The code remains unchanged.
Program Exceptions:

» Acvess (store, operand 2}

= Omeration (F the hich-word facility is not installed)
| L ey -
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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 18 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 Conditton Code;

G Hesult revs, ne overflow

§ Kesult less than zero; no overflow

2 Result greator than zero; no overflow

3 Overflow

Program Exceptions:
« Fued-point overflow

= Operation (ifthe high-word factlity is not instalied)

SUBTRACT LOGICAL HIGH (REF format)

When the instruction is executed by the computer system, the third operand ts 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 32-630f
general register R1 are unchanged, and bits 32-630f general register R2 are ignored. For
SLHHHR OpCode, the third operand is 1n 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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Resuliing Conditon Code:
0 o

1 Resull not zero, borrow
2 Result zern: no borrow

3 Resulf not zero; ne borrow

Program Exceptions:

= Operation (f the high-word facility i not instalied)

Referring to FIG. 6, an example General Purpose Register (GPR) is shown baving 16 GFRs
{each GPR comprising bits 32-63 in Small GPR mode and bits 0-63 in Large GPR mode).
The effective nnmber of General Purpose Registers ((GPRs) available to instructions of a
program may be extended i a computer having a first number {16) of large GPRs, cach
instruction comprising an opcode snd one or more GPR fclds for specifyng corresponding
(3PRs, cach large GPR conaisting of & firat portion (31-63} and a second portion {0-31).
Reforring to FIG. 7A, a computer in ftches mstructions for execution comprising
mstructions frot either First Set 701, a Second Set 702 or & Third Set 710, The First Set
only accessing a first portion of any GPR, the Second Set accessing a second portion of any
GPR, the Third Sot accessing the whole GPR, including the first portion aud the second
portion. When 703 the computer s i a emall GPR mode, for example, and is executing
instructions of the first set of instructions 707 for accessing frst portions, the execution
comprising 708 generating memory addresses or accessing memory operands based on said
stnall GPRS$ or accessing small GPR. operands, wherein each of said small GPRs consists of
said first portion 707, when 703 the computer is in a small GPR mode, when 705 &
computer s executing High-Word instructions, executing instructions 706 of a second set of
instructions, the secand set of mstruciions for sccessing mstruction specihied second
portions, wherein 708 the execution comprises generatng mermory addresses for acoessing
mernory operands based on said small GPRs or accesving small GPR operands, wherein said
smali GPR consists of said mstrustion specified second portion. When 704 the computer is
i a large GPR mode wherein cach large GPR consists of the first portion and the second

sortion, the computer executes Instructions of the third set of mstructions, the exzoution

comprising generating memory addresses for accessing memary operands based on said
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large GPRs or accessing large GPR operands, wherewn cach of smd large GPR congists of

said first portion and said sccond portion.

Responsive to the computer being in a small GPR mode the computer may genarate 709 an

aperation exception responsive to executing mstructions of the second set of mstructions.

As shown in FIG. 78, the execution of the mnstruction of the scoond instraction set may
perform 73} a correspondding opoode defined function based on twe operands, sl storng
the result, the corresponding opoode defined function consisting of an ADD of two operands

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

The execution of the mstruction of the second instruction set may perform a corresponding
opeode defined function based on two operands, and storing the remult, the corresponding
opcade defined function consists of 3 LOAD and operand from memory function or 2

STORE an operand 1o memory function 753

The excontion of the nstruction of the second dnatruction set may perform a corresponding
opcode defined function based on two operands, and storing the result. the corresponding
opcode defingd function 1s s ROTATE THEN INSERT BELECTED BITS function
cotprising rotaling a source operand by an instroction specified amount, then mserting a

selocted portion of the rotated source operand in 2 selected portion of o target operand 704,

While the preferred cmbodiments have been tHustrated and described herein, i s to be
onderstond that the embodiments are not imited to the precise construction herein disclosed,
and the right is reserved to all changes and modifications coming within the scope of the

mvention as defined in the appended claims,
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CLAIMS

1. A computer impiemented method for extending an effective number of
General Purpose Registers (GPRs) available to instructions of a program in a computer
having a first number of large GPRs, each instruction comprising an opcede and one or more
GPR fields for specifying 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 small GPRs consisting of second portions, the computer having a small
GPR mode and a large GPR mode, the small GPR mode using only operands of & first smali
GPRs as GPR based main store operand addresses, the large GPR mode using operands
spanning both first small GPRs and second small GPRs as GPR based main store operands.
the method comprising:

based on 2 program status word (PSW), defermining whether the computer is in a
small GPR mode or a large GPR mode, the small GPR mode permitting execution of
programs written for a computer having a small GPR architecture, the small GPR architecture
having memory addresses and register operands Hmited to the size of a small GPR;

based on a High-Word facility function of the compuier being not epabled, preventing
execution of a second set of instructions, the computer having a controi field controlling
whether the High- Word functior is enabled or disabled;

responsive to the computer being in the small GPR mode, executing instructions of a
first set of instructions, the first set of instructions for accessing said first small GPRs, the
execution comprising generating memory addresses for accessing memory operands based on
said first small GPRs or accessing first small GPR operands, wherein the first smail GPRs
consist of said {irst portions;

based on the High-Word facility function being enabled, executing instructions of the
second set of instructions, the second set of instructions for accessing said second small
GPRs, the execution comprising generating memory addresses for accessing memory
operands based on said second small GPRs or accessing second small GPR operands,
wherein the second small GPRs consist of said second portions; and

responsive to the computer being in the large GPR mode, executing instructions of a
third set of instructions, the execution comprising generating memory addresses for accessing
memory operands based on said large GPRs or accessing large GPR operands comprising

said first portions and said second portions.



2. The method according to Claim 1, the smalt GPR mode comprising being in

one of a 24 bit addressing mode or a 31 bit addressing mode.

3. The method according to Claim 1 or Claim 2, wherein the first portion is 32

bits and the second portion is 32 bits.

4. The method according to any preceding claim, wherein the execution of the
instruction of the second instruction 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.

5. The method according to any of claims 1 to 3, whereln the execution of the
instruction of the second instruction set comprises performing a corresponding opcode
defined function based on two operands, and storing the result, the corresponding opcode
defined function consists of a LOAD of an operand from memory function or a STORE of an

operand to memory function.

6. The method according to any of claims 1 to 3, wherein the execution of the
instruction of the second instruction set comprises performing a corresponding opcode
defined function based on two operands, and storing the result, the corresponding opcode
defined function is a ROTATE THEN INSERT SELECTED BITS function comprising:

rotating a source operand by an instruction specified amount; and

inserting a selected portion of the rotated source operand in a selecied portion of &

targel 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 during

confext switches for Applications running in Small GPR mode.

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

comprise the first set of instructions and the second set of instructions,



64

9. A computer program product for extending an cffective number of General
Purpose Registers (GPRs) available to instructions of a program in a computer having a first
number of large GPRs, each instruction comprising an opcode and one or more GPR fields
for specifying 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
small GPRs consisting of second portions, the computer program preduct comprising a
tangible storage medium readable by a processing circuit and storing instructions which when

executed by the processing circuit perform the method according to any of claims 1 to 8.

10. A computer system for extending an effective number of General Purpose
Registers (GPRs) available to insfructions of a program in a computer having a first number
of large GPRs, each instruction comprising an opcode and one or more GPR fields for
specifying corresponding GPRs, each large GPR comprising a first portion and a second
portion, said large GPRs comprising first smnall GPRs consisting of {irst portions and second
small GPRs consisting of second portions, comprising:

4 eTnoTy;

a processor in communication with the memory, the processor comprising an
instruction fetching element for fetching instructions from memory and one or more
execution elements for execuiing fetched instructions;

wherein the computer system is configured to perform the method according to any of

claims 1 to 8,



