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IBM has created through the work of many highly talented engineers beginning with
machines knowo as the IBM® Systom 360 i the 1960s to the present, a special architecture
which, because of its cssontial nature to a conmputing system, became known as “the
mamnframe” whose principles of operation state the architecture of the machine by describing
the instructions which may be executed upon the “mainfrare” implementation of the
mstructions which had been fvented by IBM mventors and adopted, becguse of thew
significant contribution to froproving the state of the conmputing machine represented by “the
matntrame”, as significant contributions by mclusion n IBM's Principles of Operation as
stated over the yvears, The Eighth Edition of the IBM® #/Architecture® Principles of
Operation which was published Febraary, 2009 has become the standard published reference
as SAZ22-7832-07 and s weorporated n IBM s 21 GR maimntrame servers including the IBM

Systern z10® Enterprise Class servers.

Referring to FHG. 1A, representative components of a2 Host Computer systers 3§ are
portrayed, Other arrangemerts of components may also be employed n & computer system,
which are well known in the art. The representative Host Computer 38 comprises one or

moere CPUs 1 conyrunication with mam store {Computer Memory 23 as well as VO
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The native processor 27 typically executes enul ation software 23 conpri sing
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U S. Patent No. 5,838,960, issued Novenmber 17, 1998, Harriman, Jr.,
"Apparatus for Performng an Atom ¢ Add Instructions,"” describes a pipeline
processorwbavimmgozs add circuit configured to execute sepaErr@odt®arc add
instructions in consecutive clock cyckes, wherein each separate atom c add
instructions can be updating the sanme nenory address |ocation. In one
enbodi nent, the add circuit includes a carry-save-add circuit coupled to a
set of carry propagate adder circuits. The carry-save-add circuit is

confi us&dchio AT BEI AR AAY - ABELALLON 1.0y 0 BRI AGESTAl LGk gl e and the
set of carry propagat e add&r ciTcuits are conPlgure to propagate, in
subsequmntcpmme%omybresaxancamﬁyngenﬁme&EMbbyumhedaamnyasaﬁeeadd circuit.

The add circuit furth ed to feedfqrward parti al | r opagat ed
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versi ons enpl oyin the new instruction. WO 2011/160725PCT7EP2010/067047 6
SUMVARYSEH et eirbGdirehsddran tapiie rmbituri@i/wa@p@drwawnsrtmﬁé%ri@maﬁdswész ecut ed,
wher ei n ék%lf NStk a;}i ton uﬁ%?{z{aﬁ £8.20 k0t et l.ocked, ”E%M‘ ngé’&fﬁ r%@f
arlthrrem/ odl C ins ctro nmpri sing an opcode eg|ster

field S@ﬁﬁkﬁ&jm@hﬂxihﬁﬁmxﬂaﬁﬁamd}Mﬁmﬁd&hfﬁkhnﬁghﬁh@ﬂaﬂﬁwS@@ﬁ@d}ﬁ@glster

field specifying a second regi ster the second reglster speci fying | ocation_

of a sEEBNEHCBPEIEHY CHEMEBIYE AP B rﬁ«g ACBYPSEET PF NI SpERIYYi ng a

third r?&k§x§%amhh%1Q%&ﬁﬁikQQﬁQ 4 he arithnetic/logical instruction

conpri ses: obtaining by a processor a second operand froma location in
menory specrfled by the second register, the second operand consisting of a

val ue; obt ai athird o from t.he th| eqi P fornlng an
opcode ‘SaT HEA SFREHAGE e SBRLEE RO a1 EE BRER E BACEASEHon t he

obt ai negd:srReQMth oL aNd) ﬁ@t@lu the. Q{@fearurteﬂnwﬁrvquae&%dzzt@mpmme a result;
storing the produced resuit in the location in nenory; and saving the val ue
of the fottainédn sembimadi rapeqwamd a»mmrhencmeﬁstamegmsi@em \Aheriériwtitlmer val ue is
not chapged bx exeo E 6{ {“ a fbp n on dhthn
code i s SHVEHTUThE ‘é EnPEode" s ﬁ& b 4 h “ h‘e"‘ et ‘*‘”i*' ‘“"“r “or'the

resul t thSsOLS ZREOin thi aaraﬁemmai RAlng thd @e@ﬂpﬁﬂﬁoﬂﬁ@ bRgdrardrhimbi g,
operation is an arithnmetic or Ioglcal ADD, and the opcode defined Ioglcal

oper at i ‘G Seifijarered bidam oDy & EXCEUSEVERBREVIGI! ARHERC R RGBS

X eout 100 COTRI S8Sior L SAPONBLY Enl 0 LREGF ENLLLRL, Linenk Raii6lcaper ati on
bei ng négati ve, B e 1 ndi he result is
negatr@&qnnaspﬁpsrMenﬁomgaappe@quroﬁu&hmghmgmpaﬂﬂ@peﬁaﬁampobenmgaposrtrve

savi ng the cond# dﬁ? code jndicating the result is positive; and responsive
to the FFREHIY bf S¢e of BlgPhl Soparat i BT B EBig Hn SUENTT s rsHY PHGSt he

condi ti.oncodeqladi ¢aki, raft hﬁm <%S§%|1ﬁ&tr' i@ OMBLIhAW.: hinpanzemedi ment ;

operand size is specified by the opcode, wherein one of nore first opcodes
speC|fygﬁﬂﬂﬁwtﬂmpépandﬁua@dmonedompﬁmpeﬁﬁécondo@pomdeexspébmmyg6@3blt

operands.. In “3 enbodi nent % g;bt t| \ng%ﬁl @nstrgcthon;fprther
conpri <85 “rf?éf PEGHE TSSO HGTivte é%icaara & Opcod@ P aPUE #& fi r st
di spl agg@ntoddehd.andasecend: displiacemenuhiebdinherainithe location in
menory iS determ ned by adding contents of the second reglster to a
transiation mcthod of Lethin ot al; and UNS790825: Method for emulating guest instructions
on a host computer through dyoamic recompilation of bost instructions of Bric Traut. These
references iHustrate a variety of known ways to achieve emulation of an instruction format
architected for a ditforent maching for a target machine avaiiable to those skilled in the art,

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



WO 2011/ 160725PCT/ EP2010/ 067047 7 signed di spl acenment val ue, the signed

di spl acenent val ue conprising a sign extended value of the first

di spl acemgotofigbrsconcat enated to the second di spl acenpot/ere@bo@ds7okn an
enbodi nent, the execution further conprises: responsive to the opcode being
a first opcode and the second operand not being on a 32 bit boundary,
generating a specification exception; and responsive to the opcode being a
second opc, ode and the second operand not being on a 64 bit boundary,

gener atjh g fySRAG! Hi9thah LXSEREARmULH B0anBRd] BNt AblS. paEepsOr s a

processor In a i -processor system and the execution er conpri ses:
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the multi-processor system from accessi the |l ocation in nory between
sai d oBPHFEGTER MBS SNl U BN LR 1aEaf Hgnsiedoe ialVithe second

| ocat i QBediing B IREW in@ARBR RO nSeHeh St fHidalts M%nafr%wy%séeauﬁﬁ% kifreadR®FM t i NG
ot her processors of the nufti-processor systemto access the location in

menor y .inshvetionsoweresponge fd tha singlédnstiushian rashjvedticadng dite dtoor @ specdred

advant ages enbodi nents will becone apparent in the followng witten

escri ooy T e TERrne AR Ghor Ao RS B R B s ent i on
Wil nawgberatesGedureshd fyrivehe dsuf X iRl spedfit Yneniiry IbchBé 8 MEMeat fequiting
acconpanying drawings in which: FIG [Ais a diaqran1depicting an exanpl e
Host cofpaitiedoashandstare mstouctioms; andan ggspgnsgrie thopiingle Hgtraeiondgemives. enul at i on

Host ¢ F LC i R=Digetn) I.Cl nput er
systen&g%#%ﬁﬁég%iﬂ% Fggg%ﬁ¥ 3%5%?F%§g%n ef%ﬁ%hé&%%%%%pgpﬁﬁgg%gﬁﬁ? FIG 3
i s a dispgrificndepiry focagorawhitd eaging o dfe dtLhomuhespesifistragmontyllodasion4A- 4C
depict detai] ed elenents of a coqyuter system i

performing the operation involving the data, and sforing the result to the specific memory

location.

U.S. Patent No. 5,838,960, issued November 17, 1998, Harriman, Jr., “Apparatus for
Performing an Atomic Add Instructions,” describes a pipeline processor having an add
circuit configured to execute separate atomic add instructions in consecutive clock cycles,
wherein each separate atomic add instructions can be updating the same memory address
location. In one embodiment, the add circuit includes a carry-save-add circuit coupled to a
set of carry propagate adder circuits. The carry-save-add circuit is configured to perform an
add operation in one processor clock cycle and the set of carry propagate adder circuits are
configured to propagate, in subsequent clock cycles, a carry generated by the carry-save-add
circuit. The add circuit is further configured to feedforward partially propagated sums to the
carry-save-add circuit as at least one operand for subsequent atomic add instructions. In one
embodiment, the pipeline processor is implemented on a multitasking computer system
architecture supporting multiple independent processors dedicated to processing data

packets.

What is needed s new mstruction functionality consistent with existing architecture that
relioves dependency on architecture resources such as general registers, mproves

functionabity and performance of software versions employing the new mstruction,



FI Gs. 5A-5F depict machine instruction format of a conputer system FIGs.
6A- 6B depict an exanple flow of an enbodi nent; and FIG 7 depicts an
exanpl e cwotextieemst ch flow. WO 2011/ 160725PCT/ EP2010/ @6Ta4$Z018/0PBIAI LED
DESCRI PTI ON An enbodi nent nay be practiced by software (sonetinmes referred
to Licensed Internal Code, Firmmare, Mcro-code, MIIli-code, Pico-code and
the .like, any of which. would be consistent with the enbodi nents).
Referring to FIG 1A, software programcode is typically accessed by the
processgh gt s@vknown as a CPU (Central Processing -Unit) | of the system 50
fromlong-termstorage nedia 7, such as a CD-ROM drive, tape drive or hard
drive. The software program code may be enbodi ed on any of a variety of
known qeqiqv br. use with a data processin %§YSt§QI such as. a diskette, hard
drive, 'BF"EBPREFICHFRE 48 H‘é“‘*}‘rg%}g‘b B EEHPB I SIUE R SUCH Tl 856 my  be

di stri byuhedlousere fdombhe GoNRULEE FBIREY, (i8] ShALAGe.OhARe: gONpUt er
systemover a network 10 to Other conputer systens for use by users of such
ot her systé& fivid. s st webar vl yeothes priogramicddes ey rdstanbodived in the

menmory 2,. and accessed by the processor |, usin ﬂtheh rocessor -bus. Such

or oor ariruaaeny RSP GaREhn obar sBRS T Sheld URIER AO PESTRR of Sifiondn ana

i nt er aghieAd ef mbhery akl QUS CORPUL 6% 1 CoRPONent shiand;BNe, @F cAMESo@pPpikkcati on

prograns. Program code is nornally paged from dense storage nedia 11 to

hi gh- spe€dr iy Dnvikstien pempgscavadttabrdforroproties stugd Byeneiprigcessor

1. The i«Bc%%QH'1@&%§noﬁn~g§gﬁ§:g%g§%§ &%o@d@ﬂﬂ}”r c%ggoth)ﬁ?g&%agé ogar.am,c ng In

menory, on physica I'da, and/ or di stributrng software code Via networks

are v/ ekluckoiawniandintlchenod e funtihergdiscustedidgenamodPiageam code,

when created and stored _on a tangi bl e nmedium (including but not |imted to
%E:m?ﬁ?rﬁi‘f%ﬁ“ﬁﬁﬂ’ﬂF‘é%%i‘(af’?ﬁmffm‘?ili gRd ﬁ%ﬁ%?r%b,(tmmﬁ% TREEs PErRy, DVDs,

el ect r Gf
I\/agget io%taﬁ@%Qh@@g LD8a b &gd&a’% a%&ﬁz’? st'b?i%%%l??pr%@m%ﬁ Bt GRTRULERRGEIr am

product ™. The conputer program product di'umis typically readable by a

pr ocessingwi Telkavingrief estabbihe pbairedrputd opsyst enit drstexgent, ivdnrdy t he
processing.circuit,. Fl ICillustrates .a representative workstation or
serverth%%ﬂﬂ%?éméyg?éﬁftﬁﬁﬁxﬁvgﬁ@%ﬁ@ﬁ@K%?QFIGi 1C conprises a
representative conputer system 101, such as a personal computer, a

wor kstation or a server, including optional peripheral devices. The

wor kst dt:izonmbodiriant laugeditioneodr swere, processior sod0B8dandpathbusulnpiuyed to
connect %HQWQQ€DHG communi cati on between the processor(s) 106 and the ot her
conponéﬁtg'dﬁk‘ﬁévgﬁﬁiEn1101. i n accordance wi th known techni ques. The bus
connects the processor 106 to nenory 105 and | ong-term WD

2011/ 160725PCT/ EP2010/ 067047 9 _ _ o ‘ ‘ _
In an embodiment, the opeode defined arthmentc operation is an arithmetic or logical ADD,

and the opeode defined logical operation is any one of an AN, an EXCLUSIVE-OR, or an
OR, and the execution comprises: responsive to the result of the logical operation being
negative, saving the condition code indicating the result is negative! responsive to the resalt
of the logical operation beng posiiive, saving the condition code mdicating the resull 18
positive; and responsive to the result of the logical operation being an overfiow, saving the

condition code indicating the result is an overflow.

In an cmbodiment, operand size 18 specified by the opeode, wheroin one or more first

opcades specify 32 bt operands and oue or roore second opeades specify 64 bt operands,

In an cmbodiment, the arithroctic/logical instruction further coroprises the opeode consisting
of two separate opeode flelds, a first displacement field and a second displacenment fisld,

wherein the location i meroory 5 determined by adding contents of the second register to a



storage 107 which can include a hard drive (including any of magnetic
nmedia, CD, DVD and Flash Menory for exanple) or a tape drive for exanple.
The syst ewo20i/wdmght al so i nclude a user interface adaptremrEpaioobrogapnnect s
the m croprocessor 106 via the bus to7one or nore interface devices, such
as a keyboard 104, nouse 103, a Printer/scanner 110 and/or other interface
devi ces, which can be any user interface device, such as a touch sensitive
screen, digitized entry pad, etc. The bus al so connects a displ ay device
102, LA?J% 398 Qm zsﬁfu@eﬂ& ff‘?ﬂlbéehmuﬁ IS gB?n%F:QRB9%@%%9'@1%&9{@‘;%!;
dlsplay aaapt he system communi cat t h*ot her conputers or
netmorkﬁ&mﬁhmb@m@&@mmxmﬁpMaynmﬁ&anhbmbIkwaﬂawﬁﬁ& mamaﬁbﬁ of conmmuni cati ng
108 with a network 109. Exanpl e network adapters are conmuni cations
channel s, token ring, Ethernet or nodens. Alternatively, the workstation
101 ”HMnQQQHMBH&ﬁ%@tM§é@Quﬁbﬁ%ﬁ&Eﬁ&ﬁm%ﬁEeG&%QﬁwvﬁMﬁheéﬁuﬁ%@@??a@ﬁ%‘|U|ar
di gital packet data) card. The workstation be associated with such
ot her conpitexishi mand_gmkmm&éé?vmetcmlrk l(lLlé(N)nd@m, a«iw(del%/&r‘@aulﬁieﬁw k (WAN) ,
or the morkstat%on 101 i?nth gﬁbent in a cl |§nt/ grverlgrrangﬁ nt W th
anot her™“CoRBUT 8F TS HE VAR 15 F PEHESE tohir gt HTOIRE™ BS "W T °45 P RE°
appr Oprie @ COMTHR bE@ld: 8N getakdwal Soaimdasnf H1afien. are known in the art.
FIG 2 illustrates a data processing network 200 in which enbodi nents nay
be practiced, The data proceSS|ng network 200 may include a plurality of
|nd|V| , el t wor k, each
C!ﬁ% I‘%WFC‘*? th‘“i%f”ﬁ’?‘zﬁ}?t 5 "‘%ﬁ}“\%?‘?f }%"al’r‘l"gsfa{&‘%%gd 1 201 202 203
204 Adﬂtmﬂ@ﬁ&kiyxgﬁ&phhﬁSﬁ&&%LﬂM@ﬁﬁknﬁ&h@xﬁﬁhﬂ%khhmﬂ&ﬂﬁ@ﬁh@ﬁ&gy&he or nore
LANs may be inc)uded, where a LAN nmay conpri se ? plurality of intelligent
wor kst é‘i‘ﬁ“d*ﬁ%”t%’ifﬁ? g&‘ttlBi%ch“@‘éf’“&ﬁ%éé‘é”s‘we“%ﬁf@ SCEREY VTG Y PEMGC2, the
net vor ks TRY:iahs 8¢ Lnckudg %@mﬁ LA CRNRYL SRS O SBIVELSioAUs heft, 2 gat evay
conputer (client server application server (renote server 208 which
may accedspan gad alorieposi trodycednckuitayeralkisoy béicapoessed.of diorecl byofasem a
morkstatlon 205) conputer 206 serves as a point of entry into
each né%ﬁﬁ@%eiﬂ?”b%?3%F yl?%ﬁﬁ%eded when connecting one networki ng
protocol to another. The gateway 206 may be preferably coupled to another
network (the Internet 207 for exanple) by neans of a conmunications |ink.
The gatéwaypo206 mwm@@@m @ﬁimbm fa%wpl@d attgarngayes ombadirentswpl
2011/ 1 725PCT/EP 9 ﬁ Z i i tqthons 101 201 202 203 204 using a
connunlééFFbﬁémWﬁhHﬁ The ‘6 1éﬁﬁvggé ‘ﬁié?“nay be inplenmented utilizing an
| BM Serverlnleerles(r) z9(r) Server available fromIBM Corp. Software
progranmm code is typically accessed by the processor 106 of the system
101 fr SHRIE ‘ﬁé%%?Fﬁ@ﬁ%\?@aeﬂﬁ%@i%\iﬁ?‘ﬁsuch as a CD-ROM drive or hard dri ve.
The software progranm ng code nay be enbodi ed on any of a variety of known
media for use with a data processing system such as a diskette, hard
drive, Hrh@BnROM:f Theénooden malY nbe tdidstarithdtisdyone Suehpiediia, wior may be
distributed to users 210 211 fromthe nenDry or storage of one conputer
syst emiBWEFCR NEE RBTRIPAE BN Y "gbiptitier: systems for use by users of such
ot her systens. Alternatively, the programm ng code 111 may be enbodied in
the nenory 105, and accessed by the processor 106 using the processor bus.
Such pﬁ@@rahﬁimgmgnm@dﬂﬂ@hmd@smamﬁhﬁéwﬂmhmguﬁystWVVhich ca.-mrals the
functlgg aﬂg i nteracti on of the vaE}ou§ ut er onents and one or nore
appl i cat Poht pt bEFERE 4P IBPAGGFARP E5dd ?@”h 7Népp¥mgg@éﬁqﬁron1dense st or age
nedi a ¥9¢, ﬂ@xhéghnﬁﬁe@Qn@ﬁﬁﬁ%Xx%Q§aWQ%ﬁ%hg%xh&naval|ab|e for processing by
t he processor 106. The techni ques and met hods for enbodying sof tware
prograﬁﬁﬁn%ICQ@@mmﬁN#@Mﬁmyaﬂ@h£ph¥§ﬂ@@ﬁmﬁﬁém@ﬂxand/or di stributing software

code vi twor ks ar e further discussed herein.
Pr ogr ar%%%ogh e R a?aéjs\,\’eflné ag f.? mf.n% zdids mmpu ¥ %Pﬁgugf e medi um (i ncl udi ng but

not ||mE{;§d4’(~Qi aiegcct &aaﬁ&imm&yom&mﬁm(ﬂéd% flash menory, Conpact

é DVDs, .Magnetic Tape and the like is often referred to as a
" corrputF fs. p?z%ré?aimnﬁ? Batiere InSTHEICEIHPIR OF @ pPOFREITFFOEUCt medium i s
Ly DI Calhy [EaRANLEbY, BRLACARSI S0, CHIGUI RI e ably 0, @ computer system
for execufion hie processing circul € ‘cache that is nost readily
avallaﬁﬁé»qummegpm@mﬁg&@bn(moﬁnahhyﬁ¢aster and snal |l er than ot her caches
of the processor) is the lowest (LI or level one) cache and main. store
(main nmenory) is the highest |evel cache (13 if there are 3 |levels). The
| onest | evel cache is often divided into an instruction cache (I-Cache,)
hol di ng machi ne instructions to be executed and a data cache (D Cache)
hol di ng dat a oper ands.



WO 2011/ 160725PCT/ EP2010/ 067047 11 Referring to FIG 3, an exenplary
processor enbodinent is depicted for processor 106. Typically one or nore

| evel s ofwGacheis8238 are enpl oyed to buffer nmenory bl ockecirEresdes7oun

i nprove processor performance. The cashe 303 is a high speed buffer hol ding
cache lines of nenory data that are likely to be used. Typical cache |ines
are 64, 128 or 256 bytes of nenory data. Separate Caches are often enpl oyed
for caching instructions than fbr caching data. Cache coherence

(synchr, j;gqhgnﬁﬁﬁfgg@kg§ of lines in Menory and the Caches) is often
provi ded by various "Snoop" algorithns well known in the art. Min storage
105 of a processor systemis often referred to as a cache. In a processor

system havi 4 | evel s of caghe n stora . 105 i.s so mes referred
Y e HbS P B e RS SHERdaeg L PRy BT L GG By hol a5 a

portionf. F@ﬁw@&ﬂﬂy%o@&h&ev@hQiﬁgQﬁ&@&%QumFQQ§1@59%vhh@ﬁnh$mﬁ¥ﬁbéab|e to a
conputer system Rain storage .105 "caches” pages of data paged in and out

of t he amiidcstotiage mm@db@aiﬁ%eR@pﬁm@tw méC st e s mgigzrfacmdcomnp@ralh

(instruction counter) 311 k eps tra ddr es current

ot r udron 5 HE Pkl Bt KBV gt SEPLGGs R PRERSSE AR LB Weessor
i's 64 bidss iandeakoRRetiddnCAtath §:0: 8L-RONV4IR, tSHeldRive UP RO RE D

addr essi ng Ilnlts A progran1counter is typically enmbodied in a PSW

(progr a*ﬁﬁ@tﬁa‘mﬁm\ﬁﬁ?@d‘)ib@f&yé‘i compdtdronsuen e hate ot fer st sididar kigyicont ext

SW t chi I l r av t val ue, my
Do i nt Sty B P e T R R R R R P N & (o T om

t he pr ogndam:enyi ElerTEdftIm to® midyebe@ierindibh g Syt rm @H&W{mﬁ{ﬁﬂmnﬁ@noﬁfiﬁ&)rpsw of

t he progran1na|nta|ns t he program counter v%lue while the progr mis not
acti ve Sb iHEe PPEER AR EHI P 419 W?ill?emlﬁgw CHFOTRE COPEFEE ﬁ’g“‘s? stem i s
used “h%z%e&g_ qgg@q Apg.systemis executing, Typically the Program counter
is increnmente y an armount equal to the nunber of bytes of the current

i nstruction. RISC (Reduced Instruction Set (lomputing) instructions are

typically fixed |ength while ClSC (Conplex .instruction Set ting)
Bt act s S e R a6 4 b S PARG R (el RSPk FOmE o elRE TFEM

zl Ar chid:@ckidy nahﬁ;rgq;xqf%@ﬁds&swquq& *iﬂﬂ@uﬁﬁl\@aﬂg i@t 8 Bpohiidy Wéta% v,@clayt es.
The Program counter 3 i's nodified by either a context sw'tch operation
or a Branchis ttiaki@nct@fpiemétmt@mcwn af Br anchus qwmumtcpmmﬁm» méa)mloe mdg a

t ext tl th t t d
P ot artPSL U0 0BT U L P4 GHG TR S AP Cr Ry g T b dar oA “BUa0t che

progr amidiekngd execwt edvi{csde s asil @@sﬁntpi@@gq@dm)m #@BeksgrMeW HRr ogr am count er
val ue is | oaded pointing to an instruction of a nem1progran1nndu|e to be
execut eeEhIRUBY & !rffvithaﬂe%f GPePAT BT B EFIBIHBHdT M BPder. PorpEidEt t he
progra 723P 0[.067Q47, I - W thin
t he prg%%gﬁgggg %%%%éﬁeg?éé ﬁlggg%%&ﬂlga%gh E#@Fgﬁc}?gﬁnﬁgfﬂ {ﬁ%gbrogram
Count erdi3dsed Ey@m: @hj;gtazam:o&nsﬂme,td 201 drdtselrednm b 1305 Swceipl Gyeslithe fetch
|nstruct|ons on behalf of the processor 106. The fetch, unit ejther fetches

"next SEHUEHETERY PRECHOREITBIY et Rividk fatt Peme ol oBRAHCRS Tk -
| NSt UGy B0Syio Alork 5L ol NELIUEH QNS @her By B 00K Ay WD f0 COkEX s tch.
Modern 1 nstruction ch units often enpl oy prefetc ec ues
speculamnme&yppng&npahhmn&t@uuMsommmﬁasedhbh ghevbumghghmodtmhaxdﬂhe
prefetch. ed |nstruct|ons mi e used.. For. exanple, a fetch unit may
fetch T6OBUES SEEOAST FEeEa g W Ral e e the next sequential instruction
and additional bytes of further sequential instructions. The fetched
instructions are then executed by the processor 106. In an enbodi nent, the
f et chediffnéf rilstieon @S”?Pfafﬁ@td@ias sedtdioa o rssw@@t md%wpm 2086. B tshignf Bich unit .
The dlsg§§ ng% 9%9&1 ) ngﬁgnst&uqthn n ?‘“ rmargs 'ﬂx; n@tlon about
the decoded n%? Bt SnEsT6™ dppr opr i~ ate thi 4075308 316’ “AF Eedut i on

uni t 3G>Z;rmlhﬁ101i W @ﬁjc‘:li\\ﬁi}ﬂﬁ@i@h Vi@tididt bém;a{f:m - ab eyt hd eeededioariot haetdce
instructions fromthe instruction fetch unit 305 and will perform

ari t hmeE @7 5|96t BICEOHesoNC o P FHUSBISToF B 1940 sthendcsdenphicga

i nstrugLj &3, r I ta.l. X [0 weferably
eltherq rd%?ﬁenﬁo Qq@(géggﬁfggkﬁgﬂﬂk'?ﬁggﬂ?s§§¥35§ggH@b§If%ﬁfgﬁglnnedlate
field GﬁﬁﬁknhWﬁ%SUﬂUQW%Oﬁhb@hn@nﬁXﬁdﬁt@dm@ﬁbsim¢8)KﬁnﬁﬁyﬂUémad&hgpnmnmhen
stored, are stored either in nmenory 105, registers 309 or in other nmachine
har dware (such as control registers, PSWregisters and the |ike).



A processor 106 typically has one or nore execution units 307 308 310 for
executing the function of the instruction. Referring to FIG 4A, an
execut i onwonbt/@07%snmay conmuni cate with architected genecalepe@giostoar s 309,
a decode/ di spatch unit 306 a | oad stose unit 310 and ot her 401 processor
units by way of interfacing logic 407. An Execution unit 307 may enpl oy
several register circuits 403 404 405 to hold information that the
arithmetic logic unit (AIX) 402 will operate on. The ALIT perlbrns
ari t hmetl.c. Oper atd 003, SULh. g%m%ﬂﬂm Qhﬁa@%,;mf&*r&? ?w”&'md& Wi de @%ad"’e” as
| ogi cal function such as an or and excl usive-or 7 xor rotate and shif
Pr ef er dtdsy MiheoAl X suppocits specdald fzeduopes. dticonsethiat raigbt desinghde
dependent . Cther circuit rovide.other architected facilities 408
et ud O SHCadbE R T gUSR I STBRoRe 11 T O S8 oy pi cal |y
the resuble,of dafALucTT: SRSIAKION 80l0 2 201 1h160725RGH ERR0A008%047 13
held in an output register circuit which can forward the result to a
vari et ynton‘h@t&vetf.cpr‘ﬁaeis samiq frynoti mrfsfacq herne:, apad mrtyuaértr.aﬁgm@sx of
processpl S, g EF ﬁ gqescrl él on I S al\qy L ten edqk 3 rovliide a
repres ’aﬁ‘ eé it €t anti 75 267 SRE Sl e Al -ABN T RSP Hidt FER or
exanpl e:woiidr, Q@t@&@&mpe@m%raommp&w%nd@w& 307 having arithnmetic and
| ogi cal functlonallty while a Floating Point instruction fOr exanple woul d
be execut ed in a Floating Point Execution having specialized Floating Point
capabi Lk EHaleAR) o ALIEXECHE AL UBLE. ARELALES, A0 PRELANS pL ARl | 1] o
by an |nst i'on per orm ng an opcod1 detined Tunction on ﬁe oper ands.
For exaﬁ’pl;ﬁtmata 2R (agtibiof banmimyathe EXectst edmbw}amﬂfﬁfaempmmwmkt 307 on
operands |l bund in two registers 3%3 identified by register fields of the
|nstruc‘tjf‘ﬁh“%‘é’r@%@%‘ﬁfti‘%lﬁc MIFE 3T BREAF RE EHE T et Pes IVt on on two
Opera”Q%rﬁﬁ 03% Al188ad DEnfGa L uk{ﬁ%% &z‘%im‘! Qpstand, where g (L Ma‘? oper and
be at regi ster or one o two source registers. Executi on
unit an@Eﬁaﬁkytmtﬂimméﬁ%mnwﬁkﬂmhnEﬂﬂcn@pgimn@mmedQA&XﬁdA@@ﬁthﬂMnn@xcapable

of performn vari et f func ons |ft Rot a And, O
o X« deoihefiey SRS AP R0y T Ok GBS SPO b ORg TR UG ol of add.
subt r acty vEYltibRLY « cgéi\éh@l@«?r SOMBAehd 8 Mh&r@%nqﬁéﬁe‘r %@dﬂf ofhegal ar
operations and sonme for floating point. Data nay Endi an (where the

| east wgﬁgﬁraf@@m abytiead Geappirheathicghesnidiioe Ia‘d@msgylg eritkdrctdre Endi an
(where ,the Ieﬁ ﬁ gnificant byte is at the | owest byte address) dependi ng
an ar chi't &8tUre.* The 1BM z/ Architecture is Bi g Endi an. Signed fields nay be
sign and magnitude, | 's conplenent or 2's conplenent depending on
architecture. A 2's conplenent nunber is advant ageous in that the Al X does
not nedd®t & idsERigh s duguBticatts Bapani Mﬁ‘ivvs}ilh}éém b ipel TR ggaERiiEedval ue or
a posi ty t1;an n the
LD N e e P B M L R P SRR PR L i o'
defi I’IEval&ﬁmadldf‘ﬁﬁE a@d d&ﬂ‘éd@i@ﬁ’vd}yl embb@akhanﬁbw mslud@mbjﬂddm déscifvibhed as a 4
Koyt e (Ki i) yte) Lfor ex arrg1tl Fe % FI.G 4B, Branch.

i nst r uctd ﬁdﬁﬁﬁ‘r’dlﬂﬁmf’ ﬁ‘f—%f‘ 28 S NG Y g iéﬁé‘hi“r &t P et ol EEhcal |y
sent t f.1.8) | gorithm
such agmg OE%%EC %5%3%8&%1%F§p4%2&% giggglg%téotﬁ% [}q grg%’e{%llﬁ%c%%@%fanch

bef or e vatrhgri@onrdigpitonad hoperatisons are conplete. The target of the current
branch instruction will be fetched and WD 2011/ 160725PCT/ EP2010/ 067047 14
specul atively executed bel bre the conditional operations are conpl ete. \Wen
t he congigtd.Rnak,; epetati @Rs.aLeLcomphrt adnthenspesul atively #xecuted branch
instructions are either conpl et ed or di scarded based on the conditions of
the corgft kongicopesaeron (ah *attsﬁéwrs%%ﬁm atredalgut o § mAmywr‘ealaﬁﬁranch

I nstr UCthlf.q'E 1Yi yi(,l(}bg*:;St iC?O!I;]dI ’F‘«l ﬂi‘v jT} r}}d hbri,kanb(‘-:’ﬂ i Lg fa’ﬁﬂgd oy rﬁ?‘%}s I f t he
\ [4 5 S ( £ S\ S
condi tion ¢co freet “t'He™ &G’ r s Fanch i"mstYuct’i on,

target “’@darfesaemyab &@dzmlqai %dab@-?;@ﬁii @fbiﬁi&'\/ﬁtﬂﬁdacﬂﬂﬂtﬁm@;HSA}mG\a Lasgving OneS
found in register fields or an inmrediate fiéld of the instruction for
exanpl é$ PFRES Bitgh eTERITES SO REYTERprBiprav ARK a8 thAYICHEY aCpPUFari ty of

I nput : n yOHLR cidcuit 430. The
branch rﬁ%l its‘l%goté}%héa@% ol%m%ﬁﬁl 1(‘??‘21 %%%ﬁ&gglﬁgrgal %trleglgrgﬁiggwggém Acﬂacode di spatch
uni t 3@6nofurdddniens Gil Gl tzsicd2B 200 meexdmploadirectly coupled to one or ranre



The execution of a group of instructions can be interrupted for a variety
of reasons including a context switch initiated by an operating system a
progr am exoeptiienr2er error causing a context switch, anptr@Epreeo@sToupti on
signal causing a context switch or nuloti-threading activity of a plurality
of progranms (in a multi-threaded environment) for exanple. Preferably a
context switch action saves state information about a currently executing
program and then | oads state infbrmation about another program being
| nvokedyo R ak &, 0f OhTabb 00; FBY 06, $8YGMhRAAMINAY 1.l SLETS Bl N MErOrY
for exanple ate “i'nfor mat i on pr% era y conpri ses a program counter val ue
p0|nt|rnyﬁkrwnghnﬂnudnﬁummeimohwﬂ@\heCE%eﬁuﬁed%L%©ﬁhﬁ&rwnuhbﬁéennﬁémma. yry
transla.lon infbrmation and architected register content, A context swtch
activi ty'8an be exercised by hardware circuits, appllcatlon progr ans,
operating system prograns or firmware code (nlcrocode, pi co-c, ode or
| icensed internal code (LW alone or in conbination. A processor accesses
operand@ﬁaaeomﬁﬁﬁgﬁnm»WDSQEGEﬁbﬁh:deé%ﬂéb%ﬁEﬂh@@SMHﬁﬁéﬂfﬁ§ﬁ5u@mH@ﬁ may
provid i ate operand usin )
ot r udtdBiTRY" preuras g oraidee rRgReErRe B BE el TR 1051 nti ng 1o
ei t her genemalinpPPass, E@Qﬁ‘@chﬁd’@m@:ﬁm&ﬁ%@a@hymm&@ﬁﬁ hRgl sl %E&w{tﬂ 2QRtd ng
point registers fbr exanpl e), The instruction may utilize inplied reglsters
i dent i fﬁr@a»%% antopcodests betis! heééi?faﬁdg CIREN ng b weteinery W%/b UPEEH ze
Temory nQB?a J)P{ a*QBc?&i%{}ﬁ»%tcdﬁ‘ %‘EQP;Z}’@ Pf%%no(ﬂe Ehf ﬁ@ {’SJ&& PRy, be
prOVIde§$b i hationvof reglsters
and |nnedmaﬁ£xﬁ @hd»@&n&X@ﬁ&lbbﬂ&ﬂi@ﬁ@@bﬁq@hﬁ%@ﬁfﬁ&ﬁhuh&skﬁ@@idMS@1acenent
facility wherein the instruction defines WD 2011/160725PCT/ EP2010/ 067047
15 a Bas®°¥egi ster, an index register and an inmmediate field (displacenent
field) that are added together to provide the address of the operand in
menory for exanple. Location herein typically inplies a location in nain
menory &} tmjmiwshor}*age%mmkres;s caatehidrivingehd ardibetded. thiRekeord DK, taod FIG 4C a
processor ﬁe es storag u5|n a andlﬁtore ynlt 310. Th ? Store uni t
310 ey PErtb i 8TeHET ﬁ%va% 15 PBYCCSIYE BihitHg™ P l*ﬁ%ﬁw of “tHE® far get
operand?banﬂew&n 303 1Andhagl namt;ma;gﬂe{eamohafawragbei &ImRRG or anot her
menory | ocation, or nmay performa Store operation by obtalnlng t he
addr essoopondrgs @@rtge'tmmep amdmahamemwmab@ ahelmgﬂ‘o:rfnéﬁgs gara! ebﬁzaqdned from

a register 9 or_anot her . nenor 739,

ocatt ot 1A Renery 904 e Thharet v i P s 18 as S PR A ang may
access yRIDEYckRoAl @eqURNEaifat shSmotibdofrentienyhghatiye doyhmafifdiction
sequence, however the Load/ Storc. unit 310 nust naintain the appearance to
pr ogr arfede HacTAst puEHToHS ere dekectiveduite srigers cnly vagrsesreranict 310
may co t e Lt

Caene! miaarat Rttb Lo AR SR RGT IR 3 O R PR3
reg|stemgmME@wﬁwm(dﬂﬂﬁnéﬁﬁramdg@ﬂﬂ&beidumm@mﬁﬁﬁ»hﬁﬂewqﬂn%Wﬁﬁsﬁorage
addresses and_to provide eline sequencing to keep.operations in-order.
Sone oﬁ*é"r‘%fffﬁo‘ﬂ‘émw EB@»éhﬁngﬁ‘biPue‘#aaaﬁec t R 1847 g%%i«%@fhﬁ.fffeﬁegv

functi e " o4d381.Pr ogr am
as haV|Eg&B%§h£% Eﬁahgln ofﬁhﬁggg%%gaag%akingéﬁ&@ﬁﬁgnga¥$9 %ﬁg%erably
addres§e3inhaﬁeaggappimeétﬂdnnpmagnmnwfseesﬂ&aeenmﬁeehyt%ﬁmmm@dngo as
virtual .addresses. Virtual addresses are sonetines referred to as "l ogical
addr ess&&%"and "effective addresses". These virtual addresses are virtual
in that they are redirected to physical nenory |ocation by one of a variety
of Dynam c Address Transl ation (DAT) 312 technol ogi es including, but not
lim tediiftcodefiqﬁwtw pmeifﬁvxﬁihgwaﬂvit ﬁﬁ@uéﬂc pamw@sémmna éntc@fiﬁeemmibalth@

transl a Im@ d‘t} BPY!}H lf'(?(. »z?eg)gaﬁgi 18 1 (?ner?g‘xfjmmggt ar&%g%hn?ﬂo{ a(g A t he

translatlo es era [*¢" and a
page tahlgo@h Gnee mnhm senkichat i, Dn,ihe@é afeezr abdiy, Ih@ms@@gmmcaﬂ&hhenaaVI ng an
entry p0|nt|n to the page table. in z/Architecture, a hierarchy of

trans| afige! L FF ByrdaEnicadicddiGigha eEgnbmasiins psraBices 1abt egrend seéond

tabl e, " | nt table and an optional page table.
The peﬁ?%%%%%geEgFagkgqm%§R%8Md?P§§g¥§tlon is often inproved by utilizing a
Transl ati on Look-aside Buffer (TLB) whic,h conprises entries napping a
virtual address to an associ ated physical menory | ocation. The entries are
created when DAT 312 translates a virtual address using the WO

2011/ 160725PCT/ EP2010/ 067047 16



transl ation tables, Subsequent use of the virtual address can then utilize
the entry of the fast '"i'LB rather than the slow sequential Translation

t abl e acowees1/160128 cont ent nay be nmanaged by a vari ety pofi/rre@bacmaent

al gorithns including LRU (Least Recentily used). In the case where the
Processor is a processor of a multi-processor system each processor has
responsibility to keep shared resources such as I/O caches, TLBs and
:Menory interlocked for coherency. Typically "snoop" technologies will be

utilized.dn.n Bﬁt(g'zn'aﬂgxﬁﬁﬁ!%% : 9&%:5&%%%0#!}‘&@ “,ss&ggﬁxﬁiﬂylg{o%@gﬁm@ -each cache
r a shnar ,

|l i ne may be Tarked as being i'n any one o st at an excl usive

st at e, Bpchingedostatepvdanct Huvdki @3 stateplapd! thefkr kenicony bioder intoeder
facilitate sharing. 1/0O.units 3%4 provi.de t Qe R oCasRL V\fﬁt h means for

at t achi'Rg PG parApHET B HEVICes °F AEGdURG: TEHBE P HUI OPHY Hiter e  Diepl ays,
and netypordes; { Ak @XATR! Bield bllcd)seld M {3 ALLHOTHLEN: REES e 8 5Ky 1§ rcoNput er
program by software Drivers. |In Minframes such as the z/Seriés from | BM
Channelm@daptiers SerdstOpent:Syst effanAdapt erdstoare imROnsnictisnofat e avbling r ane

that proyide .t he, comuni cations. between the operating system and.peri pheral
devi codrha gl g HEEr BB FTOM th oD ALk T 621 TFe BRTAE ol co. of
Oper at io9i: GesaHddIgs, AR - arShiohe e lobfitdmw @W Qfw i BIRYL EhinSYELEM 05SHGRAGE: A
conput er systemincludes infbrmation in main storage, as well as _

addr esSirpgsopsptEsti ofcn iaHacl éf oy encacdnd Iehanyy stdewvridi gt Isorecaspect s of
addr essi_ng. {ncl. e faromt_ of addres o 0€. con t..of. r.ess spaces,
t he vaﬁﬁ%gghgﬁggg%%%gﬁdiréggégshgﬁgbﬁﬁégﬁ%ﬁﬁ%F?fﬁpmﬁﬁgﬁagggﬁgyﬁgﬁof addr ess
i s trangpiatipdiatier anaddieha ity pecobnaddiess-vadaie sefarain 551, dragewch el udes
permanent |y assigned storage |ocations, Min storage provides the system
Wi th difveetrs/aadrEssdnrecPalinteses |61 orages sredar 4 emser wara cahdl
progr ans. t. Fl%g@% LMo MmN storage (frominput devices) bel bre they
can beq%7%%g§%eg%& I dg%g%géga%ﬁiﬁfﬁblude one or nore smaller,
faster-access buffer storages, sonetines called caches. A cache is

typi cal |y physically associated with a CPU or an |10 progessor, VO

fustruction to be executed. A program counter in a z/Architecture processor is 64 bits and
can be truncated to 31 or 24 bits to support prior addressing Hmits. A prograny counter is
typically evobodicd in a PSW {prograro status word) of a computer such that it persisis
during context switching. Thus, a program in progress, having a program counter value, may
be nterrupted by, for example, the oporating systero {contest switch from the program
environment to the Operating system environment}. The PSW of the program maistains the
program counter value while the progrars 18 not active, and the progrars counter {in the
PSW) of the operating systery is used while the operating system is executing. Typically the
Prograrn counter s increracnted by an aroourt equsl 1o the number of bytes of the current
fustrection. RISC (Reduced Instruction Set Computing) fnstructions are typically fixed
length while CISC (Complex Instrection Set Computing} instructions are typically variable
fength, Tostructions of the IBM @/ Architecture are TISC instructions having a length ot 2, 4
or & bytes. The Program counter 311 18 modified by either a context switch operation or &
Branch taken operation of a Branch mstruction for example. In a context switch operation,
the carrent program counter valoe is saved m a Program Status Word (PSW) along with
other state mformation about the program being executed (such as condition codes), and a
new program counter value is loaded pointing to an instruction of a new program module to

be oxecuted. A branch taken operation 18 pororrocd fnorder to perrnit the program 1o make



The effects, except on performance, of the physical construction and use of
di stinct storage nedia are generally not observable by the program

Separ at e wechasisrry be maintained for instructions and fonr/ePasia/oeper ands,
.inliirmation within a cache is maint&ined in contiguous bytes on an

i ntegral boundary called a cache block or cache Iline (or line, for short).
A nodel may provide an EXTRACT CACHE ATTRI BUTE i nstruction which returns
the size of a cache line in bytes. A nodel nay al so provi de PRE: FETCH DATA
and PREFEI%'% PALA #%%Tlhvgvr rlr%q ‘!Qb",rh%& {11"('&%%}@9‘ tﬁ;h tazfof*’f?ﬁt&%r&ﬂgt 19#& et chi ng
of storage into the data nstructi onh cac e or t e releasing o data from
t he cacdhezraStiorage J4i3. viewed as a long horizontal string of bits. For nost
operations, accesses to storage proceed in a left-to-right sequence. The
string of bits i.s subdivided into units of eight bits. An eight-bit unit
is cal leg;ay Eb%%mr\{tﬁ't&h} di8y DRR 30DasiLpbuld dimgy Q{x%i‘trtﬁtf oald.pinf onpat i on
formats.” Each byte location in storage is identified y a uni que
nonneg,fatdoverilft eﬁertatcwrmo il Bl ecﬁ‘d!dme*s’guolmt rarudiypng’, Fogdtisomoorss

si npl y, e Adj.acen ations.have Lo

aar es o e SR e R bR G BB R s G S 1 g
sequenc@a i Bi:e888s: RI@ RS haBetmbicRaiy-icRtUel ScaRtGpangaddly FitQr 64
bits. Information is transnmtted between storage and a CPU or a channel
subsystifiiughenspyel ovthedigiions ot thypesicat wiiiches rmbb%asumi hérw se

speci fi t K st byte of
the g OS%Mp$h9¥9&ﬁ%8 mg{kggt 7§:9{?@%ﬁr§ﬁg%?§?%rﬁﬁ tzf%e‘g%{rgpexplrcrtly
SpeCIfhﬁﬂubyoﬁﬂ&impﬁm&hi®%§¢@t®ﬁt@ﬂ&&%ﬁﬁﬁﬂm%%hﬁ@nused |n a CPU operation, a
group of bytes is called a field. VWthin each group of bytes, bits are
nunbered in a left-toright sequence. 'The leftnost bits are sonetines
referred,.t el h t t, e

"l ow o?ﬁl f&k’%% il ‘"rtl{tah%{}rtrg{ehr S ‘3?‘2%% ﬂ?& 6%‘ ag’e({laiggrlre{g%éé@etﬁ%%q\ﬁlet%p Only

byt es oatnhdotemadz@tnesozedre pﬁ&sedp@aaﬂ%eat@h unmdtrt’y nﬂtjralfetbir tisit oh‘heahhytce unl st or age,

it is necess to acc he e he, bi.ts re nunmber ed
0 t hr odRed> t SR Oftﬂaﬁe *rrte g drbﬂ“%th“ adariéie" %v} & Kunber od

8-31 oryy ﬁ@pﬁ&eﬂ,@aﬁts 247 bé)?t A A eSSeS i unk B iy 332163ckhte %ﬁr@r‘te&wﬁddr esses,

t hey are” nunbered 0-63 tbr 64-bit addresses. Wthin any other fixed- Iength
fbr mat sobuirisedagl ee‘sdbyttesrmttlwembr tremakimguupntfheh fioit it dacri witprseout i vel y
nunber ed. es of error.

and
pr ef er a’lbll )}rlﬁg Opé,g(}_i,ilpé%?i 8hx!:il’6(%éji,8.}f8% H’E;H)é“téfési\ Y gt(,/ lﬂbg UbUUﬂ Opomnd» are

2011/ 16RF25RCHEP2OL04Q6104T0 & chidisy bed:rBent ansht tégdroaMtheeaghidyte or
with a group of bytes, Such check bits are generated aut omatically by the

machi nSUArd feaniotobelide ekt 9yibe ot rolondg peergsd &»egtmﬁﬁihe@wag@
capaci L I YR A& & é)c,tff gherrtn %Je §l 182 rggtt;t%i Wb%’}n oﬁlxg qgﬁph‘ﬂfi‘w%r .
storage op &rand 11 e by ‘the eratr co ‘hsfruction

t he f|Q&dthgSﬁhdrﬁgﬁﬁayEqa1&g%&ﬁshﬁngehkthlCh can be one, two, four,
eight, or sixteen bytes. Larger fields may be inplied for sone
instructions. Wien the length of a storage-operand field is not inplied but
IS st at@ﬂm%é@h% e d¥icafi PR iRl Ao 82 e%t&?uﬁ?&vﬁ)”a%%a{ 13kl & %t%"ﬂg;ttlﬂo

Vari abl e-1ength opérands can vary in length by increnents of orie byte. Wen
i nf or meHtioRqicd tpl mgediibn %&&ma@eo}tme%tomtenQSRmﬁmomwyrmhosemhmeM¢ocations

are repl. ced hat, are jnclude e, desi nate freld even.though the

o dth G et e e o bt Grge iy he Hrelbarothsi Ry 1 dtn of the
field beinaostaieds: Gerdial \Ehx!d@ﬁ H&r %Em?g%r% et | ONEQUSEHEREnPRG7 Ryl ntegr al
boundary in storage A boundary is called integral for a unit of

i nf or nEtoRy wWher! rwt@tnopawiédﬁrie%e tp §0€i iﬁ@ti@tﬁmrethetth@ hathnengtieiof t he

unit in iy ec iven to fi 16 bytes
on an In}qég?g{) 4%&%1& tlpomg,m T% %\1 drtrimgtsgmthmeuo optom%og%?]oégtcaatagse bytes on

a two- Qﬁtt@acbq{dﬂdfifxywamﬁkiﬁéai txtei@asﬂombmmbmmgttblwg&i ek ahdstdhueidons. A word
is a group of four consecutive bytes on a four -byte boundary. A doubl eword
is a grioeip retdterlgihﬁnféé)ﬁsfee@h%wt SIS AFrcaiight OBYHEH S B §EER quadwor d
is a gr A orage
addr ess%gg éig Satl éﬁ%ﬁgﬁﬁgﬁ% b}@ 3%}';635@&& %ttgcii g%é\;)i? pg@H@ﬂ%ﬁt?’im en; éﬁ;gt
blnarytbéonmﬁeokatnonmooﬁ&h@;aﬂdnaﬁﬂLCDﬁhaﬁhsh@neuhbﬁm;ALhnqehn@mttbur
rightnost zero bits, respectively. Instructions nmust be on two-byte

i ntegral boundaries. The storage operands of nobst instructions do not have
boundary-al i gnnment requirenments. On nodel s that inplenment separate caches
for instructions and data operands, a significant delay nay be experienced
if the programstores into a. cache line fromwhich instructions are
subsequently fetched regardless of mhether the store alters the
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| NSTRUCTI ONS: Typically, operation of the CPU is controlled by instructions
in storage that are executed sequentially, one at a time, left to right in
an ascendwvogosegumsce of storage addresses. A WO PCT/EP2010/067047

2011/ 160725PCT/ EP2010/ 067047 19 changs in the sequential operation may be
caused, by branching, LOAD PSW interruptions, SIG\AL PROCESSOR orders, or
manual intervention. Preferably an instruction conprises two major parts: 2
An operation code (op code), which specifies the operation to be perforned

2 Opti q{]ﬁil 1ya’n ﬂti gﬁn QQ%E’QQ‘?'}J!QQUQ& Jic,}?zemg%&%n §n tp% 1831”" 191' Qﬁtnﬁmrl nstruction

format s of rchitecture are shown in F, An instruction can
si mply mmmm@ﬁmmn@n@decﬁﬁﬂmd@r a;amxoomcmdetmaaovammetm mofschi el ds

i ncl udi i mredi at.e.op nds ot |ster specifiers for. |ocafi erands
1 oo eRatin S HORGI Y FHE e aBe i LAt CHrEC s F B RAPHVArS, ¢ hat
inplied resources (operands etc.) are to be used such as one or nore

speci fic general purpose registers (GPRs). Qperands can be grouped in three
cIassesﬁl6E§}amdsmkmda¢@@nuﬁ>wegMéhemsmﬁﬂhms@ha@eﬁ@p@mad@ghaang operands in
st or age, pli.cit N de3 I

oo of araar aee SR B8 PoudF TR Shkih M) TRl b bR NRER . o
cont r olexk @GS her SoaWMd ihikdtectyRe ofieghskBfdidentilied by.khe. op code. The
regi ster containing the operand is specified by identifying the register in

a f our -Hseferath ek exgalPodnt RpeTRep pebdsrads lti‘?féf!‘i‘«ﬁé‘tyrdUc}tiftiﬁhiw’Fb}‘ DEHRIENNE
I nStructs @édcb%n?&%{n%ﬂ?n éﬁgk o%axh%ﬁq Irg% ed 'Jnckhg n%?ch% a‘%‘% [ egi ster,

the regis op eran are Cbntalned
Wi t hi n debgstddisd Feder o n @mCB(t”hﬁu {&frelﬂmdb idiBrilih two 0Fpid3« B[}ﬂ? mfahﬁhdi gpnt ai ni ng

t he
register ficlds of the instruction.

The exccution unit 307 performs the arithmetic addition on two operands and stores the
result i a thivd operand where the thivd operand may be g thud register or one of the two
source registers, The Execution unit preferably utibizes an Artthumetic Logic Unit (ALU) 402
that 15 capable of perfornung a variety of logical functions such as Shift, Rotate, And, Or and
XOR as well as a vanety of algebraie functions inchuding any ot add, subtract, multiply,
divide. Some ALUS 402 are designed for scalar operations and some for floating point. Data
may be Big Encan (where the least significant byte is at the highest byte addressy or Little
Endian {where the least significant bvie is at the lowest byte address) depending on
architecture. The IBM z/Avchitecture is Big Endian. Signed felds may be sign and
magnitude, 1's complement or 2's conplement depending on architecture. A 2's complement
number 18 advantageous i that the ALLT does not need to design g subtract capability sinece
cither a negative value or a positive value i 2's complement requires only aund addition
within the ALU. MNumbers are commonly described in shorthand, where a 12 bit field defines
an address of 2 4,096 byie block and s comyvonly descnibed as 2 4 Kbyie (Kilo-byte) block

for example.

Referring to FIG. 48, Branch instruction information for executing a branch instruction is
typicaily sent to g branch unit 308 which ofien employs @ branch prediction algorithm such
as a branch history table 432 1o predict the outcome of the branch betore other conditional

operations are cotaplete. The target of the current branch instruction will be fetched and



i medi ate operand is called the |I field. Operands in storage may have an
inplied length; be specified by a bit mask; be specified by a four-bit or

ei ght - bi twbengtfsompeci fication, called the L field, in theEPrsbosmy7 on; or
have a | ength specified by the content4s of a general register. The
addresses of operands in storage are specified by neans of a format that
uses the contents of a general register as part of the address. This nakes
it possible to: Specify a conplete address by using an abbrevi ated notation

Per f
A S R A S R N St gt

)
regi sters for oper ands resse program neans w t hout a? eration
of the<nmsﬁmmm$t@nm@khﬂﬁh@@pmnhne;Lmdﬁm&ﬁdﬁmuhoﬁwnheﬂhoﬁatummcoﬁmﬁaﬂh ar eas

by dlrectly ddresses.recei.yed fr.om ather

2011) 160 7PN Bt 0/ GeroR T 00 T (At Bs odsettt 0 Br spethet or age ei t her
is contained N gk %h@h‘%hqtgﬁﬁbg%k ek @é!ucﬁt*"c% B»dfclz Shfid. Ao e s ruction or
is calculated ffoma base address, “i ndex and di spl acement, spécified by the

B, X, addeB fitsl deilitpespdotiveliy Grioncht e natnt aé thodmencitenrchen, GRUEES | n

t he access re nd or Rfie a n acc gi ster
- adaeron 1o BbrhsTusaa- R Mepherr At wdEY R0 Eull ST RIAEE N Fon
of i nsty:uetkheNgiat 0Pl aNgs e cpieferabhydesi mmiﬁﬂnﬁmﬁm&ﬂmﬁi@d agecond
operands and, in sone cases, third and ourth operands In general, two

oper ands- @éw@ulewpa@@ rpEite! st PR GITORNeBATt 4 20Th 20amd af et nub s ery epI aces
the fir, tol 0 W€ fawords in length
r%xbﬁ’Bﬁs aﬂ oAbl DR RN G &rﬁn%ﬁ?{‘a?g WEEY‘Qme L d%:}!j%&?hgﬁ;’e LRSd 9

and nus ocated in s orage-on a oun rring to FlGs.
5A - SHiglephcliingsicnstieucikdon 4LormabampRach instruction is in one of 25
basic formats: E 501,1 502, R 503 504, RIE 505 551 552 553 554, R1!1, 506
507, M5 555, RR 510, RRE 511, .R R 1" 512 513 514, RRS, RS 516 517, RS.I.

520, R%Lhc%%l% §§élf32'%£§,§2\:%’ﬁ§ﬁé§ 3&2%%&%%%}%33(& %sz?@f 5%% s@égﬁz S|

531, SIT., SSE with
t hr ee \awingtxi onschofiit RiETHY an dpeotol sRitgmRE frogRS; cmgtmﬁ)ﬁ%ﬂmlmmim 2RI E and
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of a plurality of programs (in a multi-threaded environment) for exampie. Preferably

context switch action saves statg information about 8 currently executing program and then

foads state mformation about another program being inveked. Sate information may be

saved in hardware registers or in memory 01 example. State mformation preferably

comprises a program counter value poiniing o a noxt 1struction fo be execcuted, condition

codes, memory transiation information and architected register content. A context switch

activity can be cxercised by hardware circuits, apphication programs, operating system

programs or firmware code {microcode, pico-code or licensed internal code (LIC) alone or

comnbination.

A processor accesses oporands according to mstruction defined methods. The instruction
may provide an iromediate operand using the value of a portion of the nstruction, roay
provide one or mors register fields explicitly pomting to either goneral purpose registors or
special purpose regisiers (foating poud regsters for exarople). The fostruction may vithze
raphied registers wWentitied by an opcode field as operands. The instruction may utilize
memory locations for operands. A memory location of an operand roay be provided by a
register, an immediate fleld, or a combination of registers and immediate field as

exerapiificd by the z/Architecture long displacoment faciiity wherein the instruction defines



operation and sone details about fields: RIS denotes a

regi ster-and-i mmedi ate operation and a storage operation. RRS denotes a
rc. gi st erwoant/16e72gi st er operati on and a storage oper at ipomEP2&Gblos70dENOL €S A
storag, e-and-i nmedi ate operation, witts a 16-bit imediate field. In the I,
RR, RS, RS1, RA, SI, and SS formats, the first byte of an instruction
contains the op code. Inthe. E, RRE, RRF, 5, SU., and SSE formats, the
first two bytes of an instruction contain the op code, except that for some

i nstr UthkR“? Dok DR 1R W&H@Er’ antd 19&1&%%’3?\ 3( by Q“lyé{uﬁfi‘% dﬁ ‘Zz? 41\ in the
R and . RI ‘forﬁas I's1n r &t bi t p05|t|ons

| 2- 15 t@ficﬁ:m tm psstvr’lstdhsb Mdicﬂsmitlttenﬁiﬁﬁ 1%@,&’&3}1 OR&GL MFIORXEEHiRXF RXY,
and SI'Y f.or code is in the first and the S|xth byte of an

th

i nst rudtieh'y ’mﬁﬁ‘ébﬁ% 0 JioP BT TEE YL HE U TpREC d%”‘é‘*hf) CByPe 9 He op code
specify the Iength and format of the instruction, as follows: WO
2011/ 160725PCT/ EP2010/ 067047 21 In the RR, RRE, RRF, RRR, RX, RXE, RXF,

RV s'' RASrinRBYFHRIIC, d@@ﬁb‘@r sandseRMorfprnas, Laddd reontenti§. 8k t he regi ster
desi gn ar th rst o | ster
cCont of nioay Vs T 2D gyttt -G8 narrbtty e aPiucPEsTRE AR FIRLT oper and

.| ocat i@Bsand anGheSRARLE IR Baling 6@ Fobind R 1 redifiod 108 dRRnoRBExe xBEah and RRR
fornats the .1?"2 field desi ghates the register containing the second
oper andocasing. arhesRETforsl b irEyoTgEsiog harstanas SwmedreyPEeraray RPEHS TRRE,

e o S PR o A0S, FRHEELS BB, o,

MB fi elidiispegif yidagddormsk.in Thewk/ w‘?j al Idadisgnates a0 gener a{ @maaa@cess
register in the general .instructi gleneral register in the control
i nst r ucef Y, 1Catd eI DAL | Hpete ‘“rié@‘iﬁs*? é?rid%frf‘“?tl@]‘e%‘ﬁ&w‘vﬁlé@|"s‘iUeF1C‘1 n the
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register operand is in positions 32 register
occupi esera: heccertliin erdeegh Stadisjordepeidd ngy @nmiuhm 1qanﬂs® it iu g%uemzri ieglmestsh%ésf)l

f or mat ont nts f ght-bit immed ta field of
the T nderapciom g B bomedetn e ke obe hy et Seddie: the
cont ent$-i0fs hR1LLIALKDRAL. uﬁm%@%&m&%@c B elhal gtulnﬁe 12 4.k aligheobs e
instruction, are used directly as the second oper and Thé Bl and DI fields

speci f yo pheidd rstinepenandinzwhiety drstasies bwrévir Bohemgthtionnmihee SLt\Oif or mat ,

t he Oper ti O sane.. eXCQ \ .

O T P BT T e A .
| MVEDI AEEuaTW%TEEIH&k EMERD wEMVEREATES 1680 HAL B-WORD:MVERIATE, and MJUT
:TIPLY HALF WORD | MVEDI ATE, the contents of the 16-bit 12 field of the

instruction are used dlrectly as a signed binary integer, and the RI field

he. 1 nefr o B R e Rk et B RS B R L MR

TMLL), aibesce, n‘t’en;tlsamast\&eﬂ&;’oﬁmeh@ rafeered s o ‘dsgianinmEsicsscahshd hefcRlvd 1 el d

speci Ia?‘igrctqaﬁ fllhfsit»aﬁu%ra?{gicqx»m%wcs%’tlugi 12%}3?&563&, alr:,n e Idgg Qled to physical memory
location by one of a variety of Dynamic Address Translation (DAT) 312 technolbgies
fcluding, but vot limuted to simply prefixing a virtual address with an offsct value,
translating the virtual address via one or more translation tables, the translation tables
preforably covoprising at feast a segment table and a page table alove or in combination,
proferably, the segment table having an eniry pointing fo the page table. In z/Architecture, a
hicrarchy of translation s provided ncluding a region first fable, a vegion sceond table, a
region third table, a segment table and an optional page table. The performance of the
address translation is often mwoproved by witlizing a Translation Look-aside Buffer (TLB)
which comprises entrics mapping a virtual address to an associated physical memory

location. The ontrics are created when DAT 312 translhates g virtual address using the



For the instructions .|NSERT | MVEDI ATE, AND | MVEDI ATE, OR | MVEDI ATE, and
LOAD LOG CAL | MVEDI ATE, the contents of the 12 field are used as an

unsi gned wonaryiconeseger or a |l ogi cal value, and the R felmb2epsciohii es t he
first operand, which is 64 bits in lewgth. For the relative-branch
instructions in the Rl and RSI fornmats, the contents of the 16-hit .12
field are used as a signed binary integer designating a nunber of

hal f words. This nunber, when added to the address of the branch

i nstr quta'n DioPRE ELf"’éiﬁéufl 16 prtt%@% x@zqg{ %%ﬁ (TR QlldIf{ %@ngﬁf)gﬁﬁﬁzglp/ 067047
22 For relative-branch instructions In DR ¥ or nat leld is
32 bit sttdhdiths tusads b nsx«tdneufmaima’l'mayaﬁd%owabit:Mecm,eiaaﬂ L#dbranchiay bstructions in
the RI and F I fbrmats re cont nts of t?e 16- )g“ fleéd are used as a

si gned BIHETSDY A EFSY CHESFGRET mgcz%‘ Hiinderaaie haFrhera gy SStitinber , when
added to the address of the branch instruction, specifies the branch
address. For relative-branch instructions in the RIL format, the 12 field
is 32. ibithescaand b tis B cbnot he rsarmesanay 2 nROn-prdhe sl Bystonmath pristssact i ons

COVPARE | MVEDI AT D_BRANCE RELATI VE. MVEDI ATE AND
BRANGHEEL ATTUE T A Reght Bt BT BT T2 pool B & GUBE M r ect |y as t he
second i@pasand HRhaihey Ribidior mohNebraoh dions i CCMRARE E:MVERE AR AND
BRANCH, COMWPARE | MVEDI ATE 'AND TRAP, COVPARE LOG CAL | MVEDI ATE AND BRANCH,

and COVPARE-LOEICALN f MVED Vo TciNDCTRAPE Hiiaeobn ent-ed 65 being 118w bit 12

| ot rug oS CEVEREE. AR5 BRANGH FELATT VR, CONBARENNEDI ATE AR BEARCH

RELATI VEf:cGOMRARE 103 CAL AND BRANCH RELATI VE., and COVPARE. LOGd CAL.
11\ 4- MEDI ATE AND BRANCH RELATI VE, the contents of the 1 6-bit 14 field are
-u used as a signed binary integer designating a nunber of lialfvvords that

are ad(i?? ub® 106, A0AE 8RS, Ol sl NGNS I\/MFE HG %8{}; Bﬁl&%@ Jthﬁﬂ E@%[ﬂngggﬁﬁss For

the RIL-format i'nstructions ADD |

: LOG CAlapWWTFek. Sir@NED (FMNED, ArT&;letmpAREeﬂmﬁyEDIEATEolgx @Wﬁ%eﬂmkmuhe
IMVEDI ATE, LOAD IMVI%D ATE, d MJ T}v LY. SI NGLE | MVEDI ATE, Eﬁ nt ents of
the 32-BIHFPUH5 PRISSR “4ret Uewd aiFedt M HE BN H %%%%ﬁdkdpé?fa Bheor the

R S-f or<m§mém§{;aw@$ &i@r@;ﬁent dile,te@@ Rti@ﬂ%ﬁ a@é a @)h%u%fmct]\ dahieleh: %&ﬁ;d&s ed
d| rectl éas t he second operan In th format, the contents of the 1

6-bit % fmerrﬁdmaﬁr@méedmﬁnrﬂedmwdtals ‘»tvﬁem%d@ndplmdr@ndw The Bl and DI
fields specify the first operand, as described below In the RSL, SI, SIL,
SSE, and nost SS formats, the contents of the general register desi gnat ed

by the Bl t@l@iﬁ)@iﬁ&;f@ﬁd@@dﬁ@thﬁ hevepntcent Priafiptcher Dibefikigh dedceibboram t he
first- operand address. In the RS. RSY, 5, SIY SS, and SSE formats, the

cont enté&ctgrctuhie viene afopagi s Eeny

STORAQGE:

A computer system inclhudes mformation in main storage, as well as addressing, protection,
and retorence and change recording. Some aspects of addressing melude the format of
addresses, the concept of address spaces, the various types of addresses, and the manner i
which one type of address is transiated to another type of address. Some of main storage
meludes permanenily assigned storage locations, Main storage provides the system with
directly addressable fast-access storape of data. Both data and programs must be loaded mito

mamn storage (from mnput devices) before they can be processed.

Main storage may include one or more smaller, faster-access buffer storages, sometimes

called caches. A cache s typicatty physically associated with a CPU or an V(0 processor.



WO 2011/ 160725PCT/ EP2010/ 067047 23 designated by the B2 field are added to
the contents of the D2 field or DI-12 and DL2 fields to formthe

second- opgoand/modsess. In the PA, RXE, RXF, and 1?,..>@¢1/Eroemmtm47t he
contents of the general registers desiignated by the X2 and B2 fields are
added. to the contents of the D2 field or 1-311.2 and DL2 fields to form

t he second-operand address. In the RIS and RRS formats, and in one SS
fbrmat, the contents of the general register designated by the B4 field are
added t 0 t £ ng..addr ess.
'n the '@ é J?ﬁmﬁrhtn\k\?\ﬁt& ;g}ig?iﬂ?rfewet he hﬂk E) [e,m; hli'be?% t}fngl aE Q?@Eﬁ%(ﬁ? éﬂ): :‘?gq,
instrucnmbm&eewﬁhﬁnﬁbet&a@m&ﬁkhﬁﬂﬁan@@wﬁtMDVE (NVC) NUVERI CS, MOVE ZONES,
and OR (0C), L specifies the nunber of additional operand bytes to the
right of the byte designated by the first-operand address. Therefore, the

I engt h %Earlﬁ%td%éh&fminhteﬁ ﬁthﬂhﬁttme%%f %QQudt%nl% anRP (GQIJ85RANdERG L2 | ength
code in . ‘Storage results replace the flrst operand and are never
stored ednsﬁdeihhenﬁﬂe&dubme@nﬁwedhbywbheaa@dﬁeskhamdﬂheﬁ§t¢nc4qﬁxth|s
fbrinath,i he s nd oper a d 0 aq | en Hh a 3%3 Ag Perand There
are varlo e e Her B e Ry - dore AT b P Rdt e O EDI T A-ND
MARK, PACKR ASONH insRACK nUNLEORy I RANSLARE cLRANSLALE SAJ\ID@ 1ﬁﬁ§TmaUI?aJBACK
ASCI 1, and UNPACK NICODE. In the SS fbrmat with two length fields, and in
the RSDT¢GHHEREFETCEPRATH ©d THE MUBEA b R&dd%ﬂ‘ﬁhbﬂ"ﬁpé‘lé’éﬁ@%ﬂ@@ to the
right q b h |r a ef.ore, the

| engt h By ren B A FRL AR B B DR R O R e ML

code Iﬁwwﬁﬂ@k@&ﬁl5 Simlarly, L2 specifies the nunber of addltlonal
operand bytes to the right of the |ocation designated by the
second-operand. address Results replace the first operand and are never
Stored sohlsl eibhe JJ.eh saeehl el ke RAdRss ANt Snalflo, dfudhg T 1t
operand‘ls onger than the second he second operand i's exten he

| ef t muthxzémoskﬂmwwqﬁﬁhe1%engthee@mgmebﬁsmsmh@@ehémdouﬁhtet@g%éﬂsron does

not nodj f e second, ope and n.s e. t with two R
fields, %g‘”{?rsl@a“%hﬁﬁéﬁ Tdﬂei%ﬁ\fgkrﬁg‘*%&% ﬁ?ﬁ%%ﬁl SEERTAOVE W |
KEY i n%rﬁh’éﬁ&'%@§bu‘éh&a@;@ﬂ%@ﬁ%ﬁag@tx ﬁi@'&d&%f!@r@lmt t%r@heratﬁeeg fd-egnby id he R1
field are a 32-bit -unsigned value called’the true | engt h fﬁe operands are

bot h ofthfaadde%gt}h d@abﬁeéhctahen ef. ﬁe@rt mibe bmgaﬂﬁicrﬂrﬁ‘eh@fvﬁté@tn tﬂeaﬂmngtm | s equal
to the true

condi ¢ OREBAE T8 o Freges Brogy it he' EPRssn To avh T REN BERT Runber of
byt es spegidiede Bysithel dindse ilengt nd F8e4SS bovmalswith two R fields is also
WO 2011/ 160725PCT/ EP2010/ 067047

Information s transmitted between storage and 8 CPL or a channel subsystern one byte, ora

group of bytes, at a tirae. Unless otherwise specificd, & group ot bytes in storage 18 addrossed

by the lefimost byte of the group. The number of byies m the group is either imphied or

explicitly specified by the operation to be portorroed. When used fnna CPU operation, a

group of bytes is called a ficld. Within cach group of bytes, bits are numbered in a lefi-to-

right sequence. The leftmost bits are sometimes referred to as the “high-order” bits and the

rightmaost bits as the “low-order” bits. Bit rumbers are not storage addresses, however. Ounly

bytes can be addressed. To operate on mdividual bits of a byte in storage, it s necessary to

access the eotwe byte. The bits in a byte are vurobered 0 through 7, from lefl to right. The

bita 11 an address may be numbered R-31 or 40-63 for 24-bit addresses or 1-31 or 33-63 for

31-bit addresses; they are umbered §-63 tor 64-bit addresses, Within any other fixed-length

format of multiple bytes, the bits making up the format are consecutively numbered starting

from 0. For purposes of ervor detection, and in preterably for correction, ane or more check



24 used to specify a range of registers and two storage operands for the

1 ,0AD MULTIPLE DI SJO NT instruction and to specify one or two registers
and one owobwn/mbrsage operands for the PERFORM LOCKED @PERAId 1067047
instruction. A zero in any of the Bi,18B2, X2, or B4 fields indicates the
absence of the correspondi ng address conponent. For the absent conponent, a
zero is used informng the internediate sum regardl ess of the contents of
general register 0. A displacenent of zero has no special significance.
Bits 3%.and 32 .0f the cunrent (PSW.area. th SSiNgs Ande.bits. Bit 31 is
t he exﬁgﬁggaaéég%gégﬁﬁéHﬁgﬁghg??%ﬁgﬁﬁl%Q&uggg?gsgﬁgg%ég?%%ggdgessing-nDde
bit. Thessabdtsooontsibl it the rsichmecahd thece bt dotdtvevatdi@sisy (e gdyced. by
address, generation. Wen bits 31 and 32 of Phe_c%rrevt,PSVMbothlgr zer os,
the C PUFE® P2 94BPEYSddp BYEPHY o, WaRY "2t of RSPFUCHPsH End

oper and;gf fieghlive, addresses, ark genehateds, Wien il .34 ol Lheeurrent PSW
is zero and bit 32 is one, the CPUis in the 31-bit addressing node, and
31- bi t limgh.radotii om anehcoper, dnd. effiect iiviecmddredsusy dcils gandratgled YWen bits
31 and 32 of .the current, PSWare both one, the CPU is in the.64-bit

2ddr esst RS e o Snd A B B RSP QBT ORAr R Bre B i sses are
gener ategflic X QaUELANs Ofid WBHLUCLEERS DY NPl bavBbyesngenarakian of the
addresses of instructions and operands. Wen an instruction is fetched from
t he | odatdtiohy destrgiat ey vth &Y eurinEntPews Mdved Mhgeregethomaddi ess i s

i ncreased Qv the, of _hytes.in the.nstruction, . angd the j yction is
executéﬁgi$§%“€§ﬁ§%§(g%ggé?gx%ﬁi%h?g%2§¥%§%ﬁé%%g?ﬁ%hﬁﬁgqﬁgthhqﬁéﬁ% t he

i nst ruchd enjtaddnessytionfathab ddigzenext bd pstieuthih ar lensth hédsalendeg I n the
24-bit addressing node, instruction addresses wap around, with the

hal f wortP™8¢ i nstruction address 22 - 2 being followed by the hal fword at
instruction address 0. Thus, in the 24-bit addressing node, any carry out
of PSWhbhit position 104, as a result of updating the instruction address,

i s | ost{erfam trhie (B Inthirtatam 1646 b b addriessi ngndaden sionger Adbhodrraddr esses

simlarl a round,. wwth the hal fword at instruction_ address 2- -- - 2
or "o6a e TR0 I i Gy T He RAPRREIIS AUTHGE PhOE B adr ess
0. A capd ¥nioWs@fs, BRWMDIEAPOSLLIOR (Q7-0k 84, 4 eaPeCE byl ¥n ah SubPst . WO
2011/ 160725PCT/ EP2010/ 067047 25 An operand address that refers to storage

i s der ibpedddry olrhaifwpt ie p pediratféwo abmecuihi Ntesaintdero-inge bomtdained i fhea

regi st ot deshanated, by an Rleld.dn the Lostructlon or ks, cayculated from
the suldF "FHYE8 “BIR&T Y HUREER ™ BHES AHEFEES ) KekS A d <P ‘ae8ivent . The
base adgtenmntB). hslsabBdoll & snuahes: santahaedidbdcganer akntiggi st er
specified by the programin a four bit field, called the B field, in the

i nst r udERBHY Bageriadr essBeus ah | eoiisel VAP YIS mEan'-Biftc Padsisen dék v

addr essj each. [ £l irea. | reay.. uliatlons, it can
desi gnat At sRaAr TP AR R B0AR ool ol ol RSB BRS¢ e
i dent i fryprithetatiec of the aliiesbaseaiaddie sso phav) daebuf arhiaddresshing the entire
storage. The base address may al so be used for jndexing. The index (X) is a
64- bi t AEADEE E IRTRIHEY ’mﬁ@f«‘ GEABPAY G aGREY 8P UHEEFYNAE St iF WRECHT Bgram in
a fbur-Qit fl l?tgunsQi@lnlo'?ga%_hb%11?1%5&!%%&1%111{%1@ g LRstruction. It is included
only in the address specified by thée RA-, E-, and RXY-format
instructions, The RX-, RAE-, R XF-, and RXY-fOrmat instructions permt
doubl e ,indexi.ng; that is, the index .can be used to provide the .address of
o ol eATORET Hih P A B REHE  B Sie a 9N 4 Ve 0 oy ¢
nunber LeRtAI QA0 @bl el peakdedothenR f dsehdind RodR@uENSLAUS OB A
12-bit di splacenent Is unsigned and provi des for relative addressing of up
to 4, 095bwytesivbeybed redredibocdrilohcddsisgnatieds by inHecbasethaddeess, A 20-bit
displacg %ptmh%fakgpgd and provides thr relative addressing of up to
524,28?"y9%S"eyonﬁ“the base address |l ocation or of up to 524, 288 bytes
before it. In array-type cal cul ations, the displacenent can be used to
specify one of many itens associated with an element. In the processing of
r ecor ddNSHRE i i6Piscenent can be used to identify itenms within a record. A
12-bit -di cenent...i g . .nbit JAT 20-31 of Lnstructi .of..certain
fornatg%p(ﬁh%ﬁggﬁﬁ%?f%ﬁgngg”g%ﬁgﬁpgéﬁgfg%ggéggéghgg%%%gﬁ%d%?%fﬁ%ﬁ%nent al so
i S in tshewnnsiy, wot kontiinn, biito paki ikizonsce30x¥ Gequence of storage addresses, A



A 20-bit displacenent is in instructions of only the RSY, PAY, or SIY-
format. In these instructions, the D field consists of a Di, (low) field in
bit positwonsi112@e®% and of a (high) field in bit positi @o3s/EP20188670Men t he
| ong-di spl acenent facility is install®d, the nuneric value of the

di spl acenent is formed by appending the contents of the DH field on the

| eft of the contents of the DI, field, Wen the | ong-displacenent facility
is not installed, WD 2011/160725PCT/EP2010/067047 26 the nuneric val ue of
t he di spl.acenent.  l.S.J g by, . ndi.ng: ei ght. .zer i 1.h ; of the
conten?gﬁggggﬁ@’%ﬁ§??%{g§gggﬁ1?ﬁ£ﬁ53%?%%§§gg%dﬁﬁﬁqéﬁﬁ??ﬁ$g’%@€n$g%%fed. I n
f or m ngsiGhhll ARG A erdsunyt ttheecbasevadamess and i ndex are treated as
64-bit binary integers. A 12-bit displacenent is treated as a 12-bit

unsi gned binary integer, and 52 zero bits are appended on the left. A

20-bit dbsphacermatydsntheated @8 AugOubit igned binary integer, and 44

J

bits equal to the sign bit are appended on the left. The three are added as
64- bi t* i ;ryiomnsbe sy cidghorliivigsrovéict HowpeThien 8UM pefahwdys 64 bits | ong

and is ysed as an interpediate value to formthe generated address. The
bits of THET M arEHAr B Al o Ohra GUNEePE (63, A zero in any of the BI

B2, X2, or B4 fields indicates the absence of the correspondi ng address
conponent. For the absent conponent, a zero is used in formng the
i nt er nEHACEYS {ITaeg dbdl g urhe e serivie nt i (of SgShedal niaghigt ert 0. A

di spl ?‘%?H;gg%r%d%ﬂ%{ {é}gﬁ‘ L 00 oN agdgﬁ'g%cij@1”(!'(){&-%%“8@1‘?@ié(%“z‘%@hﬁ&aii&?&e‘E!Sfé I on

descri pti speci at a ‘general register designated.
by an Rpbiglidoakegisusetkcliarafidiessnanpapeidnd:dinasbohagenchh&he €gisder
contents are used as the 64-bit internmediate value, An instructjon can

desi gna&t® A SRTES Efé”ﬁ'éfﬁ’aﬂ HdGiSPR e BYER PP AT B4 §CBRPULAL 196R 2Rt as t he
| ocati o Ol a0 HREL gzgzi ?ﬁ}g&!!&%@mﬁﬁ’m{i@} | OBk 91sCOBL %ﬁﬁgcd Qleﬁlp.’regti?{%&g&l. sters,

i f any, are change operation. Unless otherw Se rndicated I n an
i ndi vi dgatasilnstatad i episdef, imbkie, ojfjchevigend rateddopetangk. dddraaess vdesi gnat es

the leftmst byte of an operand in storage. The generated operand address
o al S B BPUCTGRG RGY ERGCH KaFe hORBEr S g bOB AL ReAfer | n whi ch
the genenaked.Rddiess, hscRpbaipad{ nom hbhe denireriadi atqinaliiazdepends on
the current addressing node. In the 24-bit addressing node, "bits 0-39 of

t he i ntcededdicat@steatueaiaine tagrerad, s kidcg:0-1894ofiilyhe tyerenar éd2 &ddrgss are
forced to, be,zeros,.and bits 40-63 of the.internedi ate val ue becone bits
20 65 o ng GERERE R ndie BB Rirab S TR b ORI 0. 52 o
t he i ntighedl atacvabdeake, HgRan e, bt isnlzd8vel: dihe:genenalied addrgess are
forced to be zero, and bits 33-63 of the internediate val ue becone bits

33- 63 ¢f¢ fHepeharedt Bddress, andihe BHat 62-0) pr Raby Skl wytwwdetehits 0- 63

of t h.e ;%n%e%?a : cqil’e%t‘ﬁi M@!ﬂlﬂf% tgg con| Qé&%m@i @%t@qggc‘:trg% Q&%%E}Z%E*J%QGC?%?{L@}S fa
Negati ve val ues may be used i n I ndex and base:addr ess ®
specified by a bit mask; be speeificd by a four-bit or cight-bit length specification, calied the
L. field, i the mstruction; or have a length specified by the contenis of a general register,
The addresses of operands in storage are specified by means of a format that uses the
contents of a geveral register as part of the address. This makes # posaible to;
Specify g complete address by using an abbreviated notation
Porform address mampulation using wstructions which emaploy general registers for
operands
Meodity addresses by program means withouot alieration of the fnstruction stream
Operate independent of the location of data arcas by divectly using addresses recetved from

other programs,



WO 2011/ 160725PCT/ EP2010/ 067047 27 registers. Bits 0-32 of these values are
ignored in the 31-bit addressing node, and bits 0-39 are ignored in the
24-bit adstoessimgr2sode. For branch instructions, the adecespeb/otiver next
instruction to be executed when the hwanch is taken is called the branch
address. Depending on the branch instruction, the instruction format nmay be
RR, RRE, RX, 1?,..,XY, RS, RSY; RS1, R, RIB, or RflI" in the RS; RSY and
RXY formats, the branch address is specified by a base address,

di spl a ﬁg%qﬁruﬁngd 1%51\{&'1@ bRXXi?a’n‘q{hR‘ &Y nﬁ'q{nglﬂzf L ﬂ%én:ﬁh@b% ﬂ%%@ fit ?r mat S

t he generation of int er medi at e val %e sdame rul es as
generanndm1eﬁﬁmhenopemahdhadﬁ&@s31wmiekheduaﬁ®<waddepatmnmhﬁﬁaﬁﬁamdyREF

formats h of the ene al |st deS| ted the R2 field
Lo et Bosy e R e T PP bhotat Bhefhe SRR Bl lSs e ot e
Generahcu%9}§$§éaQ%@ﬁﬁGP&i@ﬁsQ@ﬁ@gﬂé%ﬁﬂxéérEQQE@hﬂkﬁguﬁ19%8B§@m&ﬁgress A
value of"zero in the R2 field causes the |ns%ruct|on to be executed w thout

branchhpgﬂfF@eﬁdehaf&vé»bm@n@h nmngmetH@Mgi@ne<HMhmﬁEMR$nﬁuﬂﬁx PIE, and
RIL fbr nat rmat s . the.relatives branch
Mot ocePah@es i DEl SRR B DO Rk B B B RIR S e
bi nary deR$eQeks degh@natingn e nurbesnotiohakddang Sind i oher Rblackbiheedhs: the
contents of the 12 field are treated as a 32-bit S|gned bi nary i nteger

desi gnat¥¥gda nunber of hal fwords. The branch address is the nunber of

ha: | fwords designated by the 12 field added to the address of the
relative-branch instruction. The 64-bit internmediate value for a relative
br anch Amss#rigichanedd) thherRoke BRFyoRk B leagihREE hint bRl ciisd theosumek two
addends, with overflow. from bit p05|t|on O.ignored, Inthe RS, R, or RE
f br r oat'* ! FRE PristTvatlaBHds ' ke Tont éﬁ%@cw PREIds PR Weh one zero bit

appe”dg%t%%u&g% {ub?@%f?*ﬂgdsyio%ﬁ&& ?%? Q Rfﬂ?ms EHQEISE g% ntents

append except that SARE AN BRAN , COVPARE
| MVEDI ATE, ANDSBRANCHIREEATHRN/E] (,GCOMPARE HIQGH CAL! AN, BRANEGH RELAT| ME! and

cont entUoF S ALt PG A7l E A BTSE dppohiEd o Hestrs BEd0alov For the 12

field, 458 $esRI kofonmat,sitkheskir sisraddend dsg mev,%mﬁ;%@wm@fma herd? field
with one zero bit appended on the right and 31 bits equal to the sign bit

of the teont &htBilapSendbdSeniivhel Rgf end 3 all formats, the second addend is
the 64-bit address of the branch instruction, The address of the branch
instruction is the WD 2011/ 160725PCT/ EP2010/ 067047

The format names indicate, in general terms, the classes of operands which participate in the
operation and some details shout ficlds:

« RIS denotes a register-and-immediate operation and a storage operation.

« KRS denotes a registor-and-register operation and a storage oporation.

» S1L denotes a storage-and-immediate operation, with a 16-bat immediate field.

Inthe I, RR, RS, RS, RX, 8L and S8 formats, the first bvte of an instruction contains the op
code. Inthe E, RRE, RRF, 5, S1L, and S5E formats, the first two bvies of an mstruction
contain the op code, except that for soroe justrochions n the 8 format, the op code s monly
the first byie. fn the RE and RIL formats, the op code 15 in the first byte and bit positions 12-
15 of an mstruction. In the RIE, RIS, RRS, RSL, BSY, RXE, RXF, RXY, and 51Y {ormats,
the op code 18 in the firat byte and the sixth byte of an instruction. The first two bits of the

first or only byte of the op code specify the length and format of the fmstruction, as Biows:



28 instruction address in the PSWhbefore that address is updated to address
the next sequential instruction, or it is the address of the target of the
EXECUTE iwetwuctsims i f EXECUTE is used. |If EXECUTE is uged/EPpoohe703#- bit or
3l-bit addressing node, the address aoft the branch instruction is the target
address with 40 or 33 zeros, respectively, appended on the left. The branch
address is always 64 bits long, with the bits nunbered 0-63. The branch
address repl aces bits 64427 of the current PSW The manner in which the
branch ;addr sk RRESRARIRK QAL ek ey Tedite wal ug dependson the

addr essi ng” node.  For osé branch i'nstructions which change t e addr essi ng
node, tﬁmmneﬁhaﬂﬂﬁaﬁsmm@cnm@muukuq&ﬁdihjﬁnﬂhhtﬁﬁimbmahahﬁfessnpgambde bits

0- 39 of t he |nterned1ate yalue are. i ngred bltj Sg of. the brfnch addr ess
are madeSEHEST CUHOBREE WOt BFTBI F REVFHP ST R U t‘“éM FuSTHEEGHE  bits 40- 63
of the &ﬁ%@ﬁhaQ@Q&ﬁ§§mcdﬁ;@Qﬁq§ﬁap'QnQQQU$3§RﬁQ%@PQ§jRﬁuiﬁugm3%h9&ﬁthe
internedi ate value are ignored, bits O- of the branch address are nade
zer os, fahtdpigreic33hB3gpfer &@@ammhmﬂacd emraﬂuh @n‘ﬁécdﬁ%ﬁwnmﬁ%@mf t he

b h dd t h ,
't or mih S AU “bBgoRaTBIEL. OgaRer Kenathy MHER BT ERs T e Sk Bl
branch f:ns8sdald HNGe ARG, NG 1HEPCRASROR Bakd:sfiyi RY frispeeikiedseandi tion.

When the condition is not satisfied, the branch is not taken, nornal
sequentifalicidsesitices prmekddut’ Gnldcsnantioes sonwrd oF kecobr waBHT Aldeassers not

oo BTN SR MR RSl sl 3t ppb e o1
storggeLﬂSapﬁghéﬁh1ﬁbebbgayp@mom@ﬁamkmm}kAgsﬁﬁ@sﬁﬁa?meﬁ @Xﬁefﬁﬁﬁn due to
an o ranch address and access e s due to fetc |ng 0 e

i nst r uCERYRT AR B %\%Ewm@aﬁr%ﬂf&f% S %ﬂt TPEHBGM Sedrias s APt SdEL e branch
operatifQ Nslead. arg, recogni zed as exceptions associated with the

AL
executloﬁb P”T%e instruction at the branch |l ocation. A branch instruction,
such as BRANCH AND SAVE, can designate the sanme general register for br anch

address ¢o tation and as .the .l ocation oper,and addr ess
jpgelipgs R R IR oo N S S R I ek b ot S

per f or Nedruclibhe BY @G- SLAIUSe WL E: PPW. s1dBset i deds hiythapketidpiCont rol
contains information fequired for proper program execution. The PSWis used

t o contimslcdisstdatictildnbs Bylidact Ay fandiction ot decdnigreithdisciit ecaohé ostratdis  of
t he CPqﬂ

011/ 1607 SHREr eboab Pk T A5 88" RLEHl sie oPEhM i G bte Y, ng PSWis

cal | ed #&h6u: ClHiE 6ENLRSMLBrLARCHK RS BLUSTE | onbDperfal:myd h@dﬁh’éﬂ&@ oAangs of
deci si on naklnghiloo control, and subroutine |inka branch i nstruction
i

af f ect ditthde t f@ﬁ“@édﬁ@ﬁé’i’%@%‘%‘*l r’h@%éﬁ&?ﬁg’ﬁ%ﬁﬁm%Fﬁéﬁmcfdfﬁéﬁj iHdr ess
into t I, The,. G Ll 1 Wi § 6-bit 12
Lo gl?ﬁxgyv{&éﬁiaﬁtr)i é}Eﬁ%WD Rep al%% MEL E}E&a@{%!} 'rvﬂ}sféﬁe);f%g; ﬁn%I 3[04'5,, hIIE@ES %6 ot
byt es G{ADFWQE{IGZ}MMEBESTE ahat;a;memt, of ‘Ihb&hhﬁ&ﬁtﬁc_&mubﬁ;c tilver ubfﬁ@ﬂ&b used
instruction, wthout the use of a base register. The relativ ranch

i nst r uckicehsavd tE0E WpaTyiiRieay. $1ddby! \éﬁlc&ﬁpsﬁﬁéﬁéHieﬁg%veaaﬁ ot AN AP an
of f set (filR. | c%}ﬁll Hﬁy‘%@m\ s o 1Y E}Qﬁu&bn@ ,, ﬂg’trgéﬂc%sl“ fel @Wﬂfﬁﬁ‘@%ﬁﬁe
Iocatlon of the“branch instruction, wt he use of a base register.
Faci | i t{leEif of MldcitdiioH, hhﬁliﬁgthamempmmw“ded“’ bﬂyicit‘iremeﬁmmﬂ\mmaml ON,
BRANCH,RE%ATI¥E CONDI TI g ﬁgﬁNCH REL TI VE ON CONDI TI ON LONG

i nst r udtiOHE A SE T HIEF Gt MBS | Et¥ '3*%onditi on code that reflects the
result of a mpjority of the arithmetic, logical, and I/O operations. The
condi ti on code, which consists of two blts prOV|des for four possible

condit ﬁ@mikg.gg@ng:@fwm h\gg‘: ROIMMEDIAGAASD IMMED] ATE, OR IMMEDIATE, and
LOAD LOGICAL IMMEDIATE, the contents of the 12 field are ueed as an unsigned binary

futeger or a Jogical value, and the R1 ficld specifies the first operand, which is 64 bits in
tength. For the relative-branch mstructions o the RE and RSY formats, the contents of the 16-
bt 12 field are used as a signed binary mteger designating a mumber of halfwords, This

number, when added to the address of the branch instruction, specifics the branch address.



The specific neaning of any setting depends on the operation that sets the
condition code. For exanple, the condition code reflects such conditions as
zero, nonxeroii/feorsst operand hi gh, equal, overflow, andpsumpbanneiosbusy.
Once set, the condition code remai ns 12anchanged until nodified by an
instruction that causes a different condition code to be set. Loop control
can be perforned by the use of BRANCH ON CONDI TI ON, BRANCH RELATI VE ON
CONDI TI ON, and BRANCH RELATI VE ON CONDI Tl ON LC]\IG to test the outcone of

addr ess:ar éiliil&fm!% L ﬁﬂ&"rr&%m N9, RPETALL a?rf I\fch g O@”MEEAN%@W‘J requent

conbi nati ons of arithmetic an tests,

H GH, aacdcBRANCH ON | NDEX LOW OR EQUAL are provided, and rel ative-branch
equi val ents of these instructions are also provided. 'These branches, being
speci al i zed, provide increased performance lig these tasks. Subroutine

|'i nkage:when.a:change. QTWRH@;;@@QH@%Q@'&Q HMAE h3s, M0l o -89 f€d: 1 §.,ANOVI ded by
t he BRANCH AND LI NK and AND SAVE instructions. (This discussion of

BRANCH fAND:SAVE apptizes! EEJILSE mt%’-BQAW@HtREBAmIm}{EY MES‘AVE‘a drick BRANCH WO
2011/ 16 725P éEP 01%%067 7 30 ?ELATl E AND ‘é@) {E ot h..of these
i nst r uct 1BRETEEPH ERSREY TR AT SHOR O oH 8?“ R PASEYUED on addr ess

but al S*@Mihﬁbﬂh@i& R atioRn 0fic RIT ebhA, @AY 6519 ianthassechk atedxidnf ot i on.
The return address is the address of the instruction followirt,g, the

br anch Waystpuee Feh- !‘iﬁﬂﬁ@tfw!a}g@m%é%é‘éﬁﬁ REnRY M A He AMBUBBSNGH t he

i nstrug}io W I th r@nchy NSt ruction
as i tsq%%af‘ge gﬁf%ﬁ%@% nl%]\l&H c}9 %Hﬁ\l%h’ %%[%—Eﬁ Eg%/gp%nh %L field.
They fepmeahit@achbadoliesss bsedrxﬁamsy of thk Ibﬁ]@ds eﬁwh;atui de)pemda ifmdmaei
instruction. The operations. of the instructi

In t he BAmsHensddFesEting irbifdi A Horh 7 RY Gt %Hs‘*’i’ip’fﬁ%fééh?f‘ﬁ%ué éﬂﬁ#\‘\w%ddr oss
in bit pogh td@Ne é\é@i B%i T 1 9QRGRER; 4! @%@?ﬁé%@«ﬁ@dﬁh%@ﬁ?ﬁ L@trﬁéAQf that

regi ster unchan AND LT NK e instruction- eng code for
the i n%ﬂihﬂﬁ@mé and3alise? tthecoonds 6 iém 16ode andd proogedmnabkasfthometbhe

current PSW. bj t |t| ons 32:39 of r 1 CH AND SAVE
ol aces cperpd o hblatier Bosrtians OMPRRE B FRA R EharLed NG mode, bot h
i nst ructd: oM paeNe TrehuNRAaddies S HIBME Reslibhens: 381 8B 40d a one in
bit position 32 of general register Rl and they |eave bits 0-31 of the

regi st elanthanged i iVEnandHeOBRY Bl LaddiddsiMyibidd E BbEhBRASEMIcti ons pl ace
the r etFyfr A?ﬂudil %]Sg mnif.nt? figoﬂx \ﬂ’qg%a,?d are nsed as a sigoned hinary mnieger
designating a number of halfwords that are added to the address of the instruction 1o form

the branch address,

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

the contents of the 32-bit 12 field are used divectly as a the second operand.

For the RIS-format msiractions, the coutents of the B- bit [2 field are used divectly as the
second operand. In the S{L format, the contents of the 16-bit 12 field arc used directly as the

sceond operand. The Bl and DI Helds speaity the first operand, as deseribed below.

In the RSL, S, 5IL, S3E, and most S8 formats, the contents of the general regster
designated by the BT field are added to the contents of the 31 field to form the Hrst-operand

address. In the RS, REY, 5, 51Y, 55, and SSE formats, the contents of the general register



63 of general register R. |In any addressing node, both instructions
generate the branch address under the control of the current addressing
nmode. Thewbnstwmotzsons place bits 0-63 of the branch adecesPe1m0/0biol7
positions 64-127 of the PSW In the RR format, both instructions do not
performbranching if the R2 field of the instruction is zero It can be seen
that, in the 24-bit or 31-bit addressi ng node, BRANCH AND SAVE pl aces the
basi ¢ addressi ng- nDde bit, bit 32 of the PSW in bit position 32 of

gener al, ¥ £S 59, Lbht. .51,ng node.
The |ns%$§g%?%§s Nﬁ%“@%@é;ANﬁggggég ﬁzE @ éﬁ %ﬁ@§%%$§§ are
for useaWMﬁnﬁmq@hﬂﬁg@vﬁmdnb@aadﬁré@éﬂngimbdk\ksmxﬁqnﬁﬁhﬂmﬂunhmgntmmkage
These i structl ns. hav el.ds. .. The ra of th

ey e T Py BT O B B G4 P P s Tb067047 31

BRANCI I3 AND 1 SAYE AN I@ETE;NQ@@) §8LSKt B&(}ﬁc@%@‘aﬁé a&frcageﬁﬁh kitegi aker R the
sanme as BRANCH AND SAVE. In addition, the instruction places the

ext endédade rdeém mmagamt the Ginteiglofghe gmrf?sw‘«tpmhb@mpé%tﬂmﬁ? 68ldof t he
regi ste S Zero erforms as follows. In
he 2arapBEANI QORI TR i PR BRI bt “posi ti on 32 of
general register R, and it leaves bits 0-31 and 33-63 of the register

unchanged. Note that bit 63 of the regi ster should be zero if the register
cont ai 8 Y35} ASPEUEth 6rivadd R ess] *filwgﬂh%@?é@bim inpastiophaMNindtiuct i on pl aces

bit 2L iefcLhe PR AonRloln Bite Patlian 67:atsIRnsyRlaee iRl and it

| eaves reglster unc
(O, L ospecifies the nomber of addiional operand bytes to the right of the byte designated

by the first-operand address. Therefore, the length in biytes of the first operand s 1-256,
corresponding to a length code in L of §-255. Storage results replace the first operand and
are never stored outside the field specitied by the address and length. In this format, the
sceond operand has the samce length as the first operand. There are variations of the
preceding defimition that apply to EDIT, EDIT AND MARK, PACK ASUHL PACK
UNICODE, TRANSLATE, TRANSLATE AND TEST, UNPACK ASCH, and UNPACK
UMICODE,

In the 88 format with two length fields, and in the REL format, L1 specifics the mumber of
additional operand bytes to the rvight of the byvte desiguated by the first-operand address.
Therefore, the longth 1o bytes of the fivst operand 15 1-16, corresponding to a length code in
1.1 of 0-15. Simiarly, L2 specifies the number of additional operand bytes to the right of the
location designated by the sceond-operand address Results replace the first operand and are
never stored owtside the field specified by the address and length. I the first operand 3
longer than the sccond, the second operand s oxtended on the left with zeres up to the longth
of the first operand. This extension does vot modify the second operand w storage. In the S5
format with two R fields, as used by the MOVE TO PRIMARY, MOVE TO SECONDARY,
and MOVE WITH KEY instructions, the contents of the general register specificd by the R
ficld are a 32-bit unsigned value called the true length. The operands are both of a length
called the effective longth. The cffcctive leogth is equal to the true length or 236, whichever
ts less. The instructions set the condition code to faciltate programming a loop to move the

total number of bytes specificd by the true length, The S5 format with two B fields is also



When R2 is nonzero, both instructions set the addressing node and perform
branching as follows. Bit 63 of general register R2 is placed in bit

posi ti on Wb 20f1/t62sPSW | f bit 63 is zero, bit 32 of thecraybew@s7oiss pl aced
in bit position 32 of the PSWI. If 4t 63 is one, PSWhit 32 is set to
one. Then the branch address is generated fromthe contents of the

regi ster, except with bit 63 of the register treated as a zero, under the
control of the new addressing node. The instructions place bits 0-63 of the
branch Scikn, it g Q i i1 al

regl st o R T he e R T TR P e MY 1o e
calIedEM&@QH&hmnhhdR@uwﬁibhpxﬁ@nmuasaﬂiu@khﬁ»ﬁmSmmiﬁimn~ﬁha;dq&ugﬂated

gener al . regqi 1 ecified for. the R1 register. IN717ER RUFFI ONS
(CCNTEiﬁr§§@§%§§38$ﬁéﬁfﬁﬁ@ﬁﬁ%%%ggﬁﬁﬁéﬁﬁahpg%1pernlts the CPU to change its
state as a result of conditions external to the configuration, within the
configuration; or within the CPU itself To permt fast response to
conditVbHQOQmamigﬁhpﬁﬂoBurVZand&%ﬁﬁéﬁk@k@nﬁéﬁuéﬁhut@ﬁﬂ@ﬂﬂﬁhaXt@pe of
conditlﬁgf |nterruFt|on COE ons are gro Q i.'ﬁ- e g texternal

i nput / dlt'pdt SV ECh néchad “WL?%BIP%{ PESTAr £ ah “%’db»erF SHRET . An

I nterrupkl 0R:0RSLSHR doftcBlsMrighEriiNegiclt b Rt iRRY @salt z8dothaPeW\ipstor i ng

i nformati on |dent|fy|ng the cause of the interruption, and fetcﬁlng a new
PSW Priggéissity resunes as specified by the new PSW The ol d PSWstored on
an interruption normally contains the address of the instruction that would
have been executed next had the interruption not occurred, thus permtting
r esunptitiors lofadtile: fitht QraupPed programeskog- pooghiamzand is upervdrsiof- cal

|nterrupt|ons the information stored al so contains a code that identifies
the WO é@ﬁ’ﬁ%@??éﬁ@#ﬁé’ﬁz@%ﬂ@iﬁ%&Yi@?v“rﬂéhﬁ’ﬁfrﬁ*g?ﬁ tiﬁ@fvrbafgfﬁ@k@éh% gy

| NSU T UG O, (RANUS, L8400 BEIREQULATLE RORROAM 110N QAUSE At t he
PRe chae e The

i nterruption. case of sone prOgran1cond|t|ons for whic nor mal
responééﬂ&@oﬂeﬁexeouuh@ﬁPbﬁauwéeuﬁénwawmﬁan;@am%;m@Cﬁh@rUﬂﬁanmmpmdon, t he

instruction address directly |dent| i.es .t tructi | ast executed.
Except (PR SEPARE AAR e ST S 'Oan Woaut! BhF Y hen™ REEPS B 1h ¢ he
oper at ijngnsSt@tepyThe hest autadhnterd HRHE ORI CANLORGWE WL bRt bRG.LPU i n ei ther
the stoppe.d or operating state.

cffective addrosses are generated. When bits 31 and 32 of the current PSW are both one, the

{CPU s i the 64-bit addressing mede, and 64-bt instruction and operand effective addresses

are genorated. Execution of instructions by the CPU invelves generation of the addresses of

fustractions and operands.

When an instruction 18 fetched froro the location designated by the current PSW, the
mstruction address iy increased by the number of byvies in the instruction, and the mstruction
is exceuted. The sarne steps are then repeated by using the new value of the mstruction
address to fotch the next instruction i the sequence. fo the 24-bit addressing mode,
instruction addresses wrap around, with the halfwerd at instruction address 27 - 2 being
tollowed by the halfword at mstruction address 8. Thus, m the 24-bit addressing mnde, any
carry out of PSW bit position 104, as a result of updating the mstruction address, s lost, In
the 31-bit or 64-bit addressing mede, struction addresses sunularty wrap around, with the
halfword at instruction address 270 - 2 or 2% - 2, respectively, followed by the halfword at

instruction address 0. A carry out of PSW bit position 97 or 64, respectively, is lost,



Any access exception is generated as part of the execution of the
instruction with which the exception is associated, An access exception is
not generwbedivdsenst he CPU attenpts to prefetch from anpomaraibabloer

| ocation or detects sone other access2sexception condition, but a branch
instruction or an interruption changes the instruction sequence such that
the instruction i.s not executed, Every instruction can cause an access
exception to be generated because of instruction fetch. Additionally,
access EXCpLIAN%:ASAOCIALEd, Wbl IBHLUEHLON, CXREULL OR TRY, QRGN hECause
of an access to an operan i n storage n access exception due to fétching
an |nsnruntmnmim&nmgdkcavmde&%tmh@tkkrmthemsﬁummmmmm»mﬁ@i&m@ﬁdaﬁannot be

f et ched mnth ut encounterl the exception, Wen the first h d of the
i nst r uctioH HAs PR ’&‘Biéé%b pf‘ij i ‘a‘c&%%é’“‘?é%?t‘éptr {"1 %?ﬁ&/d“ii “tb sésated

for addid4. Pif‘@tl;mi?ﬁlcfu‘ﬁ@rﬁ% iR %Qt’i&ihirlgg&t@r gt&%rﬂeﬂ%txrt m}i};’@%&h'} enpth. spegid i ed by
the first two bits of the instruction; however, he operation can be
perrbrunédiﬂm&hnddladbesemngmmhﬁwee@dnﬁ%epﬂthtndﬂhanﬁmmmdsfmﬁqwméuﬁh

|nstruct|on it un et her access. exc Ls i ndi cat ed
for ¢ he tiodea sy REy S Re il Gatt A o1 BEEEss EEBH BT o

| NSt r uGh$sOBn HELERrh S A0OMIDR LRk prd ISERL Gl da@NSant i theSc 0L, mwer,ted in the

i ndi vi dual instruction def|n|t|ons Exce%t where ot herwi se indicated in the
i ndi vi ddgicss previdae (i gadgeses o, siarpee fI8E bewi adgrastibes alspprypsebior
except|d§§Ja§SOC|ated Wi th an access to an operand |ocation.. For a

fetch- type Operand, access exceptions are necessarily |nd|cated only for
that portion of the operand which is required for conpleting the operation.
it is unpredictable whether access exceptions are indicated kyr those

por t i onsigriE (FetthtyHEUBIET HHE I B EPehBE | ri&%ﬁdw% Br YEdRPFET ng t he.
oper at 0., M) AAILHB0TROPFTIERR010/.067047 133 nr?rdc_eggmmﬁs YpsQper and,
access exceptions are generated he entire operand even

oper at ispreitalbdibdl CoRpliet ed Mhb’hbuttattthmtusenpfi ht Itié\ l haéce%fé} ~b|ci&ii part of

the o d. in.situations val ue of .a.s eran i's

ori nodCE g eh prean syl Tt o SRR balk ¢ RGTREL D5 Betoas:
exceptuggwk§@pndbpakegniMhe@aﬁahﬁan access to an operand | ocati on can cause
an access exception to be generated, the word "access is included in the
i st of program exceptions |n the description of the |nstruct|on Thi s

entry i ndi cat e d can cause. the e I,0 ener at ed
and wharhal e T b L G aRa A R Rt B T L ARE R PR e
oper andid peaLdiRR. AACCESSisEUERRLK Qﬂﬁm@h@d gengkalied ntyaiorddhenperthon of

t he operand as defined for each partlcular I nstruction. An operation

except itor-498 hyenépuned e’ hésepy cd iy dipbe pdere dutleDaABPHSEPUEET on wi th
an inval ion Th A ofe, b t he
I i R S T
OperatH@n&m&usuﬁ@ﬁﬁﬁﬁﬁdﬁﬁﬁhﬁﬁﬁﬁﬁﬁéHCELﬂﬂﬁh§@g£ﬂuﬁ@d@&H$pﬁbpﬁpuﬁﬁﬁ3m1The
operation excep tlpn is indicated by a p éi9ram|nterrtinpt|on code _.of 0001 hex

(or 00871 ek Fed k?ihddrit‘%ﬁt““lﬁ“EF%"eVé‘“ﬁtf‘ "PRAICERedY (eguResHBdsl s may of fer
i nstrugtions t&qtaﬂa%ﬁthb 1&%&@{@%&&&%& 'ﬁ%at, sartm%ttqlan@mmaﬁe provided. for
assi sts or as par Specl al or custom features. nsequently, operat| on

codes ﬂbﬂ’M%SRHMBGdMEDO%hM&:@ubﬂ¢@aﬁﬂmn0d0ﬁn@ﬁdméb88$arnhmﬁ@ﬁﬂ&&tﬁﬂ
operation ception t rated. urth nmore, thes |nstrucL|o S may

P use HOBES G oo T on O RGBT p D ey BT (iies i R OHPRebdahi n 5o
as to affect the execution of subsequent instructions To avoid causing such
an operation, an instruction with an operation code not described in this
pubI|ca%Q%ﬁﬁsh@uhdﬂbeﬁe%e&pﬁeﬁmmnb?OMﬁémuRﬁe BpeCﬂfﬂﬁfﬁun@tﬁ@ﬁhaSSOC|ated
%ten gglgb 1%pF<tl;Tﬁtl O %O tﬁ)lﬁ%bg%,?l Egd “j_‘ﬁ) g\& Hl ]I ngl T}b gﬁ dtll%ftdoh?ngener at ed
unassi gngg) bteti;@a&ptmaanm? tablem?swn(futh@tdm;srac@wt ertibt iz pasiidd ens 0, 2-4,
24-30, or 33-63). This is handled as an early PSNVspeC|f|cat|on exception,
2, A orEREiCVARE G teabisiaescE b ipeuidtivowpentig therenpewo ik SHifslhandl ed as

an ear Iy, REW/SREGI A4, €a88 4 Q0 Xe8Rt &AL, ¢he iong-displacement facility is not installed,



3. The PSWis invalid in any of the follow ng ways: a. Bit 31 of the PSWis
one and bit 32 is zero. b. Bits 31 and 32 of the PSWare zero, indicating

t he 24-biwoaddrgersng node, and bits WD 2011/ 160725PCTPERZPI006708747 34
64- 103 of the PSWare not all zeros, ». Bit 31 of the PSWis zero and bit
32 is one, indicating the 31-bit addressing node, and bits 64-96 of the PS
Ware not all zeros. This is handled as an early PSW specification
exception. 4. The PSWcontains an odd instruction address. 5. An operand

addr ess; 199{%1’1 oL, &?ér‘ QDQ-RE (a8l r{“i e;%‘h%l d POH’IB}Q,% il 180 8@% o‘d%l QR Jrequi ring

such integra oun ar I ghat1 on. . ﬁurfbere general register is
desi gnahaed)imtaamtﬂcmieﬂzddafnda}m tmsstm.ucfttlhomﬂ haiti aFeguabreds an even- nunber ed
regi ster 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 di vigg@henlify %th@ﬁbe(ﬁﬁtkt,hﬁe%'e%a@%%?g§ ai%@mqhghitcsfm%[lg a2 '()gfbu highry The | ength
of the first-operand fi | ess than or equal to the ength of the
second-opgdrant £ibel ddmlmcr@m mvam 2t i pL tetatisgred bindiwingigon gnd 32 zero

bits are appended on the left. A 20-bit displacersent is treated as a 20-bit signed binary

mteger, and 44 bits equal to the sign bit are appended on the left, The three are added as 64-

bt bisary nombers, ignoring overflow, The sumis abways 64 bits loog and 18 used as an

intermediate valne fo form the penerated address. The bits of the intermediate value are

numbered 0-63. A zero w any of the B, B2, X2, or B4 ficlds indicates the shsence of the

corresponding address component. For the absent component, & zoro 18 used in forming the

mtermediate sum, regardloss of the contents of general register 8. A displacement of zoro has

ue special significance.

When an instroction description apecifics that the contents of 8 general register designated
by an R ficld are used to address an operand in storage, the rogister contents are used as the

6d-bit itermediate value.

Ay imstruction can designate the same gooeral register both for address computation and as
the location of an operand. Address compuiation is completed before registers, ifany, are
changed by the operation. Unless otherwise indicated m an individual instruction definttion,

the generated operand address designates the lefimost byte of an operand in storage.

The generated operand address s abways 64 bits long, and the bits are numbered (-63. The
manner in which the generated address 18 obtained from the infermediate value depends on
the current addreossing mode. In the 24-bit addressing mode, bits §-39 of the niermediate
value are ignored, bits -39 of the pencrated address are forced to be zevos, and bits 40-63 of
the interroediate value become bits 40-03 of the generated address. To the 3 1-bit addressing
mode, bita (-32 of the intermediate value are ignored, bits $-32 of the generated address are
forced to be zevo, and bits 33-63 of the mtermediate value become bits 33-03 of the
generated address. In the 64-bit addressing mode, bits (-63 of the mitermediate value become

bits 0-63 of the generated address. Negative values may be used in index and base-address



10. Execution of Cl PHER MESSAGE, Cl PHER MESSAGE W TH CHAI NI NG COWPUTE

: | NTERVEDI ATE MESSAGE DI GEST, COMPUTE LAST MESSAGE DI GEST, or COWPUTE
MESSAGE AubHENTIECASI ON CODE is attenpted, and the funct ipom/rpee®/osTw4bi t s
57-63 of general register 0 contain a7t unassigned or uninstalled function
code. 11. Execution of ClPHER N ESSAGE or Cl PHER MESSAGE W TH CHAINING i s
attenpted, and the R or R2 field designates an odd-nunbered register or
general register 0. 12. Execution of ClPHER MESSAGE, Cl PHER MESSACGE W TH

CHAI NI NQ%A%QEEW F.A WW% L Ea %n%g}s& er%bUW/ilT}éd%: Lm&/%ﬁ§l < not a

AUTHENTT I's at errpte he secon operand ['engt

mul ti plzec ghotcden datZat-ist ﬂ):&dﬁsumen@c t he designated function. This

speci fication-exception condition does not apply to the query functions.
13. Execution of COVPARE AND FORM CODEWORD i s attenpted, and general

r eQ' St 1,3 bgﬁm@ mq@} ﬂ&nﬁm d!‘Bc NQ&reks et h@)}éd @ QEi@!rﬂe%“%Qec‘(ﬁé{P@ﬁen i%g brdadgeuUt i on
of COVPARE STORE is attenpted and any of e follow ng

cond|tndﬁg&ewﬂkﬁfbxhenﬂuahmm@dBQEMémspech¢h@sﬁamwmwaQSJ@meuHWQMHe 2 The
A e R e S
2011/ 1604 25PCT4:BR20 L/ 10640484305 is specified by a base address, a displacement, and, in

the RX and RXY forwats, an index. In these formats, the generation of the miermediate

value follows the same rales as for the generation of the operand-address intermediate value.

In the RR and RRE formats, the contents of the goneral register designated by the B2 field

are used as the intermediate value fron which the branch address is formed. General register

§ cannet be designated as contaming a branch address, A vaiue of zero in the R2 field causes

the instruction 1o be executed without branching.

The relative-branch instructions are in the RSE RI, RIE, and RIL formata. In the RSL Ry,

and RIE formats for the relative-branch instructions, the contents of the {2 ficld are treated as
a 1o-bit signed binary infeger designating a nurober of halfwords, In the RIL format, the
contents of the 12 ficld are treated as a 32-bit signed binary integer designating a number of
halfwords, The branch address 8 the number of halfwords designated by the 12 feld added

to the address of the relative-branch instruction.

The 64-bit intermediate value for a relative branch instruction in the RS, RE RIE, or RIL
format 15 the surn of two addends, with overflow from bit position 0 ignored. Inthe R31 R,
or RIE format, the first addend is the countents of the 12 field with one zero bit appended on
the right and 47 bits cqual to the sign bit of the contents appended on the left, except that for
COMPARE AND BRANCH RELATIVE, COMPARE IMMEDIATE AND BRANCH
RELATIVE, COMPARE LOGICAL AND BRANCH RELATIVE and COMPARE
LOGICAL IMMEDIATE AND BRANCH RELATIVE, the fivst addend is the confents of
the 14 field, with bits appended as described above for the 12 ficld. o the RIL format, the
first addend 18 the contents ot the 12 ficld with one zero bit appended on the right and 37 buts
equal to the sign bit of the contents appended ou the left. In all formats, the second addend is

the 64-bit address of the branch mstruction. The address of the wranch mstruction is the



The function code is 1, and the first operand is not designated on a

doubl eword boundary. The second operand is not designated on an integral
boundary worneseondi ng to the size of the store val ue. p83/EPEXOOEIDN Of
COMPARE LOGQ CAL LONG UNI CODE or MOVE 18ONG -UN I CODE is attenpted, and the
contents of either general register RL + 1 or R3 + 1 do not specify an even
nunber a.if bytes. 34. Execution of COVWPARE LOG CAL STRING MOVE STRI NG or
SEARCH STRING i s attenpted, and bits 32-55 of general register 0 are not

al | zenpg.,... 1@(5@&!1:‘5\%%8;% PR m&zﬁg{ g&uﬁ@é&!&b@%ﬁﬁﬂaﬁ&ﬁg‘glgguilg% Hiiks 48-51

of general register ave an val 0 an bi nary
36. Executiconm. @j[rn@@ﬂ%@ﬂﬁr%&ﬂﬁﬁ&/ﬁ@ﬁTﬁﬂMﬁ%ﬁGﬁﬂa%ﬁiﬁ;zo@@\ﬂﬂewm I\/ESSAGE

DI GEST, o SS CODE i s at ei ther of
Dho 1 b et oL e mog FHE® o D 1 IR aDBE R B e e el of or

or gen%@llm{l&ghstﬁcefai Q:a a&h‘@ks widP4®br geﬂ%f)@'ie%@egi %Eeﬁ Wg%ﬂﬁ@d PRt,-2e80. 37.
Execution of CONVERT H' T TO BFP, or HT), or LOAD FP

| NTEGER (BFP) is attenpted and the MB field does not deS|gnate a valid
nodi fier,. ., 38, n of VLDE T d t.he M4
Frel o dddriiby MEERuhaREnS gy oaryiibr oo 5a eRhb e b r e | s
at t enptieslaccangds tha ot argetenada 85w 15 fdener i40hidEXBE bitak:ON o EXTRACT STACKED
STATE is attenpted, and the code in b|tX£05|t|ons 56- 63 of general register

R2 is gwbé’amaéir?rmhém Grojpedachie YASKP ARG e Xat eligessigepddor foi idonotaidist al | ed or
2SR TR IS LA R e A A T
regi st et addi:'essing made, bis -39 of the interroediate value are ignored, bits §-39 of the branch

address are made zeres, and bits 40-63 of the intormediate value become bits 40-63 of the

branch address. In the 31-bit addressing mode, bits §-32 of the intermediate value are

tgnored, bits -32 of the tranch address are made zeres, and its 33-63 of the mtermediate

value become bits 33-03 of the branch address. In the 64-bat addressing mode, bits §-63 of

the intermediate value become hits §-63 of the branch address.

For several branch nstructions, branching depends ou satistying a specified condition. When
the condition is not satisfied, the branch is not taken, normal sequential instruction cxecution
continucs, and the branch address is vot used. When a branch s taken, bits 0-63 of the
branch address replace bits 64-127 of the current PSW. The branch address is not used to
acoess storage as part of the branch operation. A specification cxception duc to an odd
branch address and access exceptions due fo fetching of the instraction at the branch location
are not recogruzed as part of the branch operation but instead are recogoized as exeeptions

associated with the execution of the instruction at the branch location.

A bravch instruction, such a8 BRANCH AND SAVE, can designate the same general
register for branch address conyputation and as the location of an operand. Branch-address

computation is completed before the rervainder of the operation is performed.

The program-status word (PRW), described m Chapter 4 “Control” contains mformation
reguired for proper program execution. The PSW is used to control instruction sequencing

and to hold and indicate the status of the CPU i relstion to the program currently being



42. Execution of | NVALI DATE DAT TABLE ENTRY is attenpted, and bits 44-51 of
general register R2 are not all zeros. 43. Execution of LOAD ETC is

at t enpt edyvoanti/woesor nore bits of the second operand cecrappowadsmg?t o
unsupported bits in the FPC register mre one, 44. Execution of LOAD

PAGE- TABLE- ENTRY ADDRESS is attenpted and the M4 field of the instruction
contai ns any val ue ot her than 0000-0100 binary. WD

2011/ 160725PCT/ EP2010/ 067047 36 45. Execution of LOAD PSWis attenpted and

bit 12 &Euh Q? Tﬂ@lépilix%v}@ gn@% Jlb%%%%ﬁu?ﬁ%@ Qﬂgmaﬂdx géxsml zmzzﬁﬁ&zenu i's nodel

dependent er or not I s”exception is generate . Execution of
MONI TOReGAL:L thesfuatticenpt ddsisiandiabing, pogictntorsa-Gloeting hekdgasfrugtchon do not

contain zeras. .47.. Execution of, NFN PACE. i s attenpted nd bit positions
48-51 OFTHEHYE AT P SERPT G| HEE PE SHEHIE "FerBY BrH TS d?émaw&“si “of the

r eQ' St Qrun@ﬁ@“bﬁt Ny ORS iy e%ancg)fﬁﬁ‘t'&h&ﬂ & P 'ﬁ\%iﬁsgehi di%mai)zta%m& £t and the
L2 eld is greater than . . Execution of PA NI CODE is attenpted,

and t héﬂqﬁg@ﬂ keddoiist gf @atoenriuat i}fffe{n B3vEE of gnmen}_h byts. & 1d<m‘ et the location of
the branch fustruction, without the use of a base register. The relative-branch instructions
with g 32-bit 12 ficld allow branching to a lpcation at an offset of up to plus 4G - 2 bytes or
minus 4G bytes relative to the location of the branch mstruction, without the vse of a base

1'6%13?2@1‘.

Facilitics for decision making are provided by the BRANCH ON CONDITION, BRANCH
RELATIVE ON CONDITION, and BRANCH RELATIVE ON CONDITION LONG
mstructions. These instructions inspect a condition code that reflects the result of a2 majority
of the arthmetic, logical, and VO operations. The condition code, which consists of two biis,

provides for four possible condition~code settings: 8. 1, 2, and 3

The specific wocaning of any sctting dopends ou the operation that sets the condition code.
For example, the condition code refiects such conditions as 7ero, nonzero, first operand high,
equal, overflow, and subchannel busy. Once set, the condition code remains unchanged unti

moditied by an instruction that causes a ditferent condition code to be sat.

Loop control can be performed by the use of BRANCH ON CONDITION, BRANCH
RELATIVE ON CONDITIONM, and BRANCH RELATIVE ON CONDITION LOMNG to tost
the cutcome of address arithmetic and counting operations. For some particularly frequent
combinations of artthmetic and fests, BRANCH ON COUNT, BRANCH ON INDEX HIGH,
and BRANCH ON INDEX LOW OR EQUAL are provided, and relative-branch cquvalents
of these instructions are alse provided. These branches, being specialized, provide increased

performance for these tasks.

Subrouting linkage when a change ot the addressing mode 1s not reguired 18 provided by the
BRANCH AND LINK and BRANCH AND SAVE mstructions. {This discusaion of
BRANCH AND SAVE apphies also to BRANCH RELATIVE AND 3AVE and BRANCH



50. Execution of PERFORM FLOATI NG PO NT OPERATION is attenpted, bit 32 of
general register 0 is zero, and one or nore fields in bits 33- 63 are

i nval i d owoaesigoase an uninstalled function, 51. Execwetirar2ebhoPBRFORM |
OCKED OPERATION is attenpted, and any3oof the following is true: 2 The T
bit, bit 55 of general register O is zero, and the function code in bits
56-63 of the register is invalid. 2 Bits 32-54 of general register 0 are
not all zeros. 2In the access register node, for function codes that cause

use of @ paranel WSt COREA] ALAg A ALE L the { L8l oA BEQtctif?
Execut i on oigﬁPERleiJ&)éM Sy IVP? éFlA AR E ‘“E‘r %\1 Rl e(%}ﬁ H%Mé?!t her of
t he foldfawcngnits;ctmmeddﬁ& Iut 5Bo of: [generabnrégirstiaraddidss amtbms»z@ﬁtod Bits

57-63 of ener a i ster Ci nassi ned\ uni nstal i d function
e o T B Bt A R B BOR Ao A SRR RTH | N ANCE
is attemRbeds, andhall c@a@epti h@i‘f e ﬁ@%&‘ﬂx@&ﬁh 's'i‘Hﬁtm%nThﬁmx ing an EXECUTE

ext ended- addr essi ng- node in the Wis zero. The

basi c- addressi gt hmﬁebitmth mb‘ii“tlt@z,dblm ttrhd. general regi ster designated by
the R2 field of the instruction is zero. 2 Bits 33-39 of the instruction
address in the sane register are not all zeros. 54. Execution of RESUME

PROCRAM Jt5 natArenated rand, eid herraft khes RakiomBgrirs! fifigeThed Bhhs 3.1, 32,
and 64-127 of the PSWfield in the second operand are not valid for

pl acemertuchiddises Bumpento PSR iHalcartept homsrgciysndhavadsignsaiyhof t he

fol |l ow e: ; 32 are both zero and bits 64-103 are not
al | zernggmI Emﬁs o Tlmmé 13%1%3%@521&0 and one, respectively, and bits 64-96

ar e not- fakie Iéﬁbmssi{iic&»alutrﬁmﬁlbafﬂ;dnﬁﬂmaﬁﬁ one dotzergirkespectivuelny 40--- Bit
127 is gne. 2 Bits. 0-12 of the ararreter list are not all zeros. WO

2011/ 160735PEHF EPROTORGETOLF 3PN 5. A i or BrHSEARCHNSTRTRGNON CoDE | s
Brecut i on o SeT AT PEAl R BT R B A R BB R Phs i s
at t enptpecyra@ndashiftosn B2 andnSB i bheosigoenil-3dpérand:! addsiesi! &Ra W0 bot h
Zeros. AND SAVE places zeros in those bit positions,

« In the 31-bit addresasing mode, both instructions place the veturn address in bit positions 33-

63 and a one in bit position 32 of general register B1, and they leave bits 0-31 of the rogister

unchanged.

» In the 04-bit addressing mode, both instructions place the return address in bit positions §-

03 of geoeral register R1

« In any addressing mode, both imstructions generate the branch address under the countrol of

the current sddrossing mode. The mstructions place bits 8-63 of the branch address i bit

positions 64-127 of the PSW. In the RR format, both instructions do not perform branching

if the B2 field of the mstruction 18 zero,

It can be scen that, in the 24-bit or 31-bit addressing mode, BRANCH AND SAVE places
the basic addressing- wode bit, bit 32 of the PSW, 1 bit position 32 of general register R1L
BRANCH AND LINK docs so in the 31-bit addressing mode. The instructions BRANCH
AND SAVE AND SET MODE and BRANCH AND SET MODE are for use when a change
of the addressing mode is required during linkage. These instructions bave R and RZ fields.

The operations of the instructions are surmroarized as ollows:



57. Execution of SET ADDRESSI NG MODE (SAM24) is attenpted, and bits 0-39 of
the fin-updated instruction address in the PSW bits 64403 of the PSWI,
are not aWb2merw@e2s 58. Execution of SET ADDRESSI NG MODECTSAbBD)671037
attenpted, and bits 0-32 of the un-updated instruction address in the PSW
bits 64-96 of the PSW are not all zeros. 59. Execution of SET CLOCK
PROGRAMVMBLE FIE1 Dis attenpted, and bits 32-47 of general register 0 are
not all zeros. 60. Execution of SET FPC is attenpted, and one or nore bits

of the .fig sti-opPerang.cerk; i NgnkQ . unsupport.ed bits: i.nthe EIC register
are one.ﬁﬁ%‘[&l@péé%tg?gﬁ %S%%%ETEM%% Q%%I{}}A#g\llh%@ %f’ ltbgeﬁﬂ%iggf ° %ﬁg

functi an BBodeCHnAYErfet dE. negidgber (10 ienwabi dizcante ettthed-wiircshiec-hald:ow ng

is true:. Bi 36-55 .of general register 0 and bits 32- 47 of general

regi st éf Eﬁéié’fﬁ&%‘s@l‘?i i r%’s”f“‘)ﬁﬁé’ Hd¥odtper and address is not aligned on
?_ 4K- bytyg: houadary, S:&fi'@%ﬁ:}ﬁ?&:ﬁﬁ%‘ @%@ﬁiar&%%@ NI Q@ %\%MMEWLATE ™D

OTW is attenpted., and the length in general register + 1 does not

speci f yrais, dvdwenubBep! of IR esbit peglicEXeclitdrors! ofgUNFRACKnASGEdveb &its

at t enpt e and, he i f;. Ld ] reater .than 31 64. . Execut i on_of .JUNPACK
NG T 5B Eehpoetie it e Eep e 1 At el S8 B eBhukn, b,
: Executihof:o@fer UPRAEE ad REE b Sopidenptindie andithelel fltdahcconteatsiofi gener al
registers 4 and 5 are not a multiple of 8 in the 24-bit or 31-bit
addr essif iy Holds opclapeinestign vilof gpreaiobeitier Ri. 1Het Bavditets §ddr €98 ng node.
The execut.i.o f.the instruction identified by the old PSWis suppressed.
Fbmeve?f“é%%'tCIrgréC%??%}“QPS W speci fication exceptions (causes 1-3) the operation
t hat i ntwWbeReS ddmecimehsiRRMhHiustieanpl it adircbie @ndd depar Pl HoMmOGGURS
imediately thereafter. Preferably, the instruction-length code (I1LC) is 1,
2, or 30Upknitiah] Hgenne! IFERGER P Mided It PN Sd0SIRY - Ehes 8k&epti on.
Wien the.J R3tpuetion, addtess s, 0fd.(6aYSe #0008 18 x33) ond, Pk bis
unpr edi ct ébﬁe“V\het“héF tﬁge{ﬁLC i's 1’?@‘21, or 3. "Whén the exception T
gener at’éds ke cause Takn dre irardhudPSW spectrhicddidroticexceptsidmh(eauses 1-3) and
t he excegti_on_ tLas, e WD 2011/ 160725PCT/ EP2010/ 96?0_4%_ .
except with bt 03 of the registor treated as g zoro, under the conirot of the new addressing
mode. The instructions place bits §-63 of the branch address in bit positions 64-127 of the
PSW. Bit 63 of peneral register RZ remains unchanged and, therefore, may be one upon
entry 1o the calied program. HWRZ s the same as R1, the vesults n the designated general

register are as spectfied for the R register.

INTERRUPTIONS (CONTEXT SWITCH):

The moterruption mechanism perrniis the CPU 1o change its state as g result of eonditions
external to the configuration, within the configuration, or within the OPU itself. To permit
fast response to conditions of hugh priority and immediate recognition of the type of
condition, interruption conditions are grouped info six classes: external, input/ouimd,

machine check, program, vestart, and supervisor call.

An iterruption consists i storing the current PSW as an old PEW, storing mfbrimation
identifying the cause of the interraption, and fotching a new PSW. Processing resumes as
specified by the now PSW. The old PSW stored on an interruption normally contains the
address of the instruction that would have been executed next had the interruption not
geourred, thus permitting resumption of the interrupted program. For program and

supervisor-cail inferruptions, the mformation stored also contains a code that wentifies the



38 introduced by LOAD PSW LQOAD PSW EXTENDED, PROGRAM RETURN, or an
interruption, the ILCis 0. Wwen the exception is introduced by SET
ADDRESSI NgoNoDAEG(BAMR4, SAMB1l), the ILCis 1, or it is 2CrfEpSEdsPRESSI NG
MODE was the target of EXECU 'L. \Werm2t he exception is introduced by SET
SYSTEM MASK or by STORE THEN OR SYSTEM MASK, the ILCis 2. Program
interruptions are used to report exceptions and events which occur during
execution of the program A programinterruption causes the oId PSWto be
stored; I Q I
ocat one a8 A AR RO R I TR 2% RPN oT Pl

i nt er r upt inonnopode. in‘f}mw%nbéﬂmnqapmammmiﬁztncm» phracEdh dte moeah! ﬂvsmmm ons-
142-143, the in %trugtLgnngn th code is placed in bit positions 5 and 6 of
the byt&SatoF&AfY 18%8‘&'?8‘:’1“1%%%‘ H“‘t‘“h‘é”“r"gs € SRS BEY S zer os, and
Zeros @&@u§%@ﬁ§qﬂéﬁmﬁ§@kmiQ&%&&@” 140. For sone causes, additional
information identifying the reason for the interruption is stored at real

| ocations 144-183. |If the PER- 3 faC|I|ty |s installed, then, as part of the
program.int on, the cont bre - event - addr ess

P 00T a1 LKL HRLLT) AP Sy 1P O 50U e by Sl Ageex gt

event s ralagh Eﬂ@@a@ftmt@@n eReF alithaR: ERCERLEBM, tht hepsondidbbanngausi ng the
interruption is indicated by a coded value placed in the rightnost seven
hit positions of the |nterrupt|on code. Only one condition at a tinme can be
i ndi cat, I pid.on. S A0S, events
are md?@i& gd&’%yg J})‘b“m%sé%ﬁ tfleﬂ?l n g&?}}u f?%n%té%g” 10? g{@%;e&'hpgﬁen this
is the g@&%memﬂmiﬁ'imed Am b&e-ckoan@hnds 16 aner aﬁid&@%@@hg tetzeragts Mhen a PER
event is |ng|cated concurrently wi th anot her program interruption

condi t iF6HERITOIBAT $PHET I AMIATT & GIFURINGCOr S aaF s sEterHen FOITTNS b8t her
condi ti 19Ko) pterruption
code o DEEd Rk Er B EL el PR SR TS GTE o B2 88, “hen there
is a comespmmdmmgamstedbi Gy mxtrpctagr@mqamieemaap&%@mwann oclugenordigd when

t hat nqsk hit_.is one. E g&ﬁgranfnask inthe PP S gon rols four of the
except i-ORESe PhESIEE @“ﬁﬁﬁ s ?%ﬁbFﬁé’Pé@T§¥5W”éﬁﬁt@B"T eI EEEBx cept i ons,
bit 33 dihi8RALER] ok 8OLSERL o 26 ARLEOlSaNIRERA i SETSYRTEMMASK cpGaligRS a
speci al - operati‘on exception, bits 48-63 in contrgﬁ regi ster 8 control

i nt er r uptdtgnsy duestroctveny {roiicagienha, thaﬁdﬂta%hiuetm‘a“rf@ﬁ&wﬁﬁ cpask e &giedol

interrupt,jo t.o PER ey nts I,O s zero, the
condt t oloR B et TR R P T 2L e R s PR P S

2011/ 168{ZRB6I :ER20 10/-064044:38: Mﬁ&@t&iff@r AR nBEW Rt dQa Q0,28 the
interruption has a PSWformat error or causes an exception to be generated

in the procees leyeth Hes et by B et oy lhi‘g of gngsgpr‘a'nﬁ@n@,fh%‘r%@r ST Star T Uptions
ey Oc%éai atafs’%? Q?rb&f %P%%& ”s%}»lno c;!@,[?]é' Lated as. pragr %‘oﬁﬁ%@‘@ﬁé ons may be
system 1n I ch case

gener at € exception is

i ndi catiedructic#, hep, supchamiel whithtuhe wart Orcgkindndelids st fat tis oavosd. pathen a
data exceptjon causes_a programinterruption dat a- except.i.on cqode (DXC)
is stoﬁ@@ﬁéh F@é&ﬁP%H‘%@7“ﬁ§hﬁ“§@F8§1%$%“Ef%ﬁ%gi%ﬁ“?@%%%?@hé“ﬁﬁﬁ“@%ﬁ The
MC di stij ngui %%&JQEE}YR%‘?LE 81 ¥AILQUS dopesnof data- exception conditions.
When the AFE-Tegi ster (additional floating-point register) control bit, bit
45 of control register 0, is one, the DXCis also placed in the DXC field
of the fioatin oint-c,ontr.ol .(EPC). i ster. The DXC fj in the EPC
egi ot drcPanis e GHa ah i biHer B OGP A SXBERE Bn S Phor t od.
The DXGyio8 s@hly &5k o0 RAS aush Bdigatiing 408398k bhbGn e RYSE 0 A dalBrype

except i on.
opeorand, access exceoptions are necessarily mdicated only for that portion of the operand

which s roquired for corapleting the operation. B s unprediciable whether access exeeptions
are indicated for those portions of a fetch-type operand which are not required for

completing the operation.



DX.0 2 and 3 are mutually exclusive and are of higher priority than any

ot her DXC. Thus, for exanple, DXC 2 (BEE instruction) takes precedence over
any | EEE.wexeaptsoes; and DXC 3 (DEP instruction) takes premedenosodver any
| EEE exception or sinmulated | EEE exception, As anot her exanple, if the
conditions for both DXC 3 (DIP instruction) and DXC I (AFP register) exist,
DXC 3 is reported. Wien both a specification exception and an AFP regi ster
data exception apply, it is unpredictable whi ch one is reported. An

addr esging LxC g@ 1,003 Qen ?t@)t‘@%@gfcétfr,ﬁ%%@f]é &mL u%u‘i glenepce a

mai n-storage | ocation that |s n t avai eint con guratlon

mai n- skmca@enbmﬁémhonﬁmsﬁmmWﬁmumﬂkabbefﬂm1hhec%dﬂfpgﬂuﬁ®copmmmﬁnn t he

| ocation is noH} taIIed when the sto ge # i S not the_

conf i gutaticsn VisE \/\héﬁ“b{a\?\é FIOFSUEE PPPRY é‘% gy lﬁt?r%d“ “atdr ess
deS'gnﬂ%bﬂﬂnﬁdﬁéQﬁ@ﬂ@«hﬂ&%é%@&céh@htd&d&@kdaM%bJ@Pr%a&teLh%aﬁ ?gﬂguratlon
is referred to as invalid. The operation, is suppressed he address
of thelvmsmnucmt@ncﬁsaenvaurdﬁm@nnﬁ%amnyamﬂhémo@m¢a@mon msﬁduopreshed when

t he ad ress. of ﬁhemt%rget H ruc ﬂ} X g Eq the unit
of ope at?dﬁ“%:%ﬂ”stﬁtsﬁlré RGN PF"&? ‘“883 éégt%%&ce%t?‘ n e ‘é‘ﬁt%t’fnt ered in.
accessiigciaof@lea@rabalthecx@plidyo tthenbabliesdandulablexefilings to which

the rule applies are the d|spatchable -unit- WO

2011/ 16879B8RCTHERG L0 0TOATCH00 Sohopobnd gbtien. ﬁﬁ@ﬁpr’r%@rlymsn second-

t abl e DL Y regi on
secon d%aa%%{t’e&/?i%:ﬂg tlgg%{c ;‘ﬁr?ti%tn%t tEf oﬁ‘crgt?ﬁﬁ dc'tt% t’ti t(fr%gsrheFaI n,t{ §111 1&‘{@% 18!1 Li nkage

table, tinkage first table, I|nkage second t abl e, entry, tabIe ASN first

tabl e. ASN second tabl e, authorléy tabl e, |linkage stack, .and trace table.

Addr esSHhPEXESFEPIRE e atilcralihvatipiirddd] sreitie i FeycandSNEdthtERed for
refere : n L L d b o third
abl e canran T e A B b “Fﬁg%%ﬁ%%ﬂ 3 PO Brut ERL el
dynantchadﬂwe®6ntm$mskemndm1andrﬁeﬁehen§es asep@uauedqupmh»e&eﬁexecution of
LOAD PAGE- TAB b% ENTRYi Al OAD REAL ADDRESS, 5 035 ADDRESS, and

TEST PPOFECHONZS i & | %ad é&“hﬁlﬂaxé‘eﬁﬁ‘tﬁh‘fsm Bt @ééé%@&%% t he

di spat ghab!gididde %@r)ts{notett@bhau R mwncﬁﬁunm@s@@de;ttaéoitemet@trr y, access

| ist, ASN second table, or authority table result in suppression when they
are encountered in access-register transIatlon done either inplicitly or as

f LOAD AGE- TA NTRY A
ADDRESS T T AT TR o Lt VPG ECTI R ECERT F 57 SOmESBERrFr g

i NSt r uchi ORBGWRAS @x@X¥EGILI0R HiSteSMPRILSES EdnscdihesBpBFatii@Ncddss her m nated for
an operand address that can be translated but desi gnates an unavallable

| ocat i desqribefar epi Natol o mariges inegss et ut‘ﬁcr@mﬂyvﬁept&@s@r 1 fpekys. I n
this cqn &t%)e(ttn’;odE‘,ﬂgeseqﬁﬂ?’uc{t&%%tIlv tiu% glodhni?{l rg(g?a%og nEpL! %Q% ?f{] Suwise
reglsters and “any storage |l ocafio rovi deé that ar 6
dESIgnaﬂﬁﬂﬁi@mbﬁmﬁhﬁﬁg&dﬁhytﬁh&xhﬂﬁhﬁ@EBM@B@LEﬁﬁhﬁ@ﬁﬁg@VmgwmﬁdUﬁﬂﬁ@| in
-under st andi ng the term nol ogy. and structure of ,one conputer s stem
embodi i & A RS RGO i FEW Y VHE Y Ay EHPT kectnne> 506 Phe

descri phb 08 sRLoUk et hnereplRahadl RRlis, CaBchRIAIMARL B08QUS| Yospe! | ed to
ot her conputer archltectures of ot her conputer manufactturers with the

t eachi rgsiher ein. Referring to FIG 7, a conputer system may be runnlng an
Qperating System (0OS) 701 and two or nore application prograns 702 703,
Context switching is enployed to permt an OS to nanage resources used by
appl i cat L,QRgicalifn PO EXANNRLEsrR0 W38n 48} o S8L S BNV IRt eREUPt timer and
|n|t|ates 704 a Cbntext switch action in order to permt an application

pr ogr arh. t'osiruR Htedugedperd adus pewickle Obymtlh‘éthqif“e\ﬁ rithpt ist #ayerl biThe cont ext
switch action.sayes 5. St nfor rogram
count er’ ““‘% e &orz(gt‘t‘” %g%t A h hf’“?t%?““ St “r‘ju{;te}? g”g‘ﬁs F b“{)‘ ‘9‘8“% ‘tp%dp

cont ext? swWhd:GhiAGLi:0n nRXdit antzamms: ofQb: Bsat ahlant asaadd ook dpghi cat i on
Progrant#l 702 to permt 706 the application program#1 702. to start
execut wﬁgﬂ fsa00 19901607 25PCT/ EP2010/ 067047

The PSW is invalid i any of the following ways: a. Bit 31 of the PSW s onc and bt 32 &

zero. b Bits 31 and 32 of the PSW are zoro, mdicating the 24-by addressing mode, and bits



41 instructions at the Application Prograns obtained current program
counter. When the interrupt tinmer expires, a context swtch 704 action is
initiatedvoaoretsoms the conputer systemto the OS. Diff ecemr2puwo6®ssor
architectures provide a limted nunbexs of general registers (GRs,),
sonetinmes referred to as general purpose registers, that are explicitly
(and/or inmplicitly) identified by instructions of the architected
instruction set. IBMz/Architecture and its predecessor architectures

(dati “%@R&? bO& S LO! Rk sy BT 6 800 &'ﬁﬁ‘?;éﬁ@ﬂ)nﬁ?w&n&éﬁ gener al

registers ( or each central processing unit be used by
pr ocesswotisat{ngeht B Bbitpddcessi mgdanit b{t@@lﬂ}’}\ oif it ik tadrons diszcfol Tomss As a

source .o nd of ithnetic or i cal operation. As a target operand
of an §¥ﬁ§h§ﬁff%“ﬁﬁqﬁg%“@&F“Bﬁ@@éﬁ%ﬂ%%”As a the address of a nemory operand
(ei thers gubagey &ﬁg&ﬁiﬁﬂoddﬂﬁﬁ%xkﬁghé&@{ or directly). As the length of a
menory oper and. uses such as providing a function code or other

|nfornﬁtﬁ@ﬂﬂﬁomdﬁdd$ﬁbhﬁamﬂi%&Eﬁ@%Wﬂ@ﬂK%mmb$mﬂﬁh@ﬂmnnm@ﬂm@@mUﬁuﬁmﬁthe | BM

z/A«chltthf (=Rt %rgge i2000 a mai nframe general register consisted of
32 bit$H %’fhémp 'y OtUeY T 8A" of z/Architecture, a general register

consi steedn0fidbfukichst chomerelsieioiconnatyhinl & Fyldrgas onssciBNat
z/ Architecture instructions contlnue to support 32 bits, Simlarly, other
ar chi t geqwice $n cxyichrascrehesxess Fremioitel (r) for exarrpl e, provide

conpat i-bi,| L.y, O g?ﬁ m%&bl <§tﬂ&tﬂa& ur Lente gaehi nes navi, ﬂﬁmff%ra %@IH[&' 32 bit

reglsters provi ins rdctlons 0 ‘access bits
or 16 hipksnef the 32 bit GR Even in early | BM Systen1360 envi ronnents, 16

reglsters (|dent|f|ed by a bit register field in an instruction_ Ibr
exanpl &) {br B! B%é'f‘aﬁﬁﬁwﬁﬁgﬂ‘t GUHBSE e CHr o GiThEF §'S8nd conpi T er

desi gney gy Ry dfﬁftgé 5@( Hebd&: REQYL % &QH bﬁ%@ﬁ@‘:& e i5eMeake Q%ﬁcﬁ registers

to addréss co e an limting t he nu reglsters aval lable to
hol d acﬁmwed&hhﬁmbkemmﬂﬁhﬂmauanemhhbmmms have been used to address the
Him ted npnDer O e LS IS8 AGE, CIPHER MESSAGE WITH CHAINING,

COMPUTE INTERMEDMATE MESSAGE DIGEST, COMPUTE LAST MESSAGE

PIGEST, or COMPUTE MESSAGE AUTHENTICATION CODE is attempted, and the

fmction code i bits 37-63 of general register § contain an unassigned or unnstailed

function code.

i1, Excoution of CIPHER MESSAGE or CIPHER MESSAGE WITH CHAINING is

atternpted, and the R or RZ field designates an odd-mumbered register or general register &,

12, Exccution of CIPHER MESSAGE, CIPHER MESSAGE WITH CHAINING,

COMPUTE INTERMEDIATE MESSAGE DIGEST or COMPUTE MESSAGE

AUTHENTICATION CODE 15 attempiced, and the second operand length 15 not a nultiple

of the data block size of the designated function. This specification~exception condition does

not apply to the query functions.

13, Execution of COMPARE AND FORM CODEWORD 15 sttempted, and general registers

1, 2, and 3 do pot imitially contain oven vahuzs.

32, Execution of COMPARE AND SWAP AND STORE s atieropted and any of the

following conditions exist:

« The function code specifics an unassigned value.

» The store characteristic specifies an unassigned valne,

= The function eode is §, and the first operand 1s not designated on g word boundary,



WO 2011/ 160725PCT/ EP2010/ 067047 42 Program design (as sinple as nodul ar
programm ng) hel ped to m nim ze base-register overutilization. Conpilers
have usedwbechmicomees such as register "coloring" to nanage/Hpb&odymani c
reassi gnnment of registers. Base regi s#t5er usage can be reduced with the
following: Newer arithinetie and |logical instructions with inmedi ate
constants (within the instruction). Newer instructions with

rel ative-i medi at e operand addresses. Newer instructions with |ong

di spl aQeﬂ;&%ﬁ :o?'%\’%"?bfria aﬂ(‘?g{g% Eﬁg&a -8 Conshant., Ic?%%@%wi&'%%%%%@dé’}?e” there

are nore l'ive variables an Ssi ng scope “than can be acconmpdat ed by

t he nuntigr sofordegicshe risndtrictipestCPth az intArdhichedtucerrproviide sy thhsee of

pr ogr am sel ect abl e addressi ng nodes: 24-, 31-, and 64-bit addressing.
However' “TB? ﬁﬁbgrans that neither require 64-bit values nor exploit 64-bit

menry addresshAgrchavh AGE 64}@1{%@%}?@@1@ i bedicbeneling (e (i ok 0wl ng
di scl osure describes a techni que of epr0|t|ng 64-bit registers for

programﬁwﬁhéﬁ/d@ﬂhotu@eﬁepé@ﬂyig@3h64%bmt1&&drb@@imgJoknvaﬁrﬁb$@s$wvvth|n
this dlsclbosufr1 a convention is used where bit positions of registers are
nunber d4”1°W AsEefdi ng order fi-orn left to right (Big Endian). in a 64-bit

regi st ey, Ei?d*duu@n 6f eneit rosicRiAl) srepres Ry SE SR IRosdy s3igmdficantigyal ue
(263) and bit 63 (the rlghtnnst bit) represents the | east significant val ue
(2). Thestertindsnd §2s Bi-08 cdtosuichedsiregpstet a{ Bies 0-31) are cal | ed the

N 91 st 0 Dech Rl ERE22 0 Bt e, 4 BRURES (BARBF0  v.
have any of the wiu,vfg GU00 and 0110-1111 binary.
36. Execution of COMPUTE INTERMEDMATE MESSAGE DIGEST, COMPUTE LAST
MESSAGE DIGEST, or COMPUTE MESSAGE AUTHENTICATION CODE is atterapted,
and either of the followimg is frue:
= The R2 ficld designstes an odd-nurabered register or general register €.
« Bit 56 of general register 818 not zero.
37. Execution of CONVERT HFP TO BFP, CONVERT TO FIXED (BFP or HEP), or
LOAD FPINTEGER (BFP) s atterupted, and the M3 field does not designate a valid
modifier.
38, Execution of BIVIDE TO INTEGER s attempted, and the M4 ficld does not desigoate a
valid modifier.
3%, Execution of EXECUTE is attempt-ed, and the target address s odd.
4. Execution of EXTRACT STACKED STATE is attempted, and the code in bt positions
56-63 of general register R2 15 greater than 4 when the ASN-and-L¥-reusc facility is not
tustalled or s greater than 5 when the faciity is installed.
41. Execution of FIND LEFTMOST ONE is attempted, and the R field designates an
oddnumbered register.
42, Execution of INVALIDATE DAT TABLE ENTRY is attemipied, and bits 44-51 of
general register R2 are vot all zeros.
43 BExecution of LOAD FPC is attempied, and one or more bits of the second operand
corresponding to unsupported bits w the FPC register are one.
44, Execution of LOAD PAQE-TABLE-ENTRY ADDRESS is attempted and the M4 field

of the mstruction contsins any vahue other than 8000-G100 binary,



In an exanple z/Architecture enbodi nent, an interl ocked-access facility may
be avail abl e that provides the neans by which a | oad, update, and store
oper ati onwoamibwonsrfornmed with interl ocked -update in &csippgi®/067931 r ucti on
(as opposed to using a conpare-and-svap type of WO

2011/ 160725PCT/ EP2010/ 067047 43 update). The facility al so provides an

I nstruction to attenpt to load fromtwo distinct storage |ocations in an

i nterlocked-fetch manner. The facility provides fhe follow ng instructions

L0 28 AR SRR AR AR AR AT RO S =
opcrand address is zero. It 18 model dependent whether or not this exception is gencrated.
46. Execution of MONITOR CALL s attempted, and bit positions 8-11 of the mstruction do
uot Contain 1eros.

47. Exccution of MOVE PAGE s attoropted, and bit positions 48-51 of general register § do
not contain zeres or bits 52 and 33 of the register are both one.

4%, Exccution of PACK ASCIT 18 attempied, and the L2 field s greater than 31

49, Execution of PACK UNICODE s attempied, and the L2 field 5 greater than 63 or is
evern.

50, Execution of PERFORM FLOATING POINT OPERATION s attempied, bt 32 of
general register § 18 zere, and one or more ficlds in bits 33~ 63 arc invalid or designate an
urtinstatled function.

1. Execution of PERFORM LOCKED OPERATION i atterpted, and any of the following
is trug: = The T bit, bit 535 of general register € 18 zoro, and the function code 1o bits 56-63 of
the register s invalid. » Bits 32-534 of general register ( are not all zeres. « In the access-
register mode, for function codes that cause use of @ paranmeter list contaming an ALET, the
R3 field s zero.

52. Execution of PERFORM TIMING FACILITY FUNCTION s attempted, and either of
the ollowing is true: » Bit 56 of general register § 48 not zero, » Bits §7-63 of general remster
O specify an unassigned or uninsialied function code.

53. Exccution of PROGRAM TRANSFER or PROGRAM TRAMNSFER WITH INSTANCE
ts attempted, and all of the following are true » The extended-addressing-mode bit in the
PSW 18 zero, » The basic-addressing-mode b, bit 32, i the general register designated by
the RZ ficld of the mstruction is zevo. « Bits 33-39 of the mstruction address in the same
register are not all zeres,

54, Execcution of RESUME PROGRAM s atferapted, and either of the following s true:

» Bits 31, 32, and 64-127 of the PSW ficld in the second operand are not valid for placement
i the current PSW. The exception is generaieod i any of the following 8 fruer — Bits 31 and
32 are both zere and bits 84-103 are not alf zores, — Bits 31 and 32 are zero and one,
respectively, and bits 64-96 are pot all zoros. — Bits 31 and 32 arc one and zoro, respectively.
- Bit 127 is one.

= Bits §-12 of the parameter hist are not all zeros.



I n an exanpl e z/Architecture enbodi nent, a |oadl store-on-condition facility
may provide the neans by which sel ected operations nay be executed only
when a cowdizbiiomerede- mask field of the instruction nat eoespbée/o6mnr ent
condition code in the PSW 'The facilarty provides the follow ng
instructions. LOAD ON CONDI TION STORE ON CONDI TI ON DI STI NCT- OPERANDS
FACILITY: In an exanple z/Architeeture enbodi nent, a distinct-operands
facility may be provide alternate forns of selected arithnmetic and | ogical

'”Stru%%'P?%uh@nE@EPQR%%?S?Q%M%‘Jmﬁﬁwﬁf%gmﬂ%‘ QﬁdQ.E£e§eﬂﬁof &P}ﬁ'ther of

the source registers ity provides dlternate torns for
f ol | owirpgstenS trcuet kdnses2 ADD  ADD | mmEDI ATE ADD LOG CAL ADD Lm CAL W TH

SI G\ED '\@/E?,'lsﬁ‘l;'?o? %W%Dﬁg’gg %E%ONTRQE_‘ or SET ADDRESS SPACE
CONTROL FAST ts attemnpted, and bits 52 and 33 of the second-operand address are not
bath zoros.

57. Execution of SET ADDRESKING MODE (SAMZ4) is attempted, and bits 8-39 of the
un-updated instruction address i the PSW, bits 64-103 of the PEW, are not all zeros.

S8, Execution of SET ADDRERSING MODE (SAMI1) is atternpted, and bite §-32 of the
un-updated instruction address in the PSW, bits 64-96 of the PSW, are not all zeros.

59, BExccution of SET CLOCK PROGRAMMABLE FIELD 15 atiompted, and bits 32-47 of
general register § are not all zeros.

60. Exccution of SET FPC 15 attoropted, and one or more bits of the first operand
corresponding to uusupported bits in the FPC register are one.

&1, Exceution of STORE SYSTEM INFORMATION is atternpted, the function code n
general register 0 43 valid, and either of the folowing is true: « Bits 36-55 of general register
0 and bits 32- 47 of general register 1 are not all zoros, « The sccond-operand address is not
aligned ou a 4K-byie boundary.

62. Exccution of TRANSLATE TWO TO ONE or TRAMNSLATE TWO TG TWO s
attermpted, and the length in general registor B+ 1 does not speeify an even mamber of
bytes.

63. Exccution of UNPACK ASCIH is attempied, and the L1 field 18 greater than 31

64, Execution of UNPACK UNICODBE s attempted, and the L1 field is greater than 63 or s
CVETLL.

65, Execution of UPDATE TREE s attempted, and the tmitial contents of general registers 4
and 5 arc not a neltiple of 8 in the 24-bit or 31-bit addressing mode or are not a maltiple of
16 n the 64-bit addressing voode. The exccution of the instruction identified by the old PSW
is suppressed. However, for carly PSW specification oxceptions {causes 1-3) the operation
that introduces the new PSW is completed, bat an interruption ocours iomediately
thercafier, Preferably, the instruction-length code JLCyis 1, 2, or 3, indicating the length of
the instruction causing the exception. When the instraction address 18 odd {cause 4 on page
6-33}, it is unpredictable whether the FLC 3 1, 2, or 3. When the exception is geverated

bocause of an carly PSW specification exception {causes 1-3) andd the exception has been



OR SH FT LEFT SINGLE 2 SH FT LEFT SINGLE LOG CAL 2 SH FT RIGHT SINGLE WO
2011/ 160725PCT/ EP2010/ 067047 44 SH FT RI GHT SINGLE LOGd CAL S U BI RACT
SUBTRACT w6 GAlsoBOPULATI ON- COUNT FACILITY In an exanplpetapAsohstoart ur e
enbodi ment, a popul ation-c,ount facilasty may provide the POPULATI ON COUNT
I nstruction which provides a count of one bits in each byte of a general
regi ster.

mtroduced by LOAD PSW, LOAD PSW EXTENDED, PROGRAM RETURN, or an

mterruption, the ILC s . When the cxception 18 introduced by SET ADDRESSING MODE

{SAM24, SAM3TY, the ILC 18 1, or i 15 21 SET ADDRESSING MODE was the target of

EXECUTE. When the exception s introduced by SET SYSTEM MASK or by STORE

THEN OR SYSTEM MASK, the ILC 18 2.

Program mierruptions are used o report exeeptions and ovents which ocour during execution
of the program. A program mnierraption canses the old PEW to be stored at veal locations
336-351 and a now PSW to be fotched from real locations 464-479. The cause of the
futerruption 13 1dentified by the interraption code. The interraption code 18 placed at real
locations 142-143, the instruction-length code is placed in bit positions 5 and & of the byte at
cal location 141 with the rest of the bits set to zevos, and zeros are stored at real Ipcation
148, For some causes, additional information identifying the reason for the intervuption is
stored at real locations 144-183. If the PER-3 facility 15 mstalied, then, as part of the
program inferruption action, the contents of the breaking-event-address register are placed in
real storage locations 272-279, Except for PER events and the crypto-pperation oxception,
the condition causing the mterruption s ndwated by a coded valoe placed i the rightmost
seven bif positions of the interruption code. Only one condition at a time can be indicated.
Bits §-7 of the inierruption code are sot to zeros. PER evenis are indicated by setting bit B of
the interruption code to one. When this s the only condition, bits -7 and 9-15 are also set to
zeros. When g PER cvent 18 indicated concurrently with another program joterruption
condition, bit 8 i3 one, and bits -7 and 9-15 are set as for the other condition. The crypto-
operation exception s mdicated by an merraption code of 0119 hex, or 0199 hex ifa PER

event is also mdicated.

When there is a corresponding mask bit, 4 prograro terruption can occur only when that
mask bit is one. The program mask i the PSW controls four of the exceptions, the IEEE
masks in the FPC register contro] the THEE cxceptions, byt 33 in control register O controls
whether SET SYSTEM MASK causes a special- operation exception, bits 48-63 in control
cgister 8 control intorruptions due to monttor events, and a hicrarchy of moasks control
mterraptions due to PER cvents. When any controlling mask bt is zero, the condition i3

ignored; the condition doees not remain pending.



STORAGE- OPERAND REFERENCES: For certain special instructions, the fetch
references for multiple operands nmay appear to be interl ocked agai nst
certai n asoessesolzy ot her CPUs and by channel progranms. p8uar2@n/0t®uth
reference is called an interl ocked-fetsc, h reference, The fetch accesses
associated with an interl ocked-fetch reference do not necessarily occur one
i medi ately after the other, but store accesses by other CPUs may not occur
at the same |locations as the interlocked-fetch reference between the fetch
access Jdat T d fetch

ot or enea b e A R B ST NP Ao fee on oy o R et A ocked f et ch
refer erw&pti\dheﬂr hegu&mmi)tn th%ﬂ?édsl%fmh&tdmﬁr f“t(ﬁlt@bhetrtﬂg dfetghadbot h oper ands
by means of an interlocked fetch is indicated by the condition code. For
cert ai MYEPBETHEP T4t et i ons, the update reference is interlocked agai nst
certain accesses by other CPUs and channel prograns. Such an update
reference is called an interl ocked-update reference. The fetch and store
accessé@ﬂasébbrah@dkmhmMEmmﬁrﬁmﬁyeakedﬂuﬁman@}ﬁeﬁﬁn@ﬁ@édﬁﬁ1ndhwnecessariIy
occur ope | the oth her CPUs
ond chanial BT Se TRt et 1B SOk Pt S BB S PEERE R o0 P

i nterl eaked-dpdakedr€f erences by other CPUs are prevented frontoccurrlng at
the sane | ocation between the fetch and the store accesses of an

i nterl ocked update reference. A nulti-processor system m ght incorporate
vari ou I ra , e i.ent woul d
nave. t nomr bk SIPHEE SRS S DAL AR PRELAR LRG0 nENCUBEr P LI,

li nes umkkbﬁmsyetemidubtngbkheimeéemeﬁ@ee4 ﬁma&@er%@@bndhment mnukd require
t hat the storage acgesses are restricted to the sanme cache |ine,

exanpl e bYAFEqUITH AT RSECTHE" SpEtiatits Yo Al AkEdssea” dééﬁﬁoﬁerﬂﬁwn&"r e on an

'”t oot 199%9?12%1%%%%&'1: oPEs 1%4%&%%{1& Q’P»?&Qcﬂh%@%@%@é}ia 20iL9/,067047 45

I's case, any byt ej operand ng accessed in a
128 byﬂex%é@hhﬂhﬁﬂé@ﬁﬁﬁ&ﬁﬂ%&@dﬁ@ﬂ@mﬁnwmwatHﬂmil%@tehﬁMéh&ih@rgﬁ%ﬁn is on
an integral 64 ndary ICURRENT or. sonme
r ef er et @& PR aenbel &dltvdﬂ%ﬁfrvfwr%‘feeiﬁr%%%rrrﬁ\' P ¥ rvsea ‘e%°
byt €5) i elicholife OLAR)oau 6] AUBLEVOdy (. bytes) | or quadvord (, 16 bytes) are
specified to appear to be bl ock concurrent as observed by ot her CPUs and

channel prograns. The hal fword, word, doubl eword, or quadword is referred

appear 15 e Conthr T BrCow e R e A ersok e avurg LS AR Bk by

anot hermz@un@m chrannebFpreghani) saapaer;ﬂmat&e@t dusi ng iEhe d;;l:cffﬁmhhﬁfd bytres
contained in the block are being fetched. Wien a store-tyN reference is
speci f i *e(é?’ft?”oméwéram b B CEg Rl T EhE R w»arﬂmrwwmﬁlefvdét?gg w @Che

bl ock, @J ula%er e n(me 1? th% Es{%tt{){{?f@@%&y It);{g fﬂgttmbtl%mqu 19{{ qel

program-durin bytes w't stored
The tenmnsenrahrzrﬂ@3u9&@mucﬁH@huraﬁﬁespuﬁhanmnmsvmuehm@@amﬂf@h @awses one
or nore serlallzatlon functions to he perforned. The terntserralrzrng
operatrBﬁ“?%ﬁEﬁ?‘?B"ﬁdh?ﬁﬁﬁﬁdéb%ﬁﬁﬁ?%%mv?fﬁ%ﬁwén instruction or to a
machi ne operation such as an interruption which causes a serialization
function is performed. SPECH C- OPERAND SERI ALI ZATI ON:

An addresaing exception s generated when the CPU attempts to reference a main-storage

location that is not available o the configuration. A mam-sterage location is not available in
the configuration when the location is vot instalied, when the storage vt 18 ot inthe
configuration, or when power is off in the storage unit. An address designating a storage
location that i not avatlable m the configuration 1s veferred to as invahd, The operation is
suppressed when the address of the nstruction is invalid. Similarly, the operation is
suppressed when the address of the target mstroction of EXECUTE is invalid. Also, the von
ot operation s suppressed when an addressing exception is encountered in accessing a table

or table entry. The tables and table entries to which the rule applios are the dispatchable-unit-



Certain instructions may cause specific-operand serialization to be
performed for an operand of the instruction, As observed by other CPUs and
by the Chwonelysuhnsystem a specificoperand-serializati eoTapesdiosmar
consists in conpleting all conceptualdoy previ ous storage accesses by the
CPU before a conceptually subsequent accesses to the specific storage
operand of the instruction may occur. At the conpletion of an instruction
causi ng specific-operand serialization, the instruction's store is

conpl eted, az%iﬂbst%r gmmemexmﬁpwﬁu B8, o BANDGH. PhoGr AMk.. 1RPRCLEL Groper and
serlallzatlon I's orned he execution o ow ng Instructions:
ADD | My, A&“&Eoﬁé@and tAﬁSkégnamdmﬁ@E} b(ﬁﬁﬁhthg@@Im , MVERICATE:. for the

first th t d- f t tal) dth
7St gperend, whgn e | sterl sckedsocpe (aeil Lyt sinstall s and the
Oper ancimm\éﬁw%ﬂ»%/ ﬂ;ﬁ@% 85!?19“ ﬁﬁ%@%@%@%ﬁr e@@n e%&z&'\‘%aﬁm,m GARAND ADD

AND EXCLU- Sf V OR, for the second
oper and’vhwﬁlthf[‘»ERL mmm&bﬁf@nmwm& ﬁn@hgmecﬁm e landeivt scopné tidde sgorm

ol e Ber A e 1 Gtk an L4 FIGE F BT BRUS! A At S ek e

- updat @ranRisfiseld QR &RBULRS hatvilthe: CRYu08: Wi Gt MeGENSHBUBTIONREXecUt es
has excl usive access to a nmenory location fromthe tine the nmenory is

f et ched IRRFRS| LOPS) BE G obDBEGKS. fﬁwrgfaaaanw@gﬁsﬁawwrwp| e, CPUs of a
Tl BGRRSPI0E IR AL ALLAN L BELRIRLING, L0, 86ceos B SRRyl pcat | on wi

not observe &rroneous reée e Instruction was

TEST ANDPuSET T SrimdrptaduceddivhiSLAGH atrksh MtpAS&&SS@}mQaBy,&EiGﬂi&w: Byst em 370
|ntroduced t he COVPARE A-ND SWAP (CS) and COVPARE DOUBLE AND SWAP ( CDS)
i nst r udti'o RS ESRIPBYDS AR dean e ACONMPARECRND! SYoke- M BlRess (es)te

instru R Qi i i
z/Arch:\CItiﬂei%{}S{r‘Zl R S‘ﬁégk ‘%%g%bbm %X%LE/\J%{’%\%}P‘FCSH% B CC]VP%A{REE AND SWAP
AND PUR(E}({ESE’@; FORRCREAE AT28RBNS, DOVPARE (DOUBL EEAND ISV { EDSG xcept

instructions z/Archltecture | ong-di s Iace nt facjlity added,the
COVPARE B STA T CR ST ¥ SR BAHE LR B ARG AR Tt P ST e B ons.

The z/ ALGhiL:88 Lube: iﬁ&%ﬁ%@i}%ﬁqg@%&{%g{hﬁe‘?ﬁ@uiﬁﬁﬁlib%i&y}a@@@@du?he COVPARE
AND SWAP AND STORE i nstruction. Menoni ¢cs such as (TS) for the TEST AND SET

| nst r ud@rmmmtameume@ tby*v atsasre rmi‘ Gl 1mlbgra£i$n@rt§%t€@m€d*e it tﬁgﬁlf W@uiif ﬁsiﬁr ucti on.
cusse cture e and is
hot o SRS o AR R B ek P B AR A S B B 1
prior ame iftehi-ackedokpgal ey kinshitetibans, nore el aborate Ibrms of
serialized access can be effected, including |ocking protocols, interlocked

arithnetic and | ogical operations to nenory |ocations, and nuch nore, but

at 3 ook 8La8mml exiiy, and additd poal  GRU eyl e, TNECRols, A Rer sl st ent

need thr ock erate as an
atonmi c '«;UﬂLlﬁl gﬁfb@dﬂﬁdﬁﬁﬂhﬁ&)diﬁﬂbﬁ@ chi>nemiisid h;enhe Izmraﬁilﬁfcﬁﬁ”s of i‘mrtee da&m«h&s e
par adi g 2011/ lb 0/725PCT/ EP2010/ 067047

pms rided thereol Embodiments can be advantageously applied {0 other computer

architectures of other coraputer manufacturers with the teaching herein

Referring to FIG. 7, a computer systen may be running an Operating Systermn (0853 701 and
two or more application programs 702 703, Context switching 18 comploved to pernut an O8
te manage resources used by applications. In one example, an {8 701 sets an interrupt timer
and witiates 704 a coniext switch action 1o order fo pormit an appheation program to run for
a period specified by the internupt timer. The context switch action saves 705 State
Information of the OS meluding the program counter of the OS pointing to a next OS
mstniction t¢ be execnted. The context switch action next obtains 705 State Information of

Appheation Program #1 702 to permit 706 the application program #1 702 to start excounting



47 This di sclosure describes two new sets of instructions that inplenent

i nterl ocked update techni ques, and enhancenents to a third set of existing
i nstruct iwooiimab72ar e defined to operate using interloclket/Erepdatmsmhen the
operands are appropriately aligned: lgaad and Perform Operation: This group
of instructions |oads a value froma nenory |ocation (the second operand)
into a general register (the first operand), perfornms an arithnmetic or

bool ean operation on the value in a. general register (the third operand),
and pl 3665,ci0e & aahbnRlub e operall oncPack. BLOLheo RIDAogat i on. The
fetch and store o e second “operand appears’t ock concurrent
|nterlomkedWUpdaﬁﬁphagamhemx£§MBmfbéadmﬁahnmﬂh&ﬂ@ﬁnﬁmmtﬁhusmgnmupqoﬁ
instructions_ attenpts to |load two values fromdistinct, separate nenory

| ocati d ﬁgu(é%e first and second operands) into an evenl odd pair of general
regi sters (designated as the third operand). Wiether or not the two
distinct nenory | ocations are accessed in an interlocked manner (that is,
mﬁthouﬂ3ﬁmenbﬁﬁ&hﬁuwaLEEshb@Hng dhangeddyprdnothemeGPUsiitgsinBicat ed by the
condi tion nha ncenent.s: The

1 or - SPPCEPEE R 109 AT Ot REI L SVATAM THSET DO ORA D CpRTBI M addi ¢ | on

t 0 MenfyiGeE &t RS USisng (RNt iR didaheneans tanB N/ AR dongh kug kb on:  ADD

| MVEDI ATE (AS1, AGSI) and ADD LOG CAL W TH SI GNED . | MVEDI ATE (ALSI, ALGSI),
As ori grersotEE etros Wel ek yo deceiend Shys %h@@é“ﬁhé‘?@ﬂﬁ@ﬂﬁﬁ%re not
interlog u e t.h QG f agi.l S stall ed and

t he ne%bréq%'pgg%ﬁmﬁwﬁ%g‘Ahgbfﬁégghbf%§%§%ﬁ5§gﬁﬁ & i&ﬁxgﬁh?% egr al
boundaqymuﬁhﬁa@eﬁ&h@%@ﬂ%ﬁmgm%sgdﬂen@huhbﬁn@@@&ﬁhdn;s now defined to be a

bl ock- concurrent |nterlocked upda e. Clher architectures inpl enment

al t er nati ¥ EVES WETBAS €68 T HTEHS OO %! OPEdi%exanpl e, the Intel Pentium

ar chi t et e, AeLLARS oful OOlGm AL 8t lobidaDSheak on that affects

interlo certai n subsequent instructions. However, the
Iocklng%paﬁﬁmﬁ&&e&hﬁuqaeaadﬁsumdﬁuﬂ&xu&ywﬁ@gmhﬁxaﬁ@mmgeerun@nthgu.is
unnecessa ol ution desgrlbed herein effects interlocked update in an

Yione
at oni ¢ “tini & h@ﬁgﬁﬁzvgﬁpﬁﬁimqﬁ“thout the need for a prefix instruction. WO
2011/ 160725PCT/ EP2010/ 067047

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

Until the mtroduction of the IBM z/Architecture mainframe in 2000, a mainframe goneral
register consisted of 32 bits; with the introduction of @/ Architecture, a general register
consisted of 64 bits, however, for compatibility reasons, many »/Architecture instructions

continue to support 32 bits,

Stmularly, other architectures, such as the x86 from IntelR tor exaraple, provide
compatibility modes such that a current maching, baving, for example 32 bit registers,

provide modes for instructions (0 access only the first 8 bits or 16 bits of the 32 bit GR.

Ever i carly IBM System 369 environments, 16 registers {identified by a 4 bit register field
i an fnstruction for exarople) proved to be daunting to assembler programmers and compier
designers. A moderately-size program could require several base registers to address code
and data, hnuting the number of registers available o hold active variables, Certain

technigues have been used to address the limited number of registers:



48 | NTERLOCKED- STORACE-.. :C.E S I NSTRUCTI ONS: The foll ow ng- are exanpl es
of interlocked-Storage Access instructions. LOAD AND ADD ( RSY FORMAT) Wen
t he i nst rwotzoomedRsexecut ed by the conputer system thepsempogioopmiand is
added to the third operand, and the saztmis pl aced at the second. - operand
| ocation, Subsequent y, the original contents of the second operand (prior
to the addition) are placed unchanged at the first-operand | ocation., For
LAA OpCode, the operands are treated as being 32-bitsigned binary integers.

For LARG, «%ﬁoﬂgwntﬁk ?«rf%@ﬂ?ﬁu%{rgw S LEaLE )@é e noy: Gds Rl Eémf'r&”ﬁgr bi nary

i nt egers. the second oper an pur poses o di hg and the
st or e imtwidiheicsecond- oper and Iocatlon appear to be a bl ock-concurrent

i nterl ocked update reference as observed by other CPUs. A

speci fic-operand-serialization operation is perfbrined The displacenent is

treat ed@g,i R 205 Ri ke bie gi'i}ﬁ&iu@'s@@{ ¥Ys PRI INe (§ %5‘395*@3 gparand of | AA nust
be designated on a word oundary The second “oper and” of LAAG nust be

desi gnatedizorcat dfoopbiewor d ' boundary. Ot herwi se, a specification exception
is generated. Resulting Condition Code: 0 Result zero; no overflow 1 Result
| ess than zero; no overflow 2 .Result greater than zero; no overflow 3

Over f | awsPrQ@hamsExCceptcoiGiced with the following:
Newer arithmetic and logical instructions with imrmediate constants fwithin the fostruction).
Mewer instructions with relative-immediate operand addresses.

Mewer instructions with loog displaceroents.,

However, there remains constant rogister prossure when there are more hive variables and

addressing scope than can be accommeodated by the number of registers in the CPLL

z/Architecture provides three program-selectable addressing modes: 24+, 31-, and 64-bit
addressing. However, or programs that neither require 64-bit values nor cxploit 64-bit
memory addressing, having 64-bit GRe 18 of hmited benefit, The following disclosure
describes a technique of exploiting 64-bit registers for programs that do not penerally use

o4-bit addressing or vanables.

Within this disclosure, & converntion is used where bit positions of registers are mumbered n
ascending order from fef fo right {Big Endian). In a 64-bit register, bit § {the leftroost ity
represents the most significant value (2% and bit 63 (the rightmost bit) represents the least
significant value (27}, The lefimost 32 bits of such a register (bits 0-31) are called the high
word, and the rightmost 32 bits of the register (bits 32-63 ) are called the low word where a

word is 37 bis,

INTHREOCKED-ACCESS FACTLITY

In an example #/Architecture embodiment, an interlocked-access factiity may be available
that provides the means by which a load, update, and store operation can be performed with

wterlocked update in a single instruction {as opposed o using a compare-and-swap type of



Access (fetch and store, operand 2) Fixed-point overflow Operation (if
the interl ocked-access facility is not installed) Specification

Pr ogr anniwg 2biotwe2s| . Except for the case where the R eod/BR301bioetods
designate the sanme regi ster, general 43egister R3 is unchanged, WO

2011/ 160725PCT/ EP2010/ 067047 49 2. The operation of LOAD AND ADD, LOAD

AND. ADD LOd CAL, LOAD AND AND, LOAD ANDEXCLUSI VE OR, and LOAD AND OR nmay be
expressed as follows. tenpoperand_ 2; operand (7 operand. 2 OP operand

c 3 QRaL:an ey, t[sﬁrﬂpw &8 provides annstruction 1o attempt to Joad frovos two distinet storage
locations m an mterlocked-fetch manner. The facility provides the bllowing instructions
» LOAD AND ADD
» LOAD AND ADD LOGICAL
= LOAD AND AND
« LOAD AND EXCLUSIVE OR
« LOAD AND OR
» LOAD PAIR DISIOINT

LOADSTORE ON CONDITION FACILITY:

In an cxample z/Architecture embodiment, a load/storc-on-condition facility may provide the
means by which selected operations mmay be executed ondy when g condition-code-mask ficld
of the instruction maiches the current condition code in the PNW, The facility provides the
following mustructions.

« LOAD ON CONBITION

« STORE ON CONDITION

PISTINCT-OPERANDS FACILITY:

In an example o/ Architecture embodiment, a distinct-operands facility may be provide
alternate forms of selected arthmetic and logical fnstructions in wihich the result register
may he different froro either of the source registers. The facibity provides aliernate forms for
the following nstructions.

= ADD

« ADD IMMEDIATE

« ADD LOGICAL

« ADD LOGICAL WITH SIGNED IMMEDIATE

» AN

« EXCLUSIVE OR.

« OR

« SHIFT LEFT 3INGLE

» SHIFT LEFT SINGLE LOGICAL

= SHIFT RIGHT SINGLE



represents the arithnetic or |ogical operation being performed by the
instruction. LOAD AND MW LOG CAL (RSY FORMAT) When the instruction is
execut ed Wy 2bheisorsput er system the second operand i s adaamb2é10/06tv@7t hird
operand, and the sumis placed at thetasecond-operand | ocati on.

Subsequently, the original contents of the second operand (prior to the
addition) are placed unchanged at the first-operand | ocation. For .LAAL
OpCode, the operands are treated as bei ng 324itunsi gned binary integers.

For LAA§§§9§Q§Q9§F~hm?L99§ﬁ§ﬂgﬁ;are treated as being 64-bit unsigned binary
i ntegers. The fetc% of the second operand for purposes of |oading and the
store i-rid3theiSeca. - nd- operand | ocati on appear to be a bl a.-3ck-concurrent

i nterl ocked te.r. ence as observed by other CPUs. A
speciffgﬁggEgggﬁdﬁ§éﬁ$§§ization operation is perfornmed. The displacenent is

treated as a 20-bit signed binary integer. The second operand of LAAL nust

be designated on a word boundary. The second operand of .LAA LG nust be

desi gndié ATHYHdUBl/BMaraCddiiidary. Otherwi se, a specification exception
10, Condi.ti.0 no car,ry. Result not

) a7 80U Pn1 e\
is generated. Resultin | on_Code: Resul t zer.o; N Arry

or o na ahe P BT Rk Petyas by 3 et e Roe AETRT ey St am
Except irgnsL ACReS $ (ISR aRdeS Lalk®, pr&a8EaANe ) o PRI akiiBadd Hyd hes

i nterl ocked-access facility is not installed) Specification Programing
Not e: Seecrieherpiégr ammi ng notes for LOAD AND ADD. WO

2011/ 160725PCT/ EP2010/ 067047

STORAGE-OPERAND REFERENCES:

For cortain special instructions, the fetch references for nultiple operands may appear to be
mterlocked agaimst cortan accesses by other CPUs and by channel programs. Such an fetch
reference is called an mterlocked-fetch reference. The feteh accesses associated with ap
mterlocked-fetch reference do not necessartly occur one immediately aBier the other, but
store accesses by other CPLS may not occur at the same locations as the interlocked-fetch
reference between the fetch accasses of the interiocked fotch reference. The storage-operand
totch reference for the LOADPAIR DISIOINT wmstruction may be an mteriocked-feich
reference. Whether or not LOADPAIR DISIGINT i3 able to feich both oporands by means
of an interlocked fetch is indicated by the condition code. For certain special instructions,
the update reference is interlocked against certam accesses by other CPUs and channel
programs. Such an update reference 18 called an mnterlocked-update reference. The fetch and
store accosses assgctated with an interlocked-update reference do not necessarily occur one
noraediately after the other, but all store accesses by other CPUs and chanoel programs and
the fetch and store accesses associated with interiocked-update veferences by other {PUs are
prevented from occurring at the same Iocation between the fetch and the store accesses of an

witerlocked update reforence.

A multi-processor system nmght fucorporate various means o joterlock storage operand
references. One embodiment would have the processor obtaining exclusive ownership of the
cache line or hnes in the system during the references. Another crabodiment would require
that the storage accesses are restricted to the same cache line, for example by requiring that

the operands being accessed frovn memory are on an miegral boundary that would be within



50 When the instruction is executed by the conputer system the AND of the
second operand and third operand is placed at the second-operand | ocati on.
Subsequenwbypittiser2eri gi nal contents of the second oper ardfpreew/ot®41 he AND
operation) are placed unchanged at the& first-operand | ocation. For LAN
OpCode, the operands are 32 bits. For LANG OpCode, the operands are 64
bits. The connective AND is applied to the operands bit by bit. The
contents of a bit position in the result are set to one if the

corresp, ng.Di [ 3 B on er. t he
result jlc)?{lngjhl gngeﬁ1 ﬂl%8§zbtér%{]'s‘c‘lé!hlgi?gog T\)Q%f% 8 %mgc%%%kgipﬁgr ané bfg%r dfj}tlj\% ?)%ées of
| oadi ngs antiitiherbstipraethimtio ctdte mcf)mh-mpar angriiodatt mmndppear to be a

bl ock-concurrent interl ocked update reference as observed by other CPUs. A
speci fic-operandserialization operation is perfornmed. The displacenent is
tr eat edyiascr (Z0mbi ke ishgned hignagys4nt eger. The second operand of LAN nust
be desi'gnated on a word boundary. The second operand of LANG nust be

desi gnéwedoonrdodou] Gnordspotndabycs G gy wiide, o hﬂép@dl(ﬁlbmﬁ @‘Wlfé%epti on

is gen esul Condi ti on .0 . Resul t rol Re t zero 2 -
Pr ogr an ExeaBtToRg 6 SRt B TR ST b ey 3 R on Ci

t he i ntgrt:eekets 66688 bl dedd IPYTsi s5id Rtk NSkatded I h2 L Spesif eat | on

Prograounl ng Note: See the proqram’n ng notes for LOAD AND ADD, LOAD AND

EXCLUSIHVEBIERO (. ASUB{IWEORMATIorrod 1o i this section as a block, When a fotch-type

reference is specificd to appear to be concurrent within g block, no store access to the block

by another CPU or chanoel program s permitied during the time that byies contained jo the
block are being fetched. When a store-type reference is specified to appear to be concurrent
within a block, no access to the block, cither fotch or store, s permutted by another CPU or

channel program during the time that the bytes within the block are being stored.

The term serializing instraction refers to an fustruction which causes one or more
serialization functions o be performed. The torm serializing operation refers to a unit of
operation within an instraction or to a machine oporation such as an interruption which

causes a serialization function i3 performed.

SPECIFIC-OPERAND SERIALIZATION:

Certain mstructions may cguse spocific-operand seriglization to he pertormed for an operand
of the instruction, As observed by other CPUs and by the channel subsystem, a specific-
operand-serialization operation consists in completing all conceptually provicus storage
accesaes by the CPLU before 2 conceptually subsequent accesaes to the apecific storage
operand of the instruction may occur. At the completion of an instruction causing specific-
operand serimbization, the instraction’s store s completed as observed by other CPUs and
channel programs. Specific-operand serialization is performed by the execution of the
following justruchions:

o ADD IMMEDIATE {(AS], AGSE) and ADD LOGICALWITH SIGNED IMMEDIATE, for
the first operand, when the interlocked-asccess factlity is instailed and the fivst operand is

aligned on a boundary which is integral o the size of the operand.



When the instruction is executed by the conputer system the EXCLUSI VE OR
of the second operand and third operand is placed at the second-operand

| ocati on.wBubseguest | y, the original contents of the seeomdrepenands (prior
to the EXCLUSI VE OR operation)are plawed unchanged at the first-operand

| ocation. For LAX OpCode, the operands are 32 bits. WO

2011/ 160725PCT/ EP2010/ 067047 51 For LAXG OpCode, the operands are 64 bits.
The connective exclusive ORis applied to the operands bit by bit. The

cont ent.g @LpaghluBnst bian i Ll FeRHtiuane getuts 006, jhathenhi ts in the

correspondi ng bi't posi'tions in the two opé are unlik ot herwi se, the
resul t HﬁﬁLiSi%@tﬁtdlbﬁﬂGWGIhH{ﬁetﬁms&bﬂdh@d&eﬁond operand for purposes of
| oadi ng and the store into the second-operand | ocation appear to be a

bl ock-concurrent interl ocked update reference as observed by other CPUs. A
SpECIquﬂQQQQﬁWQz§QQb@kH;atIOn operation is performed. The displacenent is
treated as a 20-bit signed binary integer. The second operand of LAX nust
be des @h@z e"d»hmcatrwédﬁtb}wﬁrdawi mﬁ&t@l@@@@n ardpertand (OftigAXG: tugter be

desi gn o] oubl e dan, S C|f|cat xception
o genararatr bR S TP RN G R Bswd oAl R RBe SET D

Pr ogr ampExeeptiuons: «:ACEE 3% (Hat Bl nanehist OF 6ustopesand ks Gperatirea (i f the
i nterl ocked-access facilit is not installed) Specification Progrannlng

Not e: Seesst Hed Progralvmiiiyg: %@ﬂlé’gw e UeonemanDs Apped until it is stored back, This
guarantees that multiple CPUs of a nwelti-processor configuration, atiempting to access the

same focation will not ohserve erroncons resulis,

The first mterlocked-update mstruction was TEST AND SET {15}, miroduced m 5/360
wiultiprocessing systems. System 370 introduced the COMPARE AND SWAP {5} and
COMPARE DOUBLE AND SWAP (CDS) mstructions, ESA/390 added the COMPARE
AND SWAP AND PURGE (C8SP) mnstruction {a specialized form used i virtual memory
managoment}. z/Architecture added the 64-bit COMPARE AND SWAP (CSG) and
COMPARE AND SWAP AND PURGE (CRPG), and the 128-bit COMPARE DOUBLE
AN BWAP (CDSG) instructions. The z/Architecture long-displacement facility added the
COMPARE AND SWAP (CSY) and COMPARE DOUBLE AND SWAP (CDSY)
mstructions. The z/Architecture compare-and-swap-and-store facility added the COMPARE
AND SWAP AND STORE mstruction. Moomonies such as (T8} for the TEST AND SET
mstruction are used by assembler programmers to identify the instraction. The assembler
notstion s discussed in the z/Architecture reforence and 18 not significant to the teaching of

the present invention,

By using the prior ant interlocked-update mstractions, more claborate forms of serialized
access can be offocted, mchuding locking protocols, interlocked arithmetic and logical
operations to mersory locations, and rouch more, but at a cost of complexity and additional
CPU oyeles. There is a peraistent need for a wider variety of interiocked-update paradigms
that operate as an atomic unit of operation. Embodirnents herein address three of these

paradigms.



LOAD AND OR (MY FORMAT) Wien the instruction is executed by th
system the OR of the second operand and third operand is plac

e conputer
ed at the

second- opgoant/leoat i on. Subsequently, the original contemter2@b/otive7 second

operand(prior to the OR operation) arg placed unchanged at the

first-operand | ocation. For LAO OpCode, the operands are 32 bits. For LACG

OpCode, the operands are 64 bits. The connective ORis applied
operands bit by bit. The contents of a bit position in the res

to the
ult are set

to one 4, & c??a&?l Q%BQSL%% cR' ibi&QﬁéaMLz?HoﬁJ‘fhﬁ%a %:r&?‘}rﬁ' f@ dg.contains a
it The

one; othermnse e resul I's set to zero.
operanduﬂmnp@mmpégeknm&nhﬁadimgméndtmmﬁmsmomanmmmﬂuﬁhad&eéﬂmﬂé
| ocation appear 10 ock- 2011/ 60725PCT/EP20 0/ 06704

second
oper and
7 52

concur r*)é"ﬁ‘f" ity ‘I”b-é@é‘éﬁ éf"e“””}i‘i’é‘rt ¥ BRCEQSTOBIEPRIEEC B Gt Wer CPUs. A

speci fic-operandserialization operation is performed. The disp

| acement is

treated as a 20 b|t S|gned bi nary integer. The second operand of LAO nust

deS|gn.”ed o‘ dou emord bounpar

is gene}ﬁfgﬁupﬁégjr??ﬁﬁq&ﬁﬁﬂﬁk?

eci f atl 0

8% %b%%ﬁ?ﬁﬁ”ﬁ)h‘ég‘}ﬁiﬂtﬁﬁ‘kz 1w ‘>€Ft}f 1”?1;1’1(

pwundary. The second operand of LAOG nmust be

exception
njﬁé“tmfero

Pr ogr amcEXeepLis@nsic ZrAceessd( hatiehsand:stase, oraRslan 6}1(.3:)1‘(1@1 &perakien (if

the interl ocked-access facility is not installed) 2 Specificati

1 on

w4 general regisier (the third oporand), and places the result of the operation back wnto the

memory location. The fetch and store of the sccond operand appears t be a block-

concurrent interlocked update to other CPUS,

Load Pair Disiomi

This group of instructions attempts to load two values from distinct, separate memory

locations {the first and second operands}y mto an overv/odd pair of goneral registers

{designated as the third operand}. Whether or not the two distinet memory locations are

accessed in an interlecked manner (that is, without one of the values being changed by

anpother CPUY s indicated by the condition code.

ADDITOGICAL WITH SIONEDIMMETATE Erhancomenis;

The prior art Systers 210 infroduced several instructions to perform addition to memory

locations using an tnrocdiate constant 1n the instructions ADD IMMEDIATE (AS],

AGSD

and ADD LOOICAL WITH SIGNED IMMEDIATE (ALS] ALGSIE). As origimally defined,

the memory acoesses by these mstructions were not nterlocked update. When the

interlocked-update faciity ts installed and the memory operand for these instructions is

aligned on an integral boundary, the fotelv/addition/store of the operand is now defined 1o be

a2 block-concurrent interlocked update.

Other architectures vyplement altermative solutions to this problera. For example, the lutel

Pentium architecture defines a LOCK prefix instruction that affects interlocked-update for

certain subsequent instructions, However, the locking-prefix technique adds comploxity to

the architecture that is unnecessary. The sohutton described herein effects terlock

i an atoroie unit of operation - without the need for a profix instruction.

ed update



Programm ng Note: See the programm ng notes for LOAD AND ADD. LOAD PAI R

DI SJO NT (SSF FORMAT) When the instruction is executed by the conputer
system twe 2@amgoab regi ster R3 designates the even nuniperak60@smuer of an
even/ odd register pair. The first opessand is placed unchanged into the even
nunbered register of the third operand, and the second operand is placed
unchanged i nto odd-nunbered register of the third operand. The condition
code indicates whether the first and second operands appear to be fetched

by ”EaQﬁlﬁf}z;{%@@m@f_«%%@ﬂ%aik%%%%%&%fﬁﬁ}@fﬂ- For LPD OpCode, the first
and seC"C)'i‘i'd""'O"p'é'I"a'i’i'd'S""'a'i‘"é""V\b'l’" S"""I""I’T'"'S"t'"O'T"éigé","""'éiﬁ'd""‘t he third oper and is in bits

32- 63 dfhedeheral aregisstpbrs I RIcdnckeRStarads sbidss 10«3dticofs. t he regi sters are
unchanged. For LPDG OpCode, the first and second operands are doubl ewords
in storage, and the third operand is in bits 0-63 of general registers R3

and R3 p43ApWen a8 ehseraeds by, ot her CPUs, the first and second operands
appear to be fetched by nmeans of bl ock-concurrent interlocked fetch,

condi t i'BhercihdensGiustigets cxiterd thide Phmpticandiescondcopbrpmas! idoddwiticdppear to

2011/ 180758PCHNERDOED/ BB 704 7 Son IUR B BHAt Fo Lotk 5 ket The third

oper anGripsnah eadeds Hegakdles spofnd Neisendistaancevde platbe uitsplacament of the
first and second operands is treated as a 12-bit unsigned binary integer.

The fi rigti-@Engroddeshian operiaht & réiodeph: mgtnberdesiighat sroh -#iwstd boundary.
The first and. secend, aper of. LPDG I Re { t.ed. on a . | eword
boundarl’?/i?al‘éﬁe}%é?%g '%?' gjg?‘g‘?%f%@d‘ﬁﬁ% E@%ﬁ{%%gﬁ %“"tqﬁ‘%’eb\%g% {%uiﬁggf’g“ E(rgg%i’st er.

Q her wiigegera Epeeichio€dld @meixgepiniidar hspgenef shad: :Resuw dimgueCandi ti on
Code: 0 Register pair |oaded by neans of interl|ocked fetch - 3 Register
pai r notCVBHIEHIBYOTERR EP T {hbet PBEkerTETRh P g A ek CeplTERs o
observed by other CPUs. A specific-oporand-seriahization operation 18 pertorroed. The
displacement i3 treated as a 20-bit signed binary integer. The second operand of EAA must
be designated on a word boundary. The sconnd operand of LAAG must be designated on g

doubleword boundary, Otherwise, a specification exception s generated.

Resulting Condition Code:

(3 Result zero; no overtlow

1 Result less than zero; vo overflow

2 Result greater than zero; no overflow

3 Overflow

Prograra Exceptions:

« Access {(fetch and store, operand 2}

« Fixed-point overflow

s OUperation (0f the interlocked-access facility 18 not mstalled)

» Specification

Programuming Motes:
1. Except for the case where the R and R3 fields designate the same rogister, goneral

register R3 18 unchanged.



Access (fetch, operands 1 and 2) Operation (if the interl ocked-access
facility is not installed) Specification Programm ng Notes: | The setting
of the comdizbimmsorede i s dependent upon storage accessegchgpodioms70€PUs in
the configuration. 2. Wen the resul4i ng condition code is 3, the program
ma branch back to re-execute the LOADPAIR DI SJO NT instruction. However,
after repeated unsuccessful attenpts to attain an interlocked fetch, the
program shoul d use an alternate neans of serializing access to the storage

Oper ands pif L6 PEATTRAIRAN NBD | PEBTAGS AT LOBXORUL ECP ALPARNRAI R

DI SJO NT ‘o fror e ti'mes before branching to the alternate path. 3.
The pr dgpain SKROEKE TRE A €8t endaicCaimbtiat &@Ransi bmaﬁwm&%ﬁoé&wmndl tion code

0 is never DY STOR CONDI. T, | NSTR | ONS: he | bil ow ng are
exanpl éwmtoaérﬁgﬁ%w% 8h*‘é“‘gr7r% TS e 8}% B¥Bis> IERBE N OB T JioN (gRRF RSY
Fm—r)rcpﬂé@n?&ﬂré—éﬁt@%@@ EW(@P 29}1&41%7‘:W performed by the instruction.

LOAD AND ADD LOGICAL (RSY FORMAT)

When the instruction 18 executed by the computer systern, the second operand s added to the
third operand, and the sum s placed at the second-operand location. Subsequently, the
original contents of the second operand (prior to the addition) are placed unchanged af the

-

fiest-oporand location. For LAAL OpCode, the operands are freated as being 32-bitunsigned
binary integers. For LAALG OpCode, the operands are treated as being 64-bit unsigned
binary mtegers. The fotch of the second operansd for purpnses of loadmg and the store into
the second-operand location appear to be a block-concurrent interlocked update refercnce as
abserved by other CPUs. A specific-operand-serialization operstion is performed. The
displacement s treated as a 20-bit signed binary integer. The second operand of LAAL must
be designated on & word boundary. The second operand of LAALG nwst be designated on a

doubleword boundary, Otherwise, a specitication exeeption s generated.

Resulting Condition Code:
0 Result zero; no carry

i Result not zero; no cary
2 Resuit zero; carry

3 Result not zero; carry

Program Exceptions:

s Access {feteh and store, operand 2)

» {peration (if the interlocked-access facility is not installed)
« Specification

Progranurning Note: See the programuning notes for LOAD AND ADD,

LOAD AND AND (RSY FORMAT)



54 When the instruction is executed by the conputer system the second
operand is placed unchanged at the first operand location if the condition
code has woeonficttzs val ues specified by M3; otherw se, the/mr2e®e@PEr and
remai ns unchanged. For LOC and LROC, fhe first and second operands are 32
bits, and for LGOC OpCode and LGROC OpCode, the first and second operands
are 64 bits. The MB field is used as a four-bit mask. The four condition
codes (0, 1, 2, and 3) correspond, left to right, with the four bits of the

mask, NEry : t L [

corres gglﬁ%?{rlﬁlé mas ﬁJ%?ItS%y%%?%ahWrggkﬂlgﬁ% gég g%tt%e(jgﬁ?j? tge %%Ir? ﬂop%ﬁg%ode IS
one, t hadltloatopcsamplas placeddt.thd fecotdopaskd loicstiee Sebdeqdertly, therooigitahe | oad i s
not perforned.. The di spl acemrent fqr and L is treated as a20-bit

o1 gned BRI i gak STEGRILEET 41 el B9 SPAEATL HE PESHUN TR SR T | ed by
the rs,firddelflddodatioR Hor TN Gpt@le, the op&tendsQRE3PBRE Fol PANG ()?@bd@ﬁﬁé or ned),
it is nodel dependent whet her "an access exception, or PER -.fero-address

det ect ioparands gredbats bhef eomnedtizre SR nelappbied smihe oforadis hibhy BvdEhe cpntentsode
remai ns_.unchanged.. : Program epti . Access,.(fetch,. .operand 2 of LOC and
a0 "SRRG s e SR R TE PR SRR eT S LR BB cPefoes T e
Pr ogr argghfath ek asthertvise VIR e dulebitMB séti t8lz6koC TRE Bitdh ErRhOSecohdBpdriked fodCt i on act s
as a -NOP. Wien the M3 field contains all ones and no exception condition

exi st s,putinscy efddading pad the stors inge thaypscopdrapsrand docapieneniaar to bresloglt-e not t he

preferr ' ' - Wdronal . .l.oac pectively.
D “For <CoR T ock TR RO R s N g B e e Dyt R P ERE T 1 o
met, i tsetislizaticebpateganid poifomiet Mhe dishlacaranidrepat @and20-Bit bﬂ’gﬁuﬁﬂi‘ihaﬂy][lt o the
cache. . 3. LQAD ON CONDI T] ON provides a function simlar to that of a
separ atiBiegiales-FeerpEeRgsim AN g b feveritieyorybondaapr hgseeertet i on,

except eo?a@?ahg 'o?ggﬁ\%\lmm @s@ﬂagﬁ 88 aMRLbRGBY gtﬁmﬂglzir. @q?ekfw{s@,gd[ %%?{ﬁcaﬁ:&{

exanpl OW ng two Instruction sequences e equiva On nodel s
t hat i rgteptientis geneditat i ve branchi ng, the conbi nati on of the BRANCH ON
CONDI TI ON and LOAD instructions may perform sonmewhat better

Resulting Condition Code:

{ Result zero

1 Resubt not zero

-

3

Program Exceplions:
» Access {fetch and store, operand 2}
= Operation {(if the interlocked-secess facility 18 not installed)

« Specification
Programmuming Note: Sce the programuming notes for LOAD AND ADD,

LOAD AND EXCLUSIVE OR (RRY FORMAT)

When the instruction is executed by the computer system, the EXCLUSIVE OR of the
second operand and third operand is placed at the second-operand location. Subsequently,
the original contents of the second operand (prior to the EXCLUSIVE OR operation)are
placed unchanged at the first-operand location. For LAX OpCode, the operands are 32 bits.



WO 2011/ 160725PCT/ EP2010/ 067047 55 than the LOAD ON CONDI TI ON i nstruction
when the CPU is able to successfully predict the branch condition. However,
on nodel swohergisvtzs CPU is not able to successfully prediceteped®/obroanch
condition, such as when the conditiorsi is nore random the LOAD ON

CONDI TION i nstruction may provide significant performance inprovenent.
STORE ON coNDI TIoN (P.M FORVAT) When the instruction is executed by the
conput er system the first operand is placed unchanged at the second

oper an i i it Ll vV necl fii.ed by
VB: ot HaF G ot ehCalle BE oAl of BTN o RT R RGOk BRI ™ 1
first apdragéchintly bpcrliandsitantsof3dbibpdsitjonandhd @sulGAHEEE tQpPGo dehe biteinfthe st and

second operands are64. bits. The M3 field is.used as. a four-bjt.msk. The
four cOREFHIOBHINEdHd0S(HgNS Hi the twa Aperayds acs Haldkso A it g YT BhiS SChi%t h t he

four bits aheFhith FPHK se@fd bpLhoNRr plﬂlﬂ%s%ff l@eﬂfin%é’rﬂ{jtihE kPR mAF@elssconged to

sel ect the correspondi ng mask bit. the mask bit selected by the

condi t ioparapddiecatign appsar toHe shloclecinsuprentfinierteckedupdath ectmmenke & abssmkdct ed i s
zero, the st IS haot..perforped. normal instr.ucti.on seguencin roceeds

wi th b WS R b derer GO Ep e Bt e Bedodise 1o Phuatails s
20-bi t tia@pded alonss Mgnddteeey intV e TRNR cectdnd b3 REC nfusebt dyighbed ¥R fiel d
is not nmet (that is, store operation is not perforned), it is nodel
dependervordtherndary aie sseoryl apeemdion & AXp nbiat byydestgnatedfosra dawbloswednd oper and:
(a) an l i r L R storage-alteration event is
gener atbggg&(s@)&g&%ﬁ%’ %gpgcﬁg%gfﬁgse g‘geg)gltb %gf%eggragé\?é nt is generated, or (d) the
change bit is set. Condition. Code: The code renmi ns unchanged. Program

Exceptions: Access (store, operand 2) Operation (if the
| oad/ storeliBaiesHdti o facility is not installed) Programming Notes:

{ Result zero

1 Result not zero

Program Exceptions;
» Access {fetch and store, operand 2}
« Operation (if the interlocked-access facility 18 vot instalied)

« Specification
Programming Note: See the programming notes for LOAD AND ADD,

LOAD AND OR (RSY FORMAT)

When the instruction is executed by the computer system, the OR of the second operand and
third operand is placed at the second-operand location. Subsequently, the original contents of
the second operand(prior to the OR operation) are placed unchanged at the first-operand
location. For LAO OpCode, the operands are 32 bits. For LAOG OpCode, the operands are
64 bits. The connective OR is applied to the operands bit by bit. The contents of a bit
position in the result are set to one if the corresponding bit position in one or both operands
contains a one; otherwise, the result bit is set to zero. The fetch of the second operand for

purposes of loading and the store into the second-operand location appear to be a block-



L Wien the M3 field contain zeros, the instruction acts as a NOR Wen the
M3 field contains all ones and no exception condition exists, the store
oper at i onwo0alweyes perforned: : However, these are not the/mreebesToed neans
of inplenmenting a NOP or unconditionai2 store, respectively. WO

2011/ 160725PCT/ EP2010/ 067047 56 2. \Wen the condition specified by the M
field is not nmet, it is nodel dependent whether the second operand is
brought into the cache. 3. STORE ON CONDI TI ON provides a function simlar

to that i i ] a STORE
st r e finfen FRAICRE HRA R R TS P R G U0, SRR £
regi st ecrialzatioexparplia, is phdofnadd. dhe dgpleomem se treatdd Bra bt eigoakbiaary

ot ho BRANCITONCORRPICTHEAP el STERES PRGSO ey oF B St
bet ter o%@ﬁﬂd b e AS RN SSNRh Bl G al dRbIWokd Qéhn‘&@ﬁzn OthewEU ip%cﬁiléht‘?oﬁ 0

successfully predict the branch condition. However, on nodels where the CPU
i's not cabdpgiones ganeteskf ul |y predict the branch condition, such as when the
condition is nore random the STORE ONCONDI FI ON i nstruction nmay provide
significant performance inprovenent. DI STTNCT- OPERANDS- EACTI ;i1 TY
| NSTRUGT: OINS;; Cokbeichlaiddewi ng are exanpl e Distinct-operand-facility
instructions: A DD (RR :RAE, RRE, RX, RXY FORMAT) ADD | MVEDI ATE (P. 1L,
RAE, STPWEERVIP) Wien the instruction is executed by the conputer system
for Al / o , AGFR, A .GR, AR, and AY (pCodes) and for ADD | MVEDI ATE
( AFL Eﬁ&#éﬁﬁééifhgﬁd ASI (OpCodes), the second operand is added to the first
oper and,--and the sumis placed at the first-operand |ocation, For ADD (AGRK
and ARK) and for ADD | MVEDI ATE( AGHI K andOpCodes), the second operand is
added t'o"the third operand, and the sumis placed at the first operand
| ocation. For ADD (A, AR, ARK, and AY (pCodes) and for ADD | MVEDI ATE( AFI
OpCodes), the operands and the sumare treated as 32-bit signed binary
i nt egersogkorABRIGAG AGR, and MAK. (OpCodes), they are treated as 64-bit
si gned *b«iﬂ?&xﬁlt% ot srtgff:, operand 2}

« Operation {if the interlocked~access facility is pot instalied)

« Specification
Programming Note: Sce the programming notes for LOAD AND ADRD.

LOAD PAIR DISIGINT (XSF FORMAT)

When the instruction is executed by the computer system, the General register R3 designates
the even numbered register of an even/odd register pair. The first operand is placed
unchanged into the even numbered register of the third operand, and the second operand is
placed unchanged into odd-numbered register of the third operand. The condition code
indicates whether the first and second operands appear to be fetched by means of block-
concurrent interlocked fetch. For LPD OpCode, the first and second operands are words in
storage, and the third operand is in bits 32-63 of general registers R3 and Rz 1 ;; bits 0-31 of
the registers are unchanged. For LPDG OpCode, the first and second operands are
doublewords in storage, and the third operand is in bits 0-63 of general registers R3 and Rs +
1.When, as observed by other CPUs, the first and second operands appear to be fetched by
means of block-concurrent interlocked fetch, condition code 0is set. When the first and

second operands do not appear to be fetched by means of block-concurrent interlocked



For ADD (AG FR, AGE OpCodes) and | br ADD | MMEDI ATE(AGH OpCode), the second
operand is treated as a 32-bit signed binary integer, and the first operand
and t he swonargiehmeat ed as 64-bit signed binary integer cThRPROODEMWIMVEDI ATE
(AS:i OpCode), the second operand is Breated as an 8-bit signed binary
integer, and the first operand and the sumare WO

2011/ 160725PCT/ EP2010/ 067047 57 treated as 32-bitsigned binary integers,

For ADD | MMEDI ATE (AGSI OpCode),the second operand is treated as an 8-bit

si gned _hpnary, . t i I g . as
T R i A b S S
and t hiThd digpéacamdst afitie firse adesbcasd GRrdnids istireptatastd Habiy unsnigwegdnsaryand t he
second .oper ..s treated as a 16-.bit signed hinary inte . _For

WED! ATESAGH Feepeegnd otrsonds oL EPDRut e denteBard ot Var bbb d s
64-bi t LR LRINAIp¥rahld SOSPISG A bE A& SREQANh LRKIHARH Dolf R {hnds) a
16-bitsigned binary integer. Wen there is an overflow, the result is

obt ai nedgikiyr BB now degigmate thaeyon numbsredregisicgrOthetwign gispéaicatiod exéqphioni ng any
carry out of %(];e sign-bit position, and condition code 3 is set If the
fixed- 6%??{@% rflow mask is one, a programinterruption for fixed-point
overflow occurs. Wen the interl ocked-access facility is installed and the
first operand of ADD | MMEDIAIL (ASI, AGSI) is aligned on an integral
boundarf&ﬁ‘e]@ﬁgééﬁéﬁf@i’lﬁ‘gﬁdﬁb its size, then the fetch and store of the first

oper ang, @éo‘%pt@{ﬁa‘hoﬁs{;'&e% c}%ﬁmgﬁs‘GE‘En‘?‘Ich%%!ﬁ&%EHPd?‘te as observed by other CPUs,
and a specfi?l -operand-serialization operation is perfornmed. Wen the

i nterl ocked-access facility is not installed, or when the first operand of
ADD | MVEDI ATE (ASI, AGSI) is not aligned on an integral boundary
corresponding to its size, then the fetch and store of the operand are not

per f or ngd. as..an.i.nterlogked ypdat.e,...the.di.spl acenment tbr Ais treated as a
12- bi tunsgl’g’gne1 g:lnar y‘jl I ntgglet"r .bél%e t"(lel spl acement for AY, AG AGE, AGSI and

.ASI, is treated as a 20-bit signed binary integer, Resulting Condition
Code: % Result zero;, no overflow | Result |less than zero; no overflow 2
Resul t ‘¢PEarer™“tRE®zer o no overflow 3 Overfl ow Program Excepti ons:

« Access (fetch, operands T and 2)
« Operation (if the interlocked-access facility is not mstalled)

s Specification

Programming Notes:

1. The setting of the condition code is dependent upon storage accesses by other CPUs in the
configuration.

2. When the resulting condition code is 3, the program may branch back to re-execute the
LOADPAIR DISIOINT instraction. However, after repeated unsuccessful attompts to attain
an inierlocked fetch, the program should use an alternate means of serializing access to the
storage operamds, It is recommended that the program re-execute the LOAD PAIR
DISIOINT vo more than 10 times before bravching to the aliemate path,

3. The program should be able to accommedate a situation where condition code U is never

st

LOADSTORE-CMN-CONDITION INSTRUCTIONS:

The folowing are example Load/Store-on-condition instructions:

LOAD ON COMNDITION (RRF, RSY FORMAT)



Access (fetch and store, operand 1 of AGSI and ASI only; fetch, operand 2
of A AY, AG and ACGE only) WD 2011/160725PCT/ EP2010/ 067047 58 Fi xed- poi nt
over f | ow woperiatsoes (AY, if the | ong-displ acenent facil iPCY/EP2010067047
installed; AFL and AGH, if the extendadi nmediate facility is not install ed;
AGSI and AS if the general-instructionsextension facility is not installed,
ARK, AGRK; AWK, and AGH K, if the di stinct-operands facility is not
installed) Programming Notes: |. Accesses to the first operand of ADD

| MVEDI | st orage
and su@ggeqlﬁeﬁsglﬁg?%ﬁr%eﬁwg gtce L&gef%},swn\l\%%gnéeic @?ﬁrgﬁi %ngd access
facili tllj!lChEBlgmi)'at tlhnﬁirsiloperdnd lmamlnenf therm)nﬂltmstcod@hzxsaom of shamatfucalspemidetl on an

i nt ding to it
Lo & ho 1121 1B e (B HRE R CBREAF e FoOROC ATt oy TAT A8t he
ot her. bRdRropstinbs %@Qlﬂlﬂsoﬁﬁi fot@@dd@?@b& JddtLGI%@‘é* OpOSH gAMoL be

safely used to update a location in storage if the possibility exists that
anot herse@mRd aperandearsifdrinie] Theulds st emuyed/asd orbe mq@@aThen@ut trnditomat i on.

a1 | gned OB Wn 1t Ko Boteary eaibefoh i i o8 of Bah0E, S kBouRerand i s

accessed using a block -concurrent interlocked update. 2. For certain
programm ng | anguages whi ch ignore overfl ow conditions on arithnetic

oper at i ‘OngiTEHeosst oD Hgtol eohidi Klcehthe sdePopbiss dreek Pthid i yaskdt t he

resul t. e M\{I%I% S f e e ich is
known af ﬁ\%ﬁ% e J’O%#H QEOB énera |on3tdn§gu]h ntﬁ Hc%iitD m%%(% CJr%gt{aiy\{%r‘z’irlr%(:h mask
whi ch whd loa@éoon @tﬂ&nymdietrezr ffispec érh@uuf@siuhflan@{su gm» AR ALEGE CAl: {3 RRE,

RX, RXY.Fornmat) CALIMVEDATE(RIL For % When the jnstruction is
execut &&%}y Htt%:f &5%6%% P stemy hriaﬁhwp@ﬁsdm@%m 1%%&& ﬂm‘@ ﬁA@@FMAﬂ@ER

. ALGR, n I e fﬁp’% . GH and ALF
OpCodes R;t“h% goe@o%ggggg?‘a%% ifgghjg%% (%? %%chm perand the sumis

pl aced eateitt;he 41 TSt operdndsd dgattioons generated for the second operand.

Condition Code: The code remains anchanged.

Program Exceptions;
» Access {fetch, operand 2 of LOC and LGOC)

« Operation (i the load/store-on-condition facility s notostalled)

Programuming Notes:

1. When the M3 ficld contain zeros, the instruction acts as a NOP. When the M3 ficld
contains all ones and no exception condition cxists, the load operation 18 abways performed.
However, these are not the preferred means of implementing a NOP or wnconditional lead,
respectively.

2. For LOC and LGOC, when the condition specified by the M3 field s not moet, i 18 model
dependent whether the scoond operand is brought into the cache.

3. LOAD ON CONDITION provides a function similar to that of a separate BRANCH ON
CONIDITION instruction followed by a LOAD instruction, except that LOAD ON
COMDITION doos not provide an index register. For example, the following two instraction
sequences are equivalent. On models that implement predictive branching, the combination

of the BRANCH ON CONDITION and LOAD mstructions may perform somewhat betier



For ADD LOG CAL (ALGRK and ALRK OpCodes), the second operand is added to

the third operand; and the sumis placed at the first-operand | ocation. For
ADD LOG G#b 20Al160AR, ALRK, and AT Y OpCodes) and for ABPDTIE®GH1GAL704MVEDI ATE
(ALFI OpCode), WD 2011/160725PCT/ EP2(s50/ 067047 59 the operands and the sum
are treated as 32-bit unsigned binary integers, For ADD LOG CAL (ALG ALGR,
and ALGRK OpCodes), they are treated as 64-bit unsigned binary integers,

For ADD LOG CAL (ALGFR, ALGF OpCodes) and for ADD LOG CAl, MVEDI ATE (At kin

OpCa. - 3dg) the 3 & @ﬁ\ﬁ ?ﬁ‘@ neapan é"ldmh% SR ;oﬁ%t 18d @scp32ahlk En éh“?és, ﬂ;@i@ w?ld?&r y

i nteger, a first operand e sumare treated unsi gned
bi nary thmbnagér mndilfhaea Hiospl~ acemmmti i rheAlLthe $ PR pabethlas «wci&ahﬂm pamkitgned
The di spl ac for. ALA, ALG .an reated as a

poro 1 e HEEE Ry R Pah S ARG oA TR Rt e Sar oS B

carry lp (RQ@Wﬁ)‘@%xt%&ﬁ&ﬁmﬁ‘\‘;’p;{%@mc&%ﬁ%ea%w irf&ﬁﬁaﬁ@w i@f’?}ffc’i%ﬂ%nResmt not zero;
carry Program Excepti ons: "Access (?etc oper and of AL, ALY, ALG and

ALGF only)
STORE ON CONDITION (RSY FORMAT)
When the instruction is executed by the computer system, the first operand is placed
unchanged at the second operand location if the condition code has one of the values
specified by M3; otherwise, the second operand remains unchanged. For STOC OpCode, the
first and second operands are 32 bits, and for STGOC OpCode, the first and second operands
are64 bits. The M3 field is used as a four-bit mask. The four condition codes (0, 1, 2, and 3)
correspond, left to right, with the four bits of the mask, as follows: The current condition
code is used to select the corresponding mask bit. If the mask bit selected by the condition
code is one, the store is performed. If the mask bit selected is zero, the store is not
performed. normal instruction sequencing proceeds with the next sequential instruction. The
displacement is treated as a 20-bit signed binary integer. When the condition specified by the
M3 field is not met (that is, store operation is not performed), it is model dependent whether
any or all of the following occur for the second operand: (a) an access exception is
generated, (b) a PER storage-alteration event is generated, (c) a PER zero-address-detection

event is generated, or (d) the change bit is set.
Condition Code: The code remains unchanged.

Program Exceptions:
« Access (store, operand 2)

s Operation (f the load/storc-op~condition tacility is vot imstalled)

Programming Notes:

1. When the M2 field coniain zeros, the instruction acts as a NGP. When the M3 field
contains all ones and no exception condition exists, the store operation 18 abways performed.
However, these are not the preferred means of implementing a NOP or unconditional store,

respectively.



OQperation (AlX, if the |ong-displacenent facility is not instaRed; ALF and
ALGFl, if the extended imediate facility is not installed; ALRK and ALGRK,
i f the diwbioottsopsrands facility is not installed) ADDpc@@EPAb/oWWoIH SI GNED
| MVEDI ATE (STY, RIF Format) When the jénstruction is executed by the
conput er system kyr ALGSI OpCode and ALSI OpCode, the second operand is
added to the first operand, and the sumis placed at the firstoperand

| ocation. For ALC. fFISIK and ALFI SI K, OpO.-3des the second operand is added
to the ARy P n Mk at :d: l.ocati on.
For ALSI d)%ggeé&étﬁﬂm h%t'gr og“\é?%n %\ﬁl ﬁﬁfggrsnu%nwalggK rea)tm@&%r ag%ﬁﬁot

unsi gnetk fHicnadt yprdratdeg érsighteie Bk Gsthe. QpCodes, the first operand and the sum

are treat, 4-hit. i.gned,bi nary.integers. For bot h ALGSI ,

the secongUBepRtOND T REL G R R i S ER R st B navy w ne ey TS

ALFI SLIK@peodey i:hecddd Slioapdnt Q"JE@} QP@}@@&Q&;@&@:@?{ @atedas (§2-bit

unsi gned binary integers. For ALCH irst and third operands
are trddpBBIBEI 6 dodsinot uma@mﬁn@:mwm rﬁoegemsvk For fstibrshnz@@@ foBirSitikenand
ALHSI K, the second. qgera d |s ét@% ? g ? gne g nar |pteg WO
2011/ 180755PCT EPPE107 06704760 Uit eﬁ’"ée“ incia 6%?%‘8 bac% %"?’3 PPy i s

i nst al lgehapdatig: O sONIpET @RS TR YRRty @hnd RndyH-e@Falohoundaoter
corresponding to its size, the operand is accessed using a block-concurrent

i nt er | oekeide YPEATRCNFor NALEE Y waqﬁfevwwwswiw thd Hesont 'eperanduiispadded to
the firgt; ¢ 1e.S dya eran cat.i on_
For ALy REL e R 8o BN AR O R L ATE o PEE AR P

operandh;ﬁmdtthﬁmsumthﬁz@kaﬂedtaiuihEUmnﬁsmtﬂeeﬁ@nd1teéaﬁnbn For ALSI t he
first operand and the sumare treated as 32- b|t unsi gned binary |ntegers
For ALGENCURRE P NSRS IBREPARYY S theediirv i re P redre 8 VE4C i t unsi gned

bi nary |ntegers For both ALSI and ALGSI, the second operand is treated as
an 8-bit signed binary integer, For ALHSIK, the first and third operands
are tréﬁﬁé@ﬂﬁg<BE¥bhﬁﬂﬁhhﬁﬁﬁbﬁ%b?ﬂﬁt&?tﬁt@ﬁérs For ALGHSIK, the first and

third ds. are trea eg as 64-Dbit-unsi gned Zjnary i ntegers. For both
ALGE! SI RCARER RERET) KT oD SOBUAT GPEr AT S FORTSd as a I6-bi t i gned

bi nary Ambeger i \\t\h@;@ﬁ e, lam@ﬁkﬁ@hﬁdﬁaﬁﬁm%ﬂtt@@dﬁtyt}aitﬁ gnstalled and the

first operand is aligned on an integral boundary corresponding to its size,

then t Hé&3H¥dR and store of the first operand is performed as an

i nterl ocked update as observed by other CPUs, and a specific

operand-serialization operation is performed. Wen the interlocked-access

faci | i tyhis:H0edstiubSd:alslceehuar byvheds kbt Lysdln, Qt@aemmﬁ( fofA@DmL O=GEAL

-WTHSI G ° | ED | MVEDI ATE (ALSI, ALGSI) i s not ned on an integra
boundar%ﬁf%oﬁiﬁeﬁﬁbﬁ@l‘ﬁig(‘tda‘* 1l foi 280 MM IR | e‘t@h id. 8tekerdf Y he operand

are note, perf.or @rﬁtdar{}etd%?f Pi%}t?c?tht‘éﬂﬂ%tt;jw \é@e&dtzbfuﬁﬁ?qo;ﬂgc&%‘?Ett%”d

contaln a nega iVe va hé condi tion

SUBTRAGFLQG:: Géttt lopenal Fonmias APRKE endBa K Goodit ADD IGAD‘G[E@)EAT[ELHGPEK set when

the second erand. i s pegatiye. The displ ace IS treated as a 20-bit

si gned % n’éﬂ% THtager meat%/ P’lﬁfga*@o‘ﬁaﬁt?‘td&ﬁ ﬂ&”@@ SPCRESIE et ¥no cam
Resul t QLJ%9ﬁ££ﬁqQ$ canty..2,Result zero; carry 3 Result not zero; carry
AND (R& RRF, "RX, RXY, SL SIY, SS F)RVAT) Wen the instruction is

execut ed by the conputer systen1 for NN, NC, NG NGR N, NY, NR and NY

Giete R ORISR e AT N

oper andi:dPLRACBE sum are troated as 32-bit signed binary integers. For ADD (AG, AGR, and

AGREK Opllodes), they are treated as 64-bit signed binary integers.

For ADD (AGFR, AGF UpCodesy and for ADD IMMEDIATE(AGF! OpCode), the second
operand is treated as a 32-bit signed binary mteger, and the first operand and the sum are
treated as 64-bit signed binary infegers. For ADD IMMEDIATE {AST OpCode}, the second

opeorand is tregted gs an 8-bi signed binary mteger, and the first operand and the sum are



WO 2011/ 160725PCT/ EP2010/ 067047 61 at the first operand |ocation. The
connective AND is applied to the operands bit by bit. The contents of a bit
posi tion wo 2bheisorsult are set to one if the correspondipog/apé10pemist i ons in
bot h operands contain ones; otherw se§7 the resUt bit is set to zero. For
AND (NC OpCode), each operand is processed left to right. Wen the operands
overlap, the result is obtained as if the operands were processed one byte
at atime and each result byte were stored i Mmediately after fetching the

neoesSar i ARERANA.BKLER., Fal A0 (M Bnd\NiRERdasly dheti felogparand is

one byte in [eéength, nl'y 6ne byte I's stor For and
NY) , th@wﬂmén@mﬂﬁuhhemEQMKmgnuhhdmfom:ANDm@N@pﬁN@RpmandaﬁEﬁKqﬁnﬁndes) t hey

i1 cat od AR g et by Tt per TSR E PR g T v,

and NG'aul‘i $hikd @[%Irﬁ‘gi% ag t@%@e(piqt 378 h%@%dﬁh%f Yok L8 Q8E thResuld é;ﬂ:gan@qod' tion
Code: esult zero | Result not zero Prog ran1Exce tions: ‘Access (fetch,

oper andi «Ztadl‘ds 2NV blﬂ\l@pna@rhﬂmmmti A cifpr a"fi"dDéva‘rlEELﬁEEﬁéﬁdﬁﬁ OpPodagvibe and  NC)

Qper at i i.f, the g cenment i nstalled;
Mok o PRl gt St SR R PRSI gt RS bt e B
EXCLUSEVE: 4R {RR: 6-BibenddRifrary BNCQJRXY SI, SIY, SS FORVAT) When the
instruction is executed by the conputer systen1 for X, XC, XG XG&R XL

XY, XR and XY OpCodws, the EXCLUSI VE OR of the first and second operands
IS pI ag, %mﬂ? %o{éh{;&pgﬁ%@%it'z%?ﬁh 1@ 4 ﬂéx ?é%x %dtcrls 1 thg ?(Qg}%? the

EXCLUSI e secon op erands s pl'ace

first-gpetiandnd aeatizgbuy Jhe, conniaetiyxs! a;E}@hilziSi Whai Eﬁdn&»mpﬂu ﬂsl s¢toiftthe
operands bhit by b|t The contents of a bit positjon in the result are set
to one ¢ tméﬁfﬁ oMM HE s CBF rigEpEH HETBPHODOEI PEERE T AV PHE W6 Gper ands
are unlike; otherwise, the result bit is set to zero. For EXCLUSI VE OR ( XC
OpCodws), each operand is processed left to right. Wen the operands

over | ap¥h¢hiae nesdddicii scobs &icied saisstisfled he (WORRD 244260725 PCTHMERZOEO/IB67047

{ASL, AGST) s ahigned on an itegral boundary corresponding to #ts size, then the fetch and
store of the first operand are performed as an interlocked update as observed by other CPUs,
and a specific-operand-seriglization operation 15 performed. When the interlocked-access
tacility 1s pot imsialied, or wheo the first operand of ADD IMMEDIATE {(AS], AGST s not
alipned on an infegral boundary corresponding o it size, then the fotch and store of the

operand are not perforroed as an interlocked update,

The displacement for A is treated as a 12-bitunsigned binary integer, The displacement for

AY AG, AGE, AGET and ASL 18 treated as a 20-bit signed binary mteger.

Resulting Condition Code:

{ Result zoro; no overflow

1 Result loss than zero; no overflow

2 Result greater than zero, ne overflow

3 Overfiow

Program Exceptions:
» Access {feich and store, oporand 1 of AGSI and AST only; fetch, operand 2 of A, AY, A,
and AGF only}



62 operands were processed one byte at a tinme and each result byte were
stored imedi ately after fetching the necessary operand bytes. For

EXCLUSI VBvORo{1¥6072XI Y OQpCodws), the first operand is oneclmpreotionscioengt h,
and only one byte is stored. For EXCL8SI VE OR (X, XR, XRK, and XY OpCodws),
the operands are 32 bits, and for EXCLUSI VE OR (XG XGR, and XGRK OpCodws),
they arc 64 bits. The displacenents for X, Xl, and both operands of XC are
treated as |12-bit unsigned binary integers. The displacenent thr XY XY,
and XG.is treated .a8,,220-bit signed binary integer. Resulting Condition
Code: 0 Result zero Result not zero 3 - Program Exceptions: Access (fetch,
oper and ZyerdXienX¥Y , XGhe and-XGyladoetcahfzandy stront éystadipér atdedd AGKI, ifbY, and

I XC) Operatjon (XlY.and XY, if th ng- dj acement facility is not
| st al 1SS RIS KEREY f o HEr Gt MO "6 86 bas PR TIEy i SRsT
i nst al l.edy)in Pregtadmmng,Motes s rlk, Axr EXEHURI MR CRMRY: e ssedLaslayert a

bit, an. operation particularly useful in testing and setting progranmmed
bi nary fsulitychest installed)

Progranuming Notes:

1. Acceasses o the fivst operand of ADD IMMEDIATE (AGST and AST) consist jo fetching a
firstoperand fron storage and subsequently storing the updated value. When the miteriocked-
access facilily is vot fmstalled, or when the first operand is vot aligned on an integral
boundary corresponding o its size, the fetch and store accesses to the first operand do not
necessarily oocur one mmediately atior the other. Under such conditions, ADD
IMMEBHATE (AGSE and ASH cannot be safely used to update a location in storage if the
possibiiity cxasts that another CPU or the channel subsystem may alse be updating the
location. When the interlocked-access facility is mstalled and the fivst operand i aligned on
an integral boundary corresponding to its size, the operand 18 accessed using a block-
concurrent interlocked update.

2. For certain programming languages which ignore overflow conditions on arithmetic
operations, the seting of condition code 3 obscures the sigo of the resull, However, for ADD
IMMEDIATE, the sign of the 12 field (which is known at the time of code generation) may

be used i setting a branch mask which will accurately deternune the resulting sign.

ADD LOGICAL (RR, RRE, RX, RXY Formaty ADD LOGICAL IMMEDIATE (RIL
Format)

When the instruction 18 exccuted by the computer systemn, for ADD LOGICAL (AL, ALG,
ALGE, ALGER, ALGR, ALR, and ALY OUpCodes) and for ADD LOGICAL IMMEDIATE
{ALGF and ALFI OpCodas), the second operand is added to the first operand, and the sum

is placed at the firstoperand location.

For ADD LOGICAL {ALGRK and ALRK OpCoades), the second operand s sdded to the
third operand, and the sum is placed at the first-operand location. For ADD LOGICAL {AL,

ALR. ALRK, and ALY OpCodes) and for ADD LOGICAL IMMEDIATE (ALF1 OpCode),



3, Afield EXIC USIVE-GRed with itseif beconmes alizeros.4. For EXCLUSI VE
OR (XR or XGR), the sequence A EXCLUSI VE-OR B, B EXCLUSI VE- OR A,

AEXCLUSI fEo@QRi1Bsosul ts in the exchange of the content s poi/Eiz@ndeds4mi t hout
the use of an additional general regi®ter.5. Accesses to the first operand
of EXCLUSIVE OR(Xi) and EXCLUSIVE OR (XC) consist in fetching a
first-operand byte from storage and. subsequently storin,g, the updated
val ue. These fetch and store accesses to a particular byte do not

necessarl l)é(m?ﬁf Wh one, Lymediate lf;é/}@ﬁ;ﬁt%rmsigga—,ed QLR i HV S5, BEGHUSI VE OR
cannot be safely used to update a lTocation in storage if the possibi iffty
exi st s iatCanot her ACPIR, and & cHENRRI gk o; gramamytal sadbst wpdatkt bgiatshe

| ocatiaon: WD 201 725PCT/ 0/ 067047 63 OR (RR RRE, RX, RXY, SE
SAY. S ECRIAT WG € R EL G LEL ORI GHESHEE UEEY Vb9 UhEOCORAN of Syat em
for 0, 1£61r06, TEERLAT OR LY O AR IDEAN8Sar:d RE: PRLOTEBRS Bik st and
second operands is placed at the first operand |ocation. For OGRK and ORK
t he ORigkztrhendsiéc ond candnd hid deoperantsaitdaplabe duagndadiendi rgeawper and

| ocation. The connective ORis applied to the operands bit by bit. The
contents of a. bit position in the result are set to one if the

cor r es poRdidghcbht:0s ki o Rchitd Q08 101ithekhnePBHands:-caNtTal A8y RO for
otherwi se, the result bit is set to zero. For OR (Oﬁ OpCode), each operand.
i s procEstedi ettt fbUFgheslcdwen e saped 4Hds olel.ap, the result is
obtained as if the operands were processed one byte at a tinme and each
result byte were stored inmmedi ately after fetching the necessary operand
byt es. &anliERAIHoMNPpCodes), the first operand is one byte in |length
and only one byte is stored. For OR (0, OR ORK, and OY OpCodes), the
operandéﬁﬁﬂgzgﬁﬁﬁ?§?fénd for OR (OG OGR, and OGRK OpCodes), they are
6z1bi t 5. Jhl 5 vt ol SPLAGEMRALS KO, Q,.. 0, and both operands of OC are
treate %Eb%égb%fgfgﬁgggﬁgga%?ﬁgg?Q?%fegers. The di spl acenent for Oy, AY,
and OGj Bestiteat edoasria20-bit signed binary integer, Resulting Condition
Code: O Result zero | Result not zero SH FT LEFT SINGLE (RS, RSY FORMAT)
When the instruction is executed by the conputer system for SLA OpCode,
the 31-hitAUTREEGRart of the signed first operand is shifted left the
nunber of bits specified by the second-operand address, and the result is
pl aced *atccehvd il spcope and i, ddat.i/onl. BidtALOF3piof general registerR |

e ERARRS F o Sy RSP R PUEEL 6 PRLE B} Dy pLoned

second--gperanthasdseSsiii@ndndhesdiest bl b AL 0 kS0 Bitinefoddhedi hi rd

oper and appended on its [eft, is placed at the first-operand location. Bits
0-31 oﬁﬁ@ h@ﬁ&?“ﬁ@@ﬂ%ﬁer R1 remai n unchanged, and the third operand renains
unchanged in general register R3, For SLAG OpCod.e, the 63-bit nuneric part
of the signed third operand is shifted |eft the nunber of bits specified by
t he second-laperand vaddf 8RSYEBIYIMABIATEYETY, NMiFtfortdhe sign bit of the third

oper and nded on its left, is WD 2011/ 160725PCT/ EP2010/. 067047 64
P ngp ‘f%e ?ﬁsm;,e:tifm ts executed by t?zc computer syster, 2'5.'}}” ALGSE Opllode and ALSH

Opode, the second operand 18 added fo the first operand, and the sum is placed at the
firstoperand location. For ALGHSIK and ALHSIK, GpCodes the second operand s added to
the third operand, and the sum is placed at the first-operand location. For ALSE OpCode, the
first oporand and the sum are treated as 32-bal unsigned bioary integers. For ALGS]
OpCedes, the fivst operand and the sum are freated as 64-bit unsigned binary integers. For
both ALSE and ALGS, the second operand is treated as an 8-bit signed bivary wnteger. For
ALHKNIK OpCode, the first and third operands are treated as 32-bit ynsigned binary integers.
For ALGHSIK OpCode, the first and third operands are treated as 64-bit unsigned binary
wtegers. For both ALGHSIK and ALHSIK, the second operand is treated as a 16-bit signed

binary mioger.



pl aced at the first-operand |ocation. The third operand remai ns unchanged
in general register R ne second-operand address is not used to address
data; itswoightmors six bits indicate the nunber of bit pposireéionsotn be
shifted. The remai nder of the addresssoi s ignored. For STA OpCode, the first
operand is treated as a 32-bitsigned binary integer in bit positions 32-63
of general register RI. The sign of the first operand renmai ns unchanged.
AII 31 nuneric bits of the operand participate in the left shift, For

. Ay d.. L r o Leat as32-hiL.sl.oned binary
i egers Th b peartions so! B RoMERErE b BB SRR g
r espectinieglay botikers smgnmfnd&hﬁoﬁﬂ»r»&b t@pepmﬂi issicstodegura) 2 bloct-benaignt of the
third aper.an d. Al bj t the third ope and articipate in the
ot £ S RREToC e PR AGOTHA T e b et PR Sra 4 P ey S b bi ¢
si gned JRj; par Y ﬂtp@a%& %u m@ fi?lth;p@a%ﬁ!i‘ldc@ﬂén Q63,1 ol agnelak: 1egt shetgRy and
R3, respectively. The sign of first operand is set equal to the sign of
t he thlwpdm@rbwaawdd io\hk 8! @mﬁ @mbihps»umfh phecd hnhadﬁx}perﬁamﬁ partdrciEFpate in
t he Ieft SLA ze ] ed to the vacated
bi't posteTols i TRETPRURET i SRaTT  of 6B P SEaR TRE L HE=EP i oi ¢ are
shi f t edsjouts, afe Bkl PRSIt e Mha33im é@ﬁmﬁkﬁ d@ Fr@%ﬁlﬁlg@fd Bhdry POSELS ARy befiOr
SLAG, an overflow occurs; and condition code 3 is set, 11 the

fi xed- poiFtaverE b owerrastodpinerdng ioesichaprogbamannd bmﬁwﬁmw for

fixed-p oy r I i t.i , e te.4€ro no
over f | o%l%l&é ﬁr{a{g}s@% RS ‘“iz”ieﬁ?%é%%%&g%g? T%\E/tv @QF{% [f a r@a HL’ than zero;
no overfilows s Guerifd and meieq&m@ﬂmmouﬁr@ﬁh@wﬁon@eﬁ@m amr§ Shégg,rb ifort he

di stinct - oper ands facilli t%\il s not jnstalled) SH FT LEFT SINGLE LOG CAL (RS,
RSY Foﬂwﬁfr% Ligheribeme Hride Fudhs ftfrhf’?%ﬁfék‘é@dt’ H02BY 2t héO-CEMEIEY &Y SHERTT f or

SLL @Q@%%ﬂ&[&ﬁﬁﬁ% Liddd liRbef ahdudsRNhd el ohhiy {S%rs‘ I, of bits

specifie e second- oper ress, and the‘'resu aced at the
first- oq&tegaahdmlmieatamm@@& 063k =0k, @emércatbuh egll sterofRic ﬁe,atrapﬂawhshanged.
For SLLK, the 32-hit third gperan h|f ft the nuober of, bits

speci fifsd By~ %ems%%lﬁ@“’ PBRGS By e ahe e red e e WI%E¥d at the

first- Qpﬁga@nﬁoﬂ, Q&akdi ANy p%ﬁn& %ﬂhegfm@%f@mk od-8QLst LR s KBNRLAMNGhanged,
and the third operand réenmai ns unchanged in WO 2011/ 160725PCT/ EP20i0/ 067047
when the first operand of ADD LOGICAL WITHSIONED IMMEDIATE (ALSE ALGSE) s
wot ahgoed on an ntegral boundary corresponding o iis size, then the feich aund stove of the
operand are not performed as an interlpcked update. When the second operand contains a
negative value, the condition code s 3¢t as though 4 SUBTRACTLOGICAL operation was

performed. Condition codell is never set when the second operand is negative, The

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

Resulting Conditinn Code
0 Result zero; no carry

! Result not zero; no cary
2 Result zero; carey

3 Result not zero, carry

AND (RR, RRE, RRF, RX, KXY, 81, 51Y, 88 FORMAT)

When the instraction 18 executed by the computer systern, for N, MO, NG, NGR, NI MIY,
NR, and NY Oplodes, the AND of the {irst and second operands s placed at the first
operand lpcation. For NGRK and MREK, the AND of the second and third operands 18 placed



65 general register R3. For SUG OpCode, the 64-bit third operand is shifted
| eft the nunber of bits specified by the second-operand address, and the
result iswplacedoas fhe first-operand | ocation. The thi pdTapesianeronenai ns
unchanged in general register R3 The @econd-operand address is not used to
address data its rightnost six bits indicate the nunber of bit positions to
be shifted. The renmai nder of the address is ignored: For SLL, the first
operand is in bit positions 32-63 of general register R. Al 32 bits of
the oper and:Ral k] LLRALSL i@ hel fe $BIh bs 2 Ji0kd RHK o bR lif 51 nANE L hi rd
oper an S'grg”?ﬁ£L$% gég?fioﬁgggégégﬁg?Qgéhd aFdEtgﬁg?é%sdiﬁyg%a“RBF

r espectobwehy.of Attt (Bitbhtis tlefredditenrt Ritrid cope tlanderopartdiog papeitioms thesthef t
shift. For SLLG .the first and third operands are in bit _positjonsQ-63 of
gener aloPEETSTELS ReaRIRRYSE ras et UG 11 Caro da BNIS (OF ORehitrg:

oper and,Rakk i chRate.d Bathechefdnshid Lpe Rk oShltp, Blelilyi0k Bldkia @R Gades,

zeros are supplied to the vacated bit positions on the right. Condition

(1 ode: <Phendodercrenaibang amndhrngedinPrdgranTExit bpieivons stoQueratddoncly SLLK, i f

RS FCRURT) lon e ot POt bR S Tai ettt B 85 ¥ RECEbabuvere Sytem for

SRA OpGedend the:dbtdintic YRR Grpadde Ok bhewst goed i rsINRPERANd:E SyShi f ted
right the nunber of hits specified by the second-operand address, and the
resul t thsoplrggedrat2ithentiips fNohbSFantCRodut MNoR K Bt ¢igu3honfegdndpal
regi st er, Rl _renmin. unchan . FQr. SRAK. Op. e, 1he; 31-Pit numeri.c part of
the oi osa ol P AhseraRGr and ph gt RPEREe chlB SRR eC0 By
t he sedebgeropetalichia@agness andyt hed Nesilitcaiodiat B2E-be sghgholity iofegthe third
operand appended on its left, is placed at the first-operand |ocation. Bits
0-32 of general register Rl remain unchanged. For SH FT RI GHT SI NGLE ( SRAG
OpCode, .., khe <14 neric part of the signed third operand. is shifted
ri ght g%gu%%ﬁgg%a%?hggﬁé'specified by the second-operand address, and the
resul t i ®est:h &twe sign bit of the third operand appended on its left, is
pl aced %%‘Ipe‘fi[st-operand | ocation, The third operand remai ns unchanged
in generai®'f'églf &8r R3. The second-operand address is not used to address
data; ists rightnost six bits indicate the nunber of bit positions to be
shifted. The remai nder of the address is ignored. For SRA, The first
operand +s treated as a 32-bitsigned binary integer in bit positions 32-63
of general register RI. The sign of the first WD
2011/ 160725PCT/ EP2010/ 067047 66 operand renai ns unchanged. Al 31 nuneric
bits ofprbhemapeeamehsparticipate in the right shift. For SRAK the first and
third operands are treated as32-bit signed binary integers in bit positions
32- 63 ofAhugendideh. cagieat éry. RY . i 2RE NG depleatd veleyoreThe! 5itgn™NeY. 4e fir st
oper an !§ set equal to the sign of the third operand. Al 31 nuneric bits
of the third operand participate in the right shift. For SRAG the first
and t hi-rtheppenands ad ey rieakech@sibdiabivtens bghied ibraaryalicdt BgEISatd bi t
positians 0-63 of general regjsters R 1 and R3, respectively. The sign of
t he fiﬁggkoﬁgFﬁﬁﬁuFé0@@@“@dﬂéhﬁﬁ6G?Wéﬁéﬁﬁﬁ of the third operand. Al 63
nuneric bits of the third operand. participate in the right shift. For SRA
SRAG, or SRAK, bits shifted. out of bit position63 are not inspected and
are | oStXUBUEEBVRFRR REMS BT gh¥ R BYsthplik et FOtMNiaTyacat ed bit positions
on the Left resulLing, Rndl i ny$2d8: RSl dn 2879, xc, X6, Xar, X1, X1,
XR, and XY OpCodws, the EXCLUSIVE OR of the first and second operands is placed at
the first-operand location. For XGRK and XRK Op{lodws, the EXCLUSIVE OR of the
sceond and thd operands s placed at the fivst-operand location. The connective
EXCLUSIVE OR s applied to the operands bit by bit. The contents of a it position in the

result are set to one it the bits in the corresponding bit positions it the two operands are

unlike; otherwise, the result bt is set 1o zero. For EXCLUSIVE OR (XC OpCodws), cach

operand is processed loft o right. When the operands overlap, the result s obtamed as if the



| Result less than zero 2 Result greater than zero Program Exceptions:
Qperation (SRA K, if the distinct-operands facility- is not installed)

Pr ogrammiwg 2blotwez2s1 . A right shift of one bit positionpcs/mrguiorstoent to
division by 2 with roundi ng downwar d.62WWhen an even nunber is shifted right
one position, the result is equivalent to dividing the nunber by 2. When an
odd nunber is shifted right one position, the result is equivalent to

di vidi ng the next | ower nunber by 2. For exanple, +5 shifted right by one
bi t pOgILL 0B YRl S ke WIRLRAS By kRl oS 1 du BuicRAle SHLETRLGHT ! NCLE
(SR SRy s T R R R B e T S BN ¢ e
to be siiicf foadhirguthe abcdshey ppghsd bytes. [Fea kg L& IVESORI KO XY Oofodesoihe

depending on whether. or.not the initial content e. i) or SHI FT
R G SRR Trangy TS e i o R o RGBT (e P aMIBER

2011/ 1607 2RETLEPRO19L06704 71164, Mhen 408 Lasthyeld o i ssexeeut ed by the
conput er system ibr SRL, OpCode" the 324it first operand is shifted right

t he nurBérX6f, bid L8ebinfivdushyidvhe: sbtondhogerindnaddfess, Xand! béte resul t
is placed at the, first-operand, |ocati n.”BitgrQ- _of general.register R
e n NN EAC o AR Cp e e St e Ao BEERARdT S¥hi F1 g
right tdee nueber isofealigt:s s3pegishned byt he:gsecond- operand address, and the
result is placed at the first-operand. location. Bits 0-31 of general

regi ster R1L remai n unchanged, and the third operand remai ns unchanged in
gener alg regi ster Far. SRLG OpCode" the 64-bit third operand is shifted
right gﬁgsﬁﬁgggﬁdggnéfgé‘specified by the second-operand. address, and the
resul t {i&scplkaeed at the first-operand | ocation. The third operand renmains
unchan%ed in general register R3: The second-operand address is not used to
addr ess Q&S0 €49ri ght nost six bits indicate the nunber of bit positions
to be shifted. The remai nder of the address is ignored. For SRL, the first
operand is in bit positions 32-63 of general register RI. Al 32 bits of

t he operand participate in the right shift. For SR LK, the first and third
operands are in bit positions32-63 of general registers Rl and R3,
respectively. Al 32 bits of the third operand participate in the right
shift ko, dRUGcph@:first and third operands are in bit positions0-63 of
general registers RL and R3, respectively. Al 64 bits of the third operand
parti ci*patcessi{(fettthepeiaght. ¥hkk't X(rond SRL fctSRuE store, GRIked Bl EI¥hiridt ed out
of bitﬁgﬁfition63 are not inspected and are lost. Zeros are supplied to the
vacated bit positions on the left.

» Oeration (XIY and XY, if the long-displacement facility is not installed; XGRK and
XRE, if the distinet operands facility s not wstalled)

Programming Motes:

-

2. EXCLUSIVE OR may be used to wnvert a bit, an operation particularly useful in testing
and setting progranured binary switches.

3. A field EXCLUSIVE-ORed with itself becomes allzeros 4. For EXCLUNIVE OR (XR or
KGR, the sequence A EXCLUSIVE-CR B, B EXCLUSIVE-OR A, AEXCLUSIVE-OR B
results i the exchange of the contents of A and B without the use of an additional general
register.S. Accesses to the first operand of EXCLUSIVE OR{XI} and EXCLUSIVE OR
(X consist in fetching a fvst-operand byvie from storage and subsequenily storing the
updated value. These feich and store accesses to 2 particyiar byte do not necessarily ocour
ong tmracdiately after the other, Thus, EXCLUSIVE OR canmot be safely used to updste a
tocation in storage if the posaibility exists that another CPU or a channel pro-gram may also

be updating the location.



Condi ti on Code: The code renmains unchanged. Program Exceptions: 2 Qperation
(SRLK, if the distinct-operands facility is not installed) SUBTRACT (RR
RRE, RRF,wBX¥p11R§Y7260RVAT) When the instruction i s execuletd/Bpyoiheroepnput er
system for S, SO SG-, SGFR, SGR, SB., and SY, the second operand is
subtracted fromthe first operand, and the difference is placed at the
first-operand | ocation: For SGRK. and SRK. the third. operand is subtracted
fromthe second operand, and the difference is placed at the first-operand

| ocat i g\;{f;lg@rﬁ r BRe rSRGARY Y skhe@perands and the difference are
treate as 32- %It si gned B\ rigjr’y |ﬁt%eg§rs ggr SG SGR, and SGRK, they are

t r eat edvas: 64 bintisiignedxbivariy nhnt:eigewsr syEonm, $& GROANGSOR; R e (d€cond

oper an s treate bi_t s ,‘bﬁi_ﬁn i nt.e nd .the first operand
and _thg'ﬁ’i VSO L 507 SCTR BT OF OO BT P o i s By e

64-bi t 51808 &'(F@RK dnRRBer Se ()W‘@ﬂh& li‘& 8 hSd B AQULFELHOW 1438 of @Sl 1 S

obt ai ned by allowmng any carry into the sig,n-bit position and ignoring any

carry cwtrapf htdaem@ﬁ-abmwp@s 8121 f@mppiamido clondiardngn bidodet. 3hi sometis pfat he
fixed- an 0 amlnt rruption for,fixed-point
over 1100 Betareh e iPEside Rt BoPr S AN LA RG Y B0 % podnet ghed

bi nary dpbtegetontEhes oS pHAGOIBNL: fQL: 8Y,iS6: raRds U (18 (00 eal@tca%a@ 20-bit
signed binary integer. Resulti ng Condi tion Code: O Result zero; no overflow

| Resulopetied s pham-zbEs:10 neboVEIntbawe orRels oiver g Eatierult hahtazades g

overfl %\?!umnds were processed one biyte at a time and cach result byte were stored immaediately
after fetching the necessary operand bytes. For OR (01, OIY OpCades), the first operand s
one byte in length, and only one byte i stored. For OR (G, OR, ORK, and OY OpCodes),
the operands arc 32bits, and for OR (06, OGR, and OGRE OpCodes), they are 64bis. The
displacements for {3, O, and both operands of OC are treated as 12-bit unsigned binary

mtegers. The displaceraent for OY, OFY, and OG 15 treated as a20-bit signed binary integer.

Resulting Condition Code:
{ Result zero
1 Result not zern

"'?
4

3

SHIFT LEFT SINGLE (RS, RRY FORMAT

When the mstruction 18 excented by the computer system, for SLA OpCode, the 31-bu
numneric part of the signed first operand is shifted left the number of bits specified by the
second-oporand address, and the rosult 18 placed at the first-eperand location. Bits 3-31 of
general registerR Y remain unchanged. For SLAK OpCaode, the 3 I-bit numeric part of the
signed third operand is shifted left the number of bits specified by the second-operand
address, and the result, with the sign by of the thud operand appended on its left, s placed at
the first~operand location. Bits 8-31 of general register R1 remain unchanged, and the third
operand remains unchanged in geoeral register B3, For SLAG OpCade, the 63-bit numeric
part of the signed third operand is shifted left the number of bits specified by the second-

operand address, and the result, with the sign bit of the third operand appended on s loft, 18



3 Overflow Program Exceptions: Access (fetch, operand 2 of S. SY, SG and
SG- only) Fixed-point overflow Operation (SY, if the |ong-displacenent
facility wewntichnst al | ed; SRK. SGRK, if the distinct-operardsiofoamutity is
not installed) Progranm ng Notes: |. édor SR and SGR, when Rl and R2
designate the sanme register, subtracting is equivalent to clearing the
register. 2, Subtracting a nmaxi mum negative nunber fromitself gives a zero
result and no overflow. SUBTRACT LOG CAL (RR, RRE, RRF RX, RXY FORMNAT),

SUBTRA m,l:‘m ?@I{'Wbi 1@‘;[ QUBT sT :n@\te*lﬂmgrﬂ%néﬂ%&{ %%&%q{an %}R)gercut ed

by the ‘conputer sys em
SLR, Sl Tandch o« SBTRAGTsk GCld@&Ak: dtM‘dEﬂ)tcA&TeE;,ta tiheighenondioperiadidat ¢he

subtracted fr om Ehei fir stb ) (ége[@ﬁg and. the %A\f f ence. is \gl : cegq at the
first--OUGRET ahid POCET IR PC EOF SUBTRACT O CALTSTORK BREFCSLRK) -t he third
oper andy s, Sulk1agted:fs e the aﬁ%cgﬂﬁti%(@r}%v ﬁ%? hend v&»ﬁt‘%‘r&ﬁ“@% @i pI aced
at the first-operand | ocation. For
SLY) anshnfrol reSUBTRACT e sign of the fivst operand remains unchdngcd Aﬁ ?l 11&1115.110 b}ts of

the operand participate fu the left shift. For SLAK, the first and third operands are treated

as32-bit signed binary miegers i bt positions 32-63 of general regasters R and B3,

respectively. The sign of the fivst operand s set equal to the sign of the thivd operand. AB 31

numeric bits of the third operand participate m the left shift. For SLAG, the first and third

operands are freated aso4-bil signed binary mtegers n bit positions 0-63 of general vogisters

I and B3, respectively. The sign of the first operand is set equal t the sign of the third

operand. All 63 nomeric bits of the third operand participate o the left shift. For SLA,

SEALG, or SLAK, zeros are supphed to the vacated bit positions ou the right. If one or more

bits urdike the sign bit gre shifted out of bit position 33, for SLA or SLAK, or bit position

1tor SLAG, an overtlow ocours, and condition code 3 s set. I the fixed-point-overflow

mask bif 18 one, a program interruption for fixed-point overflow occurs.

Reosulting Condition Code:

 Result zero; no overflow

1 Result less than zero, no overflow

2 Result greater than zero; no overflow
3 Overtiowe

Fized-pomt overflow

« Operation {SLAK, if the distinct-operands facility is not installed)

SHIFT LEFT SINGLE LOGICAL (RS, REY FORMAT)

When the mstruction is executed by the computer system, for SLE OpCode, the 32-bit first
operand 1 shufted left the nomber of bits specified by the second-operand address, and the
result is placed at the first-operand location. Biis 6-31 of general vegister R1 remain
unichanged. For SLLK, the 32-bit third operand is shitted loft the mumber of bits specificd by
the second-operand address, and the result is placed at the first-operand location. Bits §-31

of general register R remamn unchanged, and the third operand reroains unchanged m



WO 2011/ 160725PCT/ EP2010/ 067047 69 LOG CAL | MVEDI ATE( SLEI'), the operands
and the difference are treated as 32-bit unsigned binary integers. For
SUBTRACT wOGHGAMs02SLG, SLGR., and SLGRK), they are treatret/Erasiobdrol t
unsi gned binary integers. For SUBTRAGELOG CAL (SLGFR, SLOE) and fbr

.)1 3" FRACTLOGQ CAL | MVEDI ATE (SLGEl); the second operand is treated as a
:32-bit unsigned binary integer, and the first operand and the difference
are treated as 64-bit unsigned binary integers. The displacenent fbr SL is

treat e%; aBrel R Pighupg) ‘ﬁ : ILQ%E 0 1!, @13& %gﬁfm d IB& &igd SRLAC Wpf e, ﬂ?z%}b%g ; SLG,

and SL is tfeated as a bi nary 1 nteger. Resu ndi tion
Code: s spdcifReisinl e ﬂmmdemeganbeﬁzﬁmw mld%:sm:t«m iZeplogedno tihmhm@mp@aaﬁbsult not

zero; no borr V\(ﬁr ram tions: Access %éet\ch ,gpg_ and 2 of SL, SLY,
SLG, amde el GRICGHIT) PP GRS BT BEVEST 5 EORH Pril: B SBF ACSRERPEFARI 11ty i s
not i nsatdéll::hefi,m;tslr@d%gdcgl:%aw bk o4 h@mﬁ%‘tﬁ'@g@%dﬁﬁ‘i@@z‘o%iﬁ) fa‘ &G bda¥idag ot
installed; SLR K SLGRK, if thé di stinct-operands facility is not

i nst al |tedj§ b@ﬁg@rﬂmminﬁm@§h0 addims s ignored. For 3LL, the first oporand s i bt

positions 32-63 of general register B1. All 32 bits of the operand participate in the left shift.
For SLLK, the first and third operands are m bit positions 32-63 of general registors R1 and
B3, respectively. All 32 bits of the thivd operand participate in the lofi shift. For SLLG, the
first and third operands are in bit positions(-63 of goneral registers R1 and R3, resgpectively.
Al 64 bits of the third operand participate o the loft shuft, For SLL, SLLG, or SLLK

CpCodes, zeros are supplied o the vacated bit positions on the right.
Condition Code: The code remains unchanged.

Program Exceptions:

« Operation {SLLK, if the distinct-operands facility is not instatied)

SHIFT RIGHT SINGLE (RS, RSY FORMAT)

When the fostruction is exccuted by the computer system, for SRA OpCode,, the 31-bit
numeric part of the signed first operand s shifted right the number of bits specified by the
sccond-operand address, and the result 1s placed at the first-operand location, Bits §-32 of
general register R remaim ynchanged. For SRAK GpCode,, the 31-bit numeric part of the
signed third operand 1s shifted right the rumber of buts specifiod by the second-operand
address, and the result, with the aign bit of the third operand appended on its left, s placed at
the first-operand location, Bits 8-32 of peneral register R1 remain unchanged. For SHIFT
RIGHT SINGLE (SRAG OpCade,), the 03-binumeric part of the signed thivd operand
shifted right the mumber of bits specified by the second-operand address, and the result, with
the sigo bit of the third operand appended on s lett, 1€ placed at the first-operand locaton,
The third operand remains unchanged in general register R3. The second-operand address s
not used to address data; us rightroost six bis indicate the nurober of bit positions 1o be
shifted. The remainder of the address i3 igoored. For SRA, The first operand s treated as a

32-bitsigned binary integer i bit positions 32-63 of gencral register RE, The sign of the first



|, Logical subtraction is performed by adding the one's conplenent of the
second operand and a value of one to the first operand. The use of the
one's conpbenrentsoasd the val ue of one instead of the twecs/mErenploevent of
the second operand results in a carryswhen the second operand is zero. 2.
SUBTRACT LOGQ CAL differs from SUBTRACT only in the neaning: of the
condition code and in the absence of the interruption for overflow 3. A
zero difference is always acconpanied by a carry out of bit position O for

SLGR, C?#J%Rﬁ ‘?‘clﬂi?um?'ﬁllq 1%(351 QA fReR I &Wgﬂg%ph%ld‘?ﬁlzgm j}f 2k ma}ﬂdmﬂﬂ hd?nd

t her ef Oor r ow. he condi ti on-co or LOG CAL
can aI&@rﬁ@fﬁﬁﬁhqﬁmﬁamﬁmaﬁcmaﬂnéa&tmgumheqﬁh@@agm&f@nm&b&emﬁeno&ta carry,
WO 2011/ 1,6.072 P201 /96704 PCPULATI C]\l NSTRUCT]I ON.  The

f ol | owiigFFes &ri® QE ‘Boptirac LA PHEEOATT o1 BOPUEATIRCONT ( RRE

FORMAT)..\Mhen ttohﬁe LBSLI Bethan, gbe'?ar@:ix e@ uted, m@{ idihe sopute rupérytﬁaq 8 agount of
the nunber of one Bits in each of the eight bytes of genéral register R2 is

pl aced i ﬁmm ehléioF@e%Epﬁﬁdﬂngn Byand tofd g;emewalmrfegms‘c eHREL siFsd eyt e of
gRggﬁlr ? :‘W@S ?{ ﬁ“‘ﬁﬂj} é)ep’% gf %é%m?%wg%é 6 aug%{r% rc@péa@g e{va@gce xtgg 095?1‘8:':'
first oper md is set equal to the sign of the third operand. All 63 rumeric bits of the thied
operand participate in the vight shift. For SRA, SRAG, or SRAE, bits shifted out of bt
positionts3 are not inspected and are lost. Bits equal 1o the sign are supplicd to the vacated bit

positions on the left,

Resulting Condition Code:
{} Resuit zero

1 Besult less than zero

2 Result greater than zero

~

3 -

Program Exceptions:

« Operation {SRAK, if the dishinct-operands facility 18 not 1ostalled)

Programuming Notes:

1. A right shift of one bit position s equivalent to division by 2 with rounding downward.
When an oven number 1s shifted right one position, the result 1s cquivalent to dividing the
number by 2. When an odd number is shifted right one position, the result i3 equivalent to
dividing the next lower number by 2. For example, +35 shifted right by one bit position yiclds
+2, whereas -5 yvields-3.

2. For SHIFT RIGHT SINGLE (8RA and SRAK yshift amounts from 31 0 63 cause the
entire numeric part 1o be shified out of the register, leaving a result of -1 or zevo, depending
on whether or not the initial contents were negative, For SHIFT RIGHT SINGLE {(SRA{}, a

shift amount of 63 causes the same offect.

SHIFT RIGHT SINGLE LOGICAL (RS, RSY FORMAT)



| Result not zero 2 - 3 - Operation (if the popul ation-count facility is
not installed) Progranm ng Notes: |I. The condition code is set based on al
64 bits ologenemai2sregi ster R . 2. The total nunber of eoe/HPRE19/06TI4A
general register can be conputed as sdtown below. In this exanple, general
regi ster 15 contains the nunber of bits to be counted; the result
containing the total nunber of one bits in general register 15 is placed in
general register 8. (General register 9 is used as a work register and

contai ngyLLs. %’%u‘{:@! He@ %@g&@”ﬁ% eatn'nﬁﬂ)\x sktenk Tl 81 %);Jc‘ﬁ;da hi.gh.pr phabi ity

that the results of instruction are zero e progran1nay i nsert
a condugﬁﬂmahqﬁmﬁnﬂﬁmﬁtﬂxﬁnumkﬁoﬁbmaynbézdﬁ@éhi@ﬂambopknmdamquuﬁﬂdng:and

shifting operati sed on the con code set Q(VP CNT. 3. Using
ochni Gusd SRR oo ERar SRR B St a8 ROte T R Hiinber of | one
bits i nypayMarg rd %-&@'E@ R Hge Ofhe NONGADLH GHOUS! RYLER (Ot Ha% $8%engds gper and
may be determned. In an enbo iment, referring to Fiefs 6A and 6B, an

ari t hmepafibbgy talscimstaruntil oddees sid thexeoutisdjrcwheribi m%'é"hecmnést ruction

conpri ses..an erand, the arit t

ety udt s B T o ut Rl ees AL 4 TReb R affefEictrig o ()

speci f magm?véa il Sdncopesang AN rar BRESI OpE@SHBE 64-Bit SBEDPSh R0k shi@kafiel d

(132) speci ylng a second register the second regi ster specifying |ocation
&

of a sesdhthcoperand’ b smeerbey by drdoerndhincsrndwdines 1nd 60728PCT PRP2OI0/ 067047
1 the first-operand location. The third operand remains unchanged m general register K3, The

sceond-operand address s not used to address data; s vightwost sox bits indicate the number

of bit positions o be shifted. The remainder of the address is ignored. For SRL, the first

operand is i bt positions 32-063 of gencral register BRI AN 32 bits ot the operand participate

i the right shift. For SRLE, the first and third operands are in bif positions32-63 of general

registers B 1 and R3, respectively. All 32 bits of the third operand participate 1o the right

shift. For SRLG, the first and thivd operands are in bit positions-63 of general registers R1

and R3, respectively. All 64 bits of the third operand participate in the right shift. For SRL,

SRLG, or SRLK, bits shified out of bit positiont are not jospected and are lost. Zeros are

supplicd to the vacated bit positions on the left,
Condition Code: The code remains anchanged.

Program Exceptions:

= Operation {SRLK, if'the distinct-operands facility 13 not instabied)

SUBTRACT (RR, RRE, RRF, RX, RXY FORMAT)

When the mstruction s executed by the computer systern, for 8, SG, SGF, SGFR, SGR, 8R,
and 8Y, the second operand 15 subtracted from the first operand, and the difference is placed
at the first~-operand location. For SGRK and SRK, the third operand is sobiracted from the
second operand, and the difference is placed at the first-operand location. For 8, 53R, SRK,
and 8Y, the operands and the difference are treated as 32-bit signed binary mtegers. For 5G,
SGR, and SGRE, they are treated as 64-bitsigned binary integers. For SGFR and SGF, the

sceond operand is treated as a 32-bi signed binary uteger, and the first operand and the



register field (R3) specifying a third register, the execution of the
arithnetic/logical instruction conprises: obtaining 601 by a processor, a
second opsoaond/feoesh a | ocation in nmenory specified by tkreTspeanderodyi st er,
t he second operand consisting of a vadsue (the value nay be saved 607 in a
tenporary store in an enbodi nent); obtaining 602 a third operand fromthe
third register; perfOmng 603 an opcode defined arithnetic operation or a
| ogi cal operation based on the obtained second operand and t he obtai ned
third opgtand £0.0hegles: 8 Leaul bin. SLAILAG 84, g RLaduced £ eslllyin the

| ocation in nmenory; and savi fng 5 the value of the obtained second operand
i n the if obisiicd bgiBtemg anherer mit He sal-ve pestinotndchangethiyycaexecudi g t he
instruction, Lp,an(ngodlnent, g .condjtion code is saved 606, the condition
code | RTEH! PHYITNET SUITOT 95 g SGir e FdSUTE 6T ROL 26k 8 O an

enbodi '};@z;rramtih‘i%r@?&‘%g%r dRbdnssl 81d HORRLEG: OPRY AllioRBa21 & @Ak hfyreti c or
| ogi cal ADD, and the opc, ode defined |ogical operation is any one of an_
AV, anZBEXSuughyEioRy wergan T BRIspind:rtdne fexec it ond BOhpy irsesd ayedpbnsi ve to
the result .of the |ogical operation being negative, saying the condition
code iﬁ&wgggﬁﬁ§’Wﬁ§$'esult i s negative; responsive to the result of the

| ogi cal operation being positive, saving the condition code indicating the
result is positive, and responsive to the result of the |ogical operation
bei ng diseNerloowiosdviddg the condition code indicating the result is an
overflqy@wﬁgz%%.ggggqhggnt, operand size is specified by the opcode,
wherein 6ne or nore first opcodes specify 32 bit operands and one or nore
second iopeates:sipecicfy t64vbiflowoper ands. I n an enbodi ment, fhe
arithmetic/|ogical instruction 608 further conprises the opcode consisting
of two SePaF S I RBFS TiNeITE P, OP), a first displacenent field (Di-12)
and a sgsond,di spl acenent field (DL2), wherein the location in nenory is
determ ned by adding contents of the second register to a signed

di spl acenent val ue, the signed displacenent val ue conprising a sign
extendgp val ue of .the first displacenent field concatenated to the second
di spl acéRERL" FIEPE™S Wo 2011/ 160725PCT/ EP2010/ 067047 72 In an enbodi nent ,
the executQn il bhekneompri sesscraspanshyg to the opcode being a first
opcode and the second operand not being on"a 32 bit boundary, generating
653 a specidpwatderilexception; and responsive to the opcode being a second

opcode and the nd, operand not being on a 64.bit. Ly....generating a
specifigjFf%ﬁmééggﬁﬁgbﬁggfﬁihﬁ&gﬁwgﬁﬁﬂﬁﬁfFO?WQMBV%%%Qgggﬂ%§”éﬂ8?ocessor in

a mul tiHpnhecessaldsSYSESM n&ndskihgexecution further conprises: the
obtai ning the second operand conprising preventing other processors of the

mul ti-processor system from accessing the |ocation_ in nenory between said
pbtainﬁggnggﬂgmgmgggpnd operand and storing a result at the second |ocation
in nennry% an pon said storing the produced result, permtting other

pr ocessioFsr ®f ahiEGRYkitcn priosdISDdcsBystcam t:onaegBss, dubgadidedt tonvdlmtrenory.

clearing the register.

2. Subtracting & maximum negative nurober from stselt gives a zero result and no overflow.

SUBTRACT LOGICAL (RR, KRE, RRF, RX, KXY FORMAT), SUBTRACT LOGICAL
IMMEDIATE (RIL FORMAT)

When the imstruction is executed by the computer systen, for SUBTRACT LOGICAL (8L,
SLG, SLGE, SLGFR,SLGR, SLE, SLY and for SUBTRACT LOCIGAL IMMEDIATE, the
second operand is subtracted from the first operand, and the difference i3 placed af the first-
operand location. For SUBTRACT LOGICAL(SLGRE and SLRK), the third operand 18
subtracted from the second operand, and the difference is placed at the first-operand

location. For SUBTRACT LOGICAL (5L, SLRE, 83LRK, and SLY and for SUBTRACT



Wiile the preferred enbodi nents have been illustrated and descri bed herein,
it is to be understood that the enbodi nents are not limted to the precise
const r uctwonohersei2zs di scl osed, and the right is reservegctreradib/ocivanges and
nodi fications comng within the scope9of the invention as defined in the
appended cl ainms. WD 2011/ 160725PCT/ EP2010/ 067047 73 CLAIMS 1. A conputer

i npl emented nethod for executing an arithnetic/logical instruction having
an interlocked nmenory operand, the arithmetic/logical instruction

conpr i '(ﬁgi@/@ PDELHS! j\T}e(I“g’F ja‘i'h, 4?%}1&@9}; Hle rhf{”@rgw SPEEIL, yfﬁg G first

operand in a first Tegister, cond register field specifylng a second
regi st emszﬁnshtébismomdwrewcst*érﬁ BipeCIHEyIKHE f%llozéﬁt(} (i, sad SeCotids, dperzand i n

menory, i.rd register field [, ..the

T oout A s LR Binan bted FOrSrb YR AP R st L Seot Bt ai ni ng
by a p&@ﬁ@@%@&ﬁ(@iiﬁﬁﬁ”@i@Pﬁﬁﬁ@gﬁfi@@P@%hoﬁék&%ﬂdhBa@&WﬁH&mﬁ%@ﬁ'f%ﬁ@aby the
second regi ster, the second operand consi'sting of a value; obtaining a
third om@%amﬁbmnmnnﬁhe,@m.ﬁnfk@gwsmeddndﬂmchﬁ@enminﬁﬁngaéms@bbmde defi ned
arithnetic 0f§rat|o i.ned second

oper and BREL FRCGHTaRTSd KT Ri SpeRaRt Yot Broat s LAblG R AT ng s he

producegct@sthd dkMatdieonk QEAIORLONARADGY is 8RdeSaV NBbE RRnyabue-of the
obt ai ned second operand in the first regi ster.
e ger.

Resulting Condition Code:
{3 -

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

3 Result not zero; ne borow

Program Exceptions:

s Access {Teich, operand 2 of SL, SLY, 3LG, and SLGF only)

» {eration (SLY, if the long-displacement factlity is not installed: SLFY and SLGFL, if the
extended forocdiate facility s not mstalled; SERE and SLORK, if the distinet-operands

factlity is not installed)

Programming Notes:

1. Logical subtraction is porformed by adding the one’s compleracnt of the second operand
and a value of one o the Hrst operand. The use of the one’s complement and the value of
onc instcad of the two's complement of the sccond operand resulis i a carry when the
second operand 18 #ero.

2. SUBTRACT LOGICAL differs from SBUBTRACT only in the meaning of the condition
code and in the absence of the mterruption for overflow.

3. A zero difference is always accompanted by a carry out of bit position § for SLOR,
SLGFR,SLG, and SLGF or bit posttion 32 for SLE, 3L, and SLY, and, theretore, no borrow,
4. The conditton-code setting for SUBTRACT LOGICAL can also be interpreted as

mdicating the prosence or absence of g carry,



2. The nethod according to G anni, further conprising saving a condition
code, the condition code indicating the result is zero or the result is not
zero. 3.woheimebed according to Caim2, wherein the eprapeodatiored
arithmetic operation is an arithneticror |ogical ADD, and wherein the
opcode defined |ogical operation is any one of an AND, an EXCLUSI VE- OR, or
an OR, further conprising: responsive to the result of the | ogical
operation being negative, saving the condition code indicating the restilt

I's negatimes o CHESRARSHYE it Bhhe result of the |ogical operation being
positivéT“§§VTﬁ@”éﬁé”ﬁﬁﬁdrffdﬁ“fbdé'indicating the result is positive; and

r esponsitwetc tovizhes rresuhtploPotiendgiwalzsopgiat | on bei ng an overfl ow, saving

the conditio de. indicati he result is an overflow, 4. The method
accordﬁ%@g{%Qzﬁggﬁﬁ§?hiﬁg%gﬂ%3%ﬂ§%‘perand size is specified by the opc, ode,

wherein one or nore first opcodes specify 32 bit operands and one or nore
second opcodes specify 64 bit operands, WO 2011/ 160725PCT/ EP2010/ 067047 74
5The me¥hodthacoordivmg stoc@ial tn 4e cuerel systdne sarinhrebd eihiogiod ahe bits
instruction further conprises the opcode consisting of two separate opcode
1ol ds." 501 HLEC B ANACOHERTC | Sa hAd ‘a” SOCORT T SPTRBEHERE 1Y dld. wher ei n
t he | oGahéanechRiABITOEYCH 1S,168f esntned iy raddizng-workentisi-of: hhe: secopd
regi ster to a signed displacenment val ue, the signed displlacenent val ue
conpri $Fhg a sign extended value of the first displacement field
concatenated to the second displacenent field. 6. The method according to
Claim5, further conprising:

Resulting Condition Code:

{ Result zero

1 Result not zero
D

3

« Operation {if the population-count facility is not mstalled)

Programuving Notes:

1. The condition code s set based on all 64 bits of general register K12, The total mimber of
one bits in & general register can be computed as shown below, In this cxample, geueral
register 15 containg the number of bits to be counted; the result containing the total number
of one bits in general register 15 s placed 1n general register 8. {General register 9 18 used as
a work register and contains residual values on completion.}

2. Ifthere 18 g high probability that the results of the POPCNT instruction are zero, the
program way insert a conditional bravch mstruction may be mserted to skip the adding and
shifting operations based on the condition code set by POPUNT.

3. Using techniques simtlar to that shown in programming note 2, the nurober of one bits ina
word, halfword, or noncontipuous bytes of the second operand may be determined.

i an crobodiment, referring to FIGs 6A and 6B, an arthmetic/logical mstruction 608 1<
executed, wherein the instruction comprises an interfocked memory operand, the
artthunctic/logical instruction comprising an opcode field (OP), a first regster ficld (R1)
apecifving a first operand 1o a first register, a second register field (B2} specifying a second

register the second register specitying location of a second operand in meroory, and a third



responsive to the opcode being a first opcode and the second operand not
being on a 32 bit boundary, generating a specification exception; and

r esponsi weot20111se72epcode bei ng a second opcode and the setmrdoioperoand not
being on a 64 bit boundary, generating a specification exception. 7. The
met hod according to Claim®6, wherein the processor is a processor in a
mul ti processor system further conprising: t he obtaining the second
operand conpri sing preventing ot her processors of the nulti-processor

system.fL.om Fkgﬁ‘?ﬁg} g»%uti%hﬁp %?:Hg de N TRID Ve, DEE M‘F%R g ,?E%' ning of the

second dﬁera aresalt at the second ocatlon n nmenory; and
upon sandrustior tagpitidee mﬁ&)dmeéﬂl foeﬁlﬂmg%mr mdctahgpotihefoprdcessons of the

mul tiprocessor en1to access the locatjon in nenor np ter
R R SRS M e TR AR A AR TRt VA
'nter'Qﬁ%ﬁﬂeﬁ@&?&ﬂ?Q@ﬁ%ﬁ@QKHEQEKQBBEQHQ%UQ%;@‘bP@hu&P@?fyﬁ%HQ%eﬁﬁgpr'5'ng
an opcode field, a first register field specifying a first operand in a

first regh groghird aug&econdtfmgmzsﬁé?r axrf fmeiodc ép‘?etsdfdyzﬂngaa geoond of eghster, the
second reqi.s ocation o .a nenor

hi T FBOrLTereTar e e ey Rag S P SR O TRR kBT Y b am

pr oducCtrc&ONREHSE BY theliandichl e:ssk @t 8gesdiBgt: UMnteadahhe shyn@sPy 9eessing
circuit and storing instructions which when executed by the proceSS|ng

ci r cui o pardrngd whecherdivd wdbelial meglarnwanyindhe eblag meok chpgpd by, A

conput e cuting an arithmetic/logical instruction having an
|nterlo%%§%§%gﬂlng&mﬁégand the arithnmetic/logical instruction conprising

an opcode field, a MD 2011/160725PCT/EP2010/067047 75 first register field
specifying a flrst operand in a first ister, a second reglster field

speci f yi'Ag cabedieral regieearod qhéd‘s@éwﬁ Teegraition cafrertcyiitig ir 6iltion of a

second operand.J.n; NENRLY,, and a third register field specifying a third
register, conpfi5|ng

In an embodiment, the opeode defined artthmetic operation 652 18 an arithmetic or logicsl
A, and the opeode defined logical operation 13 any one of an AND, an EXCLUSIVE

OR, or an OR, and the execution conprises: responsive to the result of the logical operation
beng negative, saving the condition code indicating the result is negative; responsive to the
result of the logical operation being positive, saving the condition code indicating the result
is posttive; and responsive to the result of the logical operation being an overflow, saving the

condition code indicating the result is an overflow.

in an combodiment, operand size 13 specitied by the opeode, wherein one or more first

opcades specify 32 bit operands and one or roore second opcodes specify 64 bit operands.

In an embodiment, the arithmetic/logical instruction 608 further comprises the epeeds
consisting of two separate opcode fields (OGP, OP), a fivst displacoment ficld (BH2Yand a
second displacoment ficld (DL2), wherein the location in momory 18 determined by adding
contents of the second regisier to a signed displaceroent value, the signed displacerment value
comprising a sign extended vahie of the first displacement field concatenated to the second

displacement fickd



a nenory; and a processor in communication with the nenory, the
processor conprising an instruction fetching elenent fbr fetching

i nstruct iwoefwwmsenory and one or nore execution el empgtr&prbemw/oereTut i ng
fetched instructions, wherein the conputer systemis configured to perform
the nethod as clainmed in any of clainms i to 7.

In av embodiment, the execution further comprises: respousive to the opeode boing a first
opcode and the second operand not being on a 32 bit boundary, generating 653 a
apecification exception; and responsive to the opoode being a second opeode and the second

operand not being on a 64 bit boundary, generating a specification exception.

In an embodiment, the processor s a processor in a mubti-processor system, and the
execution further comprises: the obtaining the second operand coraprising preventing other
processors of the mnlti-processor systern oo accessing the location in memory between
said obtaiming of the second operand and storing a result at the second location 1 memory;
and upon said storing the produced result, permitting other processors of the mult-processor

systen 1o access the location in memory.

While the preferred embodiments have been iflustrated and described herein, # s 1o be
understood that the cmbodiments are not bimited to the precise construction herein disclosed,
and the right is reserved to all changes and moditications coming within the scope of the

mvention as defined in the appended claims.
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CLAIMS
1 A computer umpleroented roethod for exeenting an arithmetic/logical mstruction

having an interlocked memory operand, the arithmetic/logical instruction comprising an
apcade ficld, g first register field specifying a first operand o g first register, a seoond
register field specifying a second register, the second register specifving location of a second
operand in memory, and g third register field specifying a third rogister, the execution of the
artthructic/logical instruction comprising:

obtaining by a processor, a second operand from a location in memeory specified by
the second register, the second operand consisting of a valug;

obtaining a third operand from the third rogister;

pertorming an opeode defined arithroctic operation or g logical operation based on
the obtained second operand and the obtained third operand o produce a result

storing the produced result i the location in memory; and

saving the value of the obtamned second operand in the first register.

2. The method according to Clairn 1, further comprising saving a condition code, the
condition code ndicating the result 1s 7ero or the result is not 7ero.
3. The method according to Claim 2, wherein the opeode defined anthimetic operation i3
an arithmetic or logical ADD, and wherein the opeode defined logical operstion 1s any one
of an AND, an EXCLUSIVE-{R, or an (R, further comprising:

responsive to the result of the logical operation being negative, saving the condition
code indicating the result is negative;

responsive 1 the rosult of the iogical operation being pesitive, saving the condifion
code indicating the result 13 positive, and

responsive to the result of the logical operation being an overflow, saving the

condition code wdicating the result s an overflow,

4. The method according to Claim 3, wherein the operand size 18 specified by the
opcode, wherein ong or more first opeodes specify 32 bit operands and one or more second

apeades specify 64 bit operands.
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5. The method according to Claim 4, whercin the arithmetic/Jogical wstruction further
comprises the opeode consisting of two separate opeode ficlds, a first displacement field and
a second displacement field, wherem the location i yoomory is determined by adding
contents of the second register to a signed displacement value, the signed displacement value
comprising a sign oxtended value of the first displacement field concatenated t the second

displacement field.

6. The method according to Clair 5, further comprising:

responsive to the opeode being a first opooede and the second operand not being en a
32 bit boundary, generating a specitfication oxception; and

responsive o the opeode being a second opeode and the second eporand not being on

a 64 bit boundary, generating a speeification exeeption.

7. The method according to Claim 6, whercin the processor 18 8 processor in 4 roult-
processor system, further comprising:

the obtaining the second eperand comprising proventing other processors of the
multi-processor systern from accessing the location in woemory between saxd obiaimng of the
second operand and storing @ result at the second location in memory; and

upen said storing the produced result, pormithing other processors of the muol-

processor system o access the focation in memory.

8. A computer program product for executing an arithmetic/dogical instruction having
an nterlocked memory operand, the arthmetic/logical instruction comprising an opeode
ficld, a first register fleld specitying a first operand in a first register, a second register field
specifying a seoond register, the sccond register specifying location of a second oporand
memory, and 4 third register feld specifying a third register, the computer program product
comprising a tangible storage medium readable by a processing circuit and storing
fustroctions which when oxccnted by the processing cwenit performs the method as claimed

fnany of claims 1 to 7,

9. A computer system for executing an arithmetic/logical instruction having an

mterlocked roemory operand, the arthmetie/logics! instraction comprising an opeode ficld, a
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fiest vegister field specifying a fivst operand i a fivst register, a second vegister field
specifying a seoond register, the sccond register specifying location of a second oporand
memory, and a third register ficld specifving a thurd register, comprising:

a roemory; and

a processor i comrourication with the memory, the processor cornprising an
mstruction fetching clement for foiching mstructions from memory and one or more
execution cleracnts for exccuting fetched fnstructions, wherein the cornputer system is

oy

configured to perforr the method as claioed moany of clamos Lo 7.



