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MAIN MEMORY 

Writable C:)ntrol Stun_; (WCS) provides the user· with ~)17-

32-hi t words of h igh-spccd, bi polar, rn icroprogr dlntTiahlc 

control stc1rc rnemory, per-rnilti11g the user· lo upwadc Moclc;I 

f3/32 Mcr1a111ini performance cfran1;Hically by c;ffr;clivcly 

addinq fr,:;quently used sulxoutines to the Prou~ssor's ·firm­

ware. Microcoding, loadinq, lcstinq, and dclJugqing of 

specially tailored firmware subroutines arc; c;asily accom­

plishc;d using the WCS Support Pruqrarn. 

WCS scrvc;s as an extension of lhc Model E3/37 M(;gamini 

archit(;ctu·e. l:ach of the 217 instructions in the Model 8/3~' 

lnstructicm Set is irnplr:mc;nted by rneans of one or rnorc 

microinstructions in fixc;d control store. /\s CJ 1•ru~1ram is 

executed, the Processor rccoqni1cs successive operation 

codes in the instructio11 stream, and directs control to thl: 

corresponding microinstruction subroutines in fixed coritrol 

store for execution. Fixed control stem; consists of 1280 

32-bi t W(JI els of bipular read-only :m;rnory (ROM) with an 

access ti rn:; of 50 r1anoscconds. Since f ixcd control store is 

rc;ad-onlv, the usc;r cannot rnodify it. WCS serves as CJ rnudi­

fiablc; adjl net to fixed control store, (;11Jblin9 tfw user to 

cffectivc;ly- ex lend the Instruction Set on his Mridel 8/32 

Meqamin i wi lhout n1od i fyinq the hardware. 

Four iristructions support this powerful feature: r:ntcr, 

Read, Wri Le, and Branch. 
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The l_ntc~r i11struction Jllovvs the user tu cxccut(; 16 diffc;rr~nt 

functions in WCS lrorn tile nun-privilcr;wd state. l hus, the 

power of WCS is availabln tu dll <1pplications JH<lCJr<mis. Hr:;Jd, 

Write;, and Branch Clre all privil(~qcd &ic.:l availabl 1; < 1r1ly tu the 

operating system, qiving it r,01nplr;tt' cun lrul over loadin~J arid 

t111loadi11q WCS and over hr;mch 1rHJ 111 Lu the rniddl 1; of ruu 

tines stored there;. 

WCS FEATURES 

• Gives user ~)1/ ~:0-hit words uf hiqh speed rnn'.rol 1nc;111ory. 

• /\I lows user tu add applic:Cltior1-oric;r1tcd up 1:oclcs a11d 

dlqmi1hins tu r~xlcnd fv1CJdel l::3/3~ architectu1·c 

• I ncreascs sys tern thrm1~1hpu t by 2~/;{; to UOSu u1- more. 

• /\dds four instrnctions i_r1Wr, Rc;ad, Writr·, l~rzmch. 

• Pruvidcs d<na lntcori1y Rcild, Write~, <md 13r.1nch Jrc 

privi lq1c:d. 

• S;JV(;s nicrnory space rnhcrvvis(; rieed(;d fm sul1r"Outi11es Lo 

in1plermmt op codes or Jlqorithrns. 

• Makes proqrarnrning application simpler and c;Jsicr. 

WCS INSTRUCTIONS 

Four usc;r level instructions pcrldin Lu WCS: E11tn, BrCJnc:h, 

l~ead, and Write. Only l ntcr is non-privileged am:J can be 

usc;d in a user program. 

• Fnter Control Store (lCS) and F3ranch to Curnrul Stun~ 

(BDCS) transfer processor control to WCS. Tiw [CS 

instruction located anywhere within a uscr-icvul routirn; 

can call a WCS routine. The microcoded routine in WCS 



returns processor control to the fixc;cJ Contrnl Store on 

completion. The non-privileged E:CS instruction transfers 

control to one of the first 16 locations in WCS to initiate 

one of 16 different microcoded functions. Unused furic 

tion codes can initiate the Illegal Instruction Interrupt 

microsc;quencc in the fixecJ control store if desired. 

• Write Coritrol (WDCS) ancJ Rc:ad Control Store m DCS). 

The; WDCS instruction transfers a data buffer f rorn rnain 

memory Lo WCS. The; RDCS transfers a data buff(]r frorn 

WCS to rnain rric:!rnory. 

INSTRUCTION EXECUTION TIMES 

Instruction 
Execution Time, micro­

seconds 

Writf: Control Store (WDCS) 

Read Control Store ( R DCS) 

[nter Control Store ( ECS) 

Branch to Control S lure ( BDCS) 

WCS SUPPORT PROGRAM 
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A WCS Support Proqrarn is avai I able to run lmder OS/37 MT. 

It is designed for debugginq rniuocodccJ rnutincs to be stored 

in WCS. It also al lows a rnicrococfod obj(;ct prngrarn to be 

loaded into a WCS in1agc buffer in rnain rncrnury The bL1f fcr 

con ten ts can then be transforrcxi tu WCS. The c.lr:buq fea lLm's 

allow examination and modificatiur1 of data, ir1scrtiun of 

breakpoints in WCS microcode, zmcJ c;xccution of rrnc:rocodc 

routines. WCS is volatile; thus U1c; WCS Support Pruqrarn 

provides initiali1c1tion when power is resturc:d CJfter a powr;r 

foil. 

The WCS Support Prowam includes a rnicroassemblcr which 

allows users to program WCS in a high ll;vel language. 

FEATURES 

The WCS Support Prograrn is intcrc:ictive and comrnuniuw.:s 

with the opcratur through an in tcractive device. Tlw upcr-J 

tor can ci irect the program tu pcrforrn the fol lowi nq 

flmctions: 

• Clear the WCS image 

• Load the WCS irna~w from a named file or cfoviu: 

• Output the WCS imanc (in loader forrnat) to a r1a111ecl 

file~ binary device 

• Copy the WCS image betwcer1 lirnits in WCS 

• Du nip the WCS i maCJc to a named file or /\SC 11 Device 

• Disassemble the WCS microcode located between limits 

• Examine and modify words of WCS i rna~~c; 

• Examine and modify words in WCS 

• Examine and modify halfworcJ in niain n1cmory 

• Insert and delete breakpoints in WCS rniuocode 

• Start executinq n1icrocode or continue exccutin\J micro­

code after a breakpoint. 

• [nter Wait state except clurinq power fail/restore 

sequences. 

I The info,mation contai~ed h~'~;;; ;; 'nte~~;td 1U .. ;~~' """"'"'] 
I description and is subjoct to chanrie_with pro~uc~~1r1cern1~nt. 

Printed in U.S.A. 

USING WCS 

User prograrns callin~J routirws ston;d in WCS must go throuqh 

the first 16 locations. The locations in turn contain rHanchc;s 

to the microcoded subroutines. 

The cxilrnple shown in Fi~JLm; 2 calculates x 1 T/\Ny. The 

user must have previously rnicrocodc;d thr; subrnutir1c that 

calculatc:s TANy and loadr;d i l into WCS, locations 400 tu 4~0. 

Opera t iun 

Load X 

L_uad Y 

lr1wrWCS 

AcJd X lu TA Ny 

/\sse;rnb lcr 

Pruqr-an1 

L 6, X 
L J, y 
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wcs 

-------450 

8r;1r1ch lu tlOO 

~ 

.M icrocurJr:d 

Sulnol1 tine tu 

r:c1lcul<itc 

TANy illld 

put 1-csul t ill 
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Figure 2. User-Developed Microprogram 
Implemented in WCS 

/\ usr:r uroeiram cannot branch dimctly into WCS bul rnust 

Enwr via orw of th(; first 16 locations. The WCS location 4 

c:or1tains a branch to the TA Ny subrou I inc; the user prnqrarn 

cCJlls thr: T/\Ny subroutine by entt:rinq WCS at locaticm tl. 

After TANv is calculated, WCS retllms control tu the t1sc;r­

pruqrarT1, which r-csumcs normal proccssirnJ. 

RELATED DOCUMENTATION 

The WCS usc·r shoulcJ be farniliar with lhc- operation of the 

Model (3/32 processor hardw<1rc to understand the; micro· 

1>roqrarnrnir1q concc;pts usr!d wilh WCS. He should also be 

familiar- with the OS/32 MT uperatinq systcn1. Dncumcnta-

tion to be used in con1uncticm wilh WCS inclucfos the fullowinq 

• :Z9-!l28 M()cJc;! 8/32 User-' s Manual 
• :Z~J-438 M()cfol 8/32 Microinstruction F:r;f(~rence Manual 

• /S)-!l/9 8/32 VVritcible Control Store User's Guide 

• :zg-!l 78 Cornrnon Microcode; Asscrnblcr- l_anquc:igc Usc~r·s 

Manual 

SYSTEM CONFIGURATION 

M1nirnurn hardwar-{~ confiquralion that can support WCS 

ar1d thr; WCS Support proqrarn is as follows: 

• Muck I f3/32 Processor with 128 KB Memory 

• DisplC:1y f'\311c:I 

• CDrisolc Device 

• Bi 11 ar y I n p u t D (!Vi cc 

INTERDATA PRODUCT NUMBERS 

• M83-108 Writable Contrnl Store; (WCS) 

• S90-,106 Writable Control Store (WCS) Suppor l Program 
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