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Introduction 

The serial line Input/output system for the C.R.M.S. Interactive computer 

is constructed from a combination of hardware, microcode, and software. The 

system interfaces with up to 64 serial 1/0 devices and can accommodate up 

to eight different data rates simultaneously. New 1/0 devices with perhaps 

different data rates may be easily added or substutlted. 

The Hardware Interface 

From the point of view of the SIMPLE microprocessor the hardware Interface 

consists of ten different 1/0 devices: four 16 bit wide input devices, four 

16 bit wide output. devices, one 8 bit wide clock input device, and one 8 bit 

wide clock reset output device. Also, the logical "OR" of al I eight of the 

clocks is constantly avai I able to the SIMPLE microprocessor. This attention 

I lne ls raised v1henever any of the eight clocks are set and acts as an alert 

1 • 

of an 1/0 servicing need. Each of the four input devices consists of 16 tri

state gates which, when enabled, transfer data from the 16 1/0 I Ines Into the 

SIMPLE microprocessor's 1/0 register. Each of the four output devices consists 

of 16 buffer fl Ip-flops which, when clocked, buffer data from the SIMPLE micro

processor's 1/0 register and make this data aval lab le to the 16 1/0 I Ines. 

Commor. to the gates and buffer fl Ip-flops is 16 electrical Interface plug-In 

platforms which provide for level shifting of 1/0 signals. The 8 bit wide 

clock input device consists of eight voltage control led osci lators, eight 

plug-in clock platforms, and e~ght buffer fl Ip-flops which are shared with 

the clock reset device. A clock platform consists of a capacitor which sets 

the center frequency of the osci lator and an adjustable resistor which trims 

this center frequency. The buffer fl Ip-flops are set by a positive voltage 

swing of .the osci lators and, when selected are reset by the SIMPLE micro

processor from its 1/0 register. 



When an 1/0 device is connected to any of the 64 1/0 lines one of the 

oscl lators ls adjusted to match the data rate of the device. Whenever this 

clock comes up the SIMPLE microprocessor initiates a Multiplexer microcode 

routine to service the device and, as determined by software, picks up an 

input data bit and/or gates an output data bit to the device. 

2. 
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The Serial line Multiplexer 

The serial I ine multiplexer is the name of -a microcode functional unit of the 

SIMPLE microprocessor of the C.R.M.S. interactive computer. 

4. 

Associated with each group of 16 1/0 I Ines there is a storage buffer area in 

core which holds 16 words of partially assembled Input data, 16 words of 

partially dissembled output data, 2 16 bit status words, and a hardware device 

address v1ord. If. in the input status word bits 1, 5, and 12 are set while 

al I the rest are off this indicates that of the 16 lines associated with the 

portion of the hardware interface determined by the contents of the hardware 

device address word the only I Ines that are in the process of transfering a 

string of input data are I Ines 1, 5, and 12 while al I the others are In an 

inactive state. Asimilar situation prevai Is for the output status word. 

Whenever any of the serial line clocks sets Its buffer fl Ip-flop, the SIMPLE 

microprocessor transfers control to the Multiplexer. The multiplexer then 

determines v1hlch of the four groups of 16 1/0 I ines needs attention, resets 

the approplate clock(s), sets a pointer cal led BUFF to the proper storage 

buffer described above, sets a counter cal led COUNT to zero and then trans

fers control to its multlplexining Input and/or output subroutine._ A slightly 

simpl lfied flow chart of these two routines Is presented on the fol lowi"ng 

pages. 



NO 

:,LJ,,C:7 7LJ2 Z),4?14 P.NNTl:O 

7v t3y ouFF -1 C-,.;uNT o "✓t: 

Ft .. /U.c ?..-1 &u T ,o.r1/) M::d £ 

B,T" vr- :T/:, DA7U TO 

e..1/!..l,(.( t-,J-t:.. :!'>1.4,F 'T 

5T~7wS ~/\IE P~<..e. 

To 7Llc.. L-EF T ,u--.., 1) 

J1/tr-T I/iJ l>AT.l'f .:,N,J: ?L/~,7: 

7.J n., e. .1..-E. F T 

INC.,e.£;.Mc.r-,T C,..quN r 

Y.c.S 

57,.,,e;.=- HJc v.rr,A 

p., ,NJco ,v Sy 

7 .. ,,"E £/NC? o~P~c/?._ 

Ar--JO C-L~fi.t!- &/, c) 

o/::. • .STA ,US 

5. 

N" 

Si=T l3;T c OP. 

Sm---ru.S 



NO 

Vcs 

lJ/7 ,_r of! .z/o OA-7A 

M.) 

(.,/~ '-14-t?.. s~u=- r .J,A-Tl.(s 

~E. Pt.-!i-C..c 1...c.F 7 ANI) 

ou7PuT 

YES 

5£ 7" /3/1 J)' or- :r/,11 l>,ffA 

Yr-.5 

C. t.EAl'... 7uE. A-Dpr::..F;~ 5 

'?OtNF/E..D 10 13y &,ff 

'tE.S 

NO 

l.U:,42.. i;J,7 (J t:>P 

'Z/C, :PA,Tt) 

6. 



The destination of assembled input data and the source of assembled output 

data to be multiplexed by the input/output microcode routines is a ring 

buffer. This ring buffer ls the interface between the multiplexer and a 

software process which handles serial device interactions. 

Summary 

The initial system has been set up to Interface with 64 teletypes but it 

should be emphasized that the 1/0 system is not limited to teletypes. In 

fact, with appropiate changes in microcode, the system may communicate with 

any mix of serial and para I lel 1/0 devices; the only limitation being that 

the total number of I Ines used cannot exceed 64 and the total number of 

different data rates cannot exceed 8. By changing a plug-In electrical 

level shifting platform an electrically different 1/0 device may be added 
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or substutlted easily and economically while logically different 1/0 devices 

are accomodated by changes In microcode. From a hardware point of viev, the 

Serial line 1/0 system is extremely economical to construct and as an addit

ional bent flt, the hardware may be easily debugged, In the event of a failure 

on the circuit borad, by the systems programmer at the machine's programmer's 

pane I. 


