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PRJMAR'l BLOCK D1AQRAM 
DIVIDE UNIT 

The! Floating Divide Unit executes the two CPU I_tructions. 44 and 45. the noating 

divide and round floating divide reepectlvely. Theae instructions direct the computer 

to divide Xj by the divisor Xk and .end the quotient to Xi. This unit Involves a 17 ,tep 

ileraUve process to form the quotient from the l wo operands. Only one divide tnstruc;:· 

tion may be executed In the Ite ral lve portion or the Divide U,.,it at a given time. 

The divide In.tructlon. require 20 clock period, for execution. Data move. from the 

operating regiltere to the Divide Unit Input registers each clock pel"lod in which the 

Divide Buay n,. il cleared. Thl' data I, used for Instruction execution only If II. divide 

instruction 1.IUta from the CIW Register a nd sets Ihe Divide Busy n". Th'! data which 

arrivell at the Divide Unit during the clock perioo of instruction Illue is then used In 

the execution oC the following divide sequence. The Divide Busy flag prevents the CIW 

from Issuing snQther divide Instruction for the 17 clock perloos rollowing instruction 

issue. However in the 18th clock period sfter Inatruction Issue a second divide In· 

structlon mil)' iaaue. 

Bit 0 of the h dellgnator il held In an Input register along with the operand data (XjI 

and (Xkl. This bit il the Divide Round nag which distinguishes between the two in· 

struction modes. 

The Divide Unit operates on polltlve coefficient values only. Each coerriclent for IXj) 

a!'ld (Xk) is i!'ld.vlduaU), complemented In .talic networks It Its lign Is neptlve. The 

sign oC the reluit Is determined by the DiVide Unit .nd is sent to the X Reilster Input 

Control unit In the CPU. This sign bit la the logical diJference of the two operand 

siln bits. 

The Divide BUa), nag Initiates II cMln of diVide sequence control flags which lequence 

the lIeps In the Instruction execution. This lIequence contro l provides a IItatic condi­

tion to distinguillh each of the 19 clock periods following the Issue of the divide Instruc ­

tion. These static conditions then control the data movement within the divide unit and 

the data transmllsion to the X Regillter Input path at the end DC the divide lequence. 

The format of a floating point number II k2n . where k il a 48-bit Integ!!'r coeffic ient 

and n is a ten-bit integer exponent. 
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Dlvilion of Roating point numbers requires the subtraction of the exponents and the 

dlvillon of two 48-bit coeffici!!'nt s. Double precision division is not provided and a 

remainder cannot he retrieved. Since the divide hardwarfl produces a quotient in the 

r.nre. 1.1117 7177 7777 7777 throulh 0.00000000 0000 0000. the ratio or Xj to Xk 

must always be less than 2 t o I. If the divisor I I normalized. this requirement is 

always m!!'t. If this requilllite Is not met. the relul1lnl quotient wUl be mUningless. 

It both the dividend Xj and the divisor Xk are normalized. the quotient XI III also 

normalized. 

The quolient coefficient is formed three bits per clock perioo in 17 Iterative steps. 

Thfl resuit of the first iteration is stored In the control module . The r esults or the 16 

s ucceeding Iterations (a tota l or 48 bits) are stored in the quotient shift rellster. U 

the quotient Is of the form . O. X--------X (the ra1lo or Xj to Xk Is less than 1 to U. 

the result of the fir st iteration Is a zero and the 48 bill in the quotient shift register 

are taken as the coefficient o f the relult: 

GIVEN: Xi • Xj/Xk 

(Xj) ·20574400000000000015 

(Xk) • 2032 6000000000000000 

The divide coefficient lol'lc torms: 

4400000000000015 -=='=====-. 0 . 6000000000000021 6000000000000000 

In Roatin, point form at the coefficient must be an inteler. Therefore the binary point 

must be moved 48 places to the r ight. Since the exponent must be dec:realed b)' one 

for every place the binary point is right shifted. 608 Is lubtracted from the dHference 

of the exponents and the final result \" 

(Xii · 1744 6000000000000021 

(NOTE: F inal exponent" 2057 - 2032 - 60 • -33 (unbiase d) • 1144) 

ft the quotient Is ot the Corm. I. X-_·_-_··X (the r atio oC Xj to Xk Is I to I or greater. 

but less than 2 to I). the result or Ihe first iteration Is a one. and the upper 47 bits In 

the shift re,ister are taken as bils 0-46 oC the quotient coemclent. The X Register 

Access Control taktll bit 47 to be a one: 
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GIVEN: Xi ~ Xj/Xk 

(Xj) ~ 2016 7000000000000000 

(Xk) ~ 202f> 4000000000000000 

The Divide logic forms : 

7000000000000000 

4000000000000000 
• 1. 6000000000000000 

In order to make this quantity an integer. the binary point must be moved 47 places to 

the right. f>78 is therefore subtracted from the difference of the exponents and the 

final result is: 

(Xi) : 1711 7000000000000000 

(NOTE: Final exponent · 2016 - 202f> _ f>7 . -66 (unbiased): 1711) 

If the ratio of Xj to Xk is 2 to lor greater. the result of the first iteration is forced 

to a two by the Release Remainder control signal. The control network then sends a 

special case signal (indefinite) to the X Regis ter -,nput Control' network along wit h an 

operand consisting of all ones. The X Reg istez' Inpu t Control network then generates 

an indefinite result. 

COEFFICIENT FORMATION 

The quotient coefficient is formed three bits per clock period . The iteration network 

functions exactly like a pencil and paper octal divide. A multiplication network forms 

seven multiples of the divisor. Xk through 7Xk. The dividend is entered int o the 

Remainder Register. which holds 51 bits (initially bits 48. 49 . and 50 are all 0). The 

trial subtraction network simultaneously compares each of the seven divisor multiples 

with the contents of the Remainder register. The largest mult iple that is smaller 

than the remainder is subtracted from thl' remainde r . The resulting quant ity is left 

shifted three binary or one octal position and entered into the Remainder Register. 

Thl' number of the multiple chosen (Pick Number) becomes the first quotient digit. 

Pencil and pape,· method: 

6000 0000 0000 0000 
0000 0000 0000 0000 

4400 0000 0000 0015 0 
44000000 0000 0000 0 

The same division as performed 
by the functional unit : 

Ilividend (Xj): 4 40000000000 001f> 

Oivisor (Xk) ~ 6000 0000 0000 0000 
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15 0000 0000 0000 000 
14 0000 0000 0000 000 

- 0000 0000 0000 0000 
6000 0000 0000 0000 

2000 0000 0000 0000 

The multiplication network forms: 

Xk ~ 6000 0000 0000 0000 
2Xk ~ 1 40000000 0000 0000 
3Xk • 2 2000 0000 0000 0000 
4Xk ~ 3 00000000 0000 0000 
f>Xk • 3 SOOO 0000 0000 0000 
SXk : 4 40000000 0000 0000 
7Xk ~ f> 2000 0000 0000 0000 

The dividend enters the remainder registe r . 

RMDR • 0 4400 0000 0000 001 f> 

Initially. the quotient shift regist er has contents: XXXX XXXX XXXX XXXX 

The 17 iterative operations are performed as follows: 

0' Compare RMDR vs Xk through 7Xk, 

RMDR is smaller than any of them. 

Enter octal d igit "0" in shift register: 

Quotient · XXXX XXXX XXXX XXXO (The quotient i.s left shifted 

one oc tal digit eaeh clock period.) Enter chosen digit (in this 

example a 0) in control module this iter ation only. 

121 

(3-14) 

(If» 

(1S) 

(17) 

Enter RMDR-O and left shift three, 

RMDR : 4 4000 0000 0000 0150~becomes a 4 if instruction 45 i (only in this iteration) 

enter 0 since left shift three 

Compare RMDR vs Xk through 7Xk: 6Xk,:: RMDR< 7Xk 

Enter second octal digit: QUOT • XXXX XXXX XXXX XX06 

Enter RMDR-SXk and left shift three : RMDR = 0 0000 0000 0000 15(H 

In the next 12 iterations. an octal digit a is picked. and the quotient and re­

mainder are left shifted three binary places each clock pe r iod. 

RMDR · O 1500000000000000 

QUOT: XXOS 0000 0000 0000 

Compare RMDR vS Xk through 7Xk, RMDR<Xk 

Enter octal digit 0: QUOT ~ X060 0000 0000 0000 

Enter RMDR-O: RMDR .. I f>000 0000 0000 0000 

Compare RMDR vs Xk t hrough 7Xk: 2Xk::RMDR<3Xk 

Enter octal digit 2: QUOT : 0600 0000 0000 0002 

Enter RMDR-2XK: RMDR ~ 1 0000 0000 0000 0000 

Compare RMDR vs Xk through 7Xk, Xk:: RMDR< 2Xk 

Enter octal digit I: QUOT " 6000 0000 0000 0021 

Discard remainder and transmit quotient to Xi Register . 
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SECONDARY BLOCK DIAClRAM 
EXPONENT AND CONTROL NETWORKS 

The operand exponents, bils 4S- 59 of Xj and Xk, ar-e gated into the input register s on 

the KR module during CPOI and a .r-e held ther-e until the end of CPtS. The sign bits. 

bits 59. ar-e sensed and the exponents a r-e individually eomplemented, if negative. 

The subtraction of the e:<ponenls la perfo r-me<! by the DO and DP modules. Dur-ing 

CP04 the subtraction pr-ocess uses an overnow eor-reetion faetor that was determined 

by the fint eoerricient iteration In CP02. The exponent Is for-med and held while the 

sixteen succeeding coefficient ite rations occur. If the fir-at octal digit picked In the 

DO module is a one, the overnow bit wl1l be a one and 57 S will be the correction 

factor- . Otherwise the overnow bit will be a zer-o and 60S will be the cor- r-ec!ion 

facto r. The exponent generated is the r-eeult o f the divisor exponent a nd the correction 

factor- being subtracted from the dividend exponent. This is accomplished by comple­

menting the dividend exponent and adding it to tho divisor exponent and t he correction 

factor. The sum generated by the 00 a nd DP modules Is the complement of the de­

s ir-ed r-esult. The output is complemented on the OS module to give the desired result . 

The apecial case deter-mination Is shar-ed by the 00 and OP modules. The DQ module 

times the divide sequence and controlll the data now. The output regiaters for both 

the exponent and coefficient ar-e on the OS and OR modules. The quotient coeffiCient 

Is entered Inlo Ihe output r-egisters three bits at a time. Every clock per-iad the 

coefficient is left shifted three p\ace l$ and three new bita are entered. When the full 

coefficient is aSl$embled in CP19 . both the exponent and the coefficient ar-e gated to 

the Xi Register. 
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SECONDARY BLOCK DIAGRAM 
COEFFICIENT NETWORKS 

The divide coefric lent networks form the quollent of two 48-blt integers. The div idend 

is Xj ; the divisor Is Xk; the quotient i s Xi. If Xj and Xk are normalized, XI is normll­

h .. d . Th .. quoti .. nt coeUiclent Is formed thr .... bits (one octal diJitl per clock period in 

\h .. same mann .. r as a p .. ncll and pap .. r octal divide. The quotient may hav .. the form 

O.XXXX XXXX XXXX XXXX or 1. XXXX XXXX XXXX XXXX. If the dividend .. xceeds 

the divisor by a factor of two Or more, a divide fault condition exists a nd the q uotient 

formed by the coefficient network is Ignored. A special case exponent is fo rmed by 

the X Regis te r Input Control, In thi s case . A divide fault can occur only i f the divisor 

Is not normalized. 

For example, in dol nlt' a peneil and paper div ide Ihe nut digit of the quotie nt is a ~ero 

because the dividend is smaller than th .. divisor. 

O. 4310 0000 0000 0016 

72 54 0000 0000 0000 140153140 0000 0015. 0000 0000 0000 0000 
3526 0000 0000 0000 a 

267 3140 0000 001 5 00 
260 0400 0000 0000 00 

7 2540 0000 00 H. 000 
7 25400000 0000 000 

1 S 0000 0000 0000 000 
7 2540 0000 0000 000 

5 5240 0000 0000 0000 
5 4010 0000 0000 0000 

1230 0000 0000 0000 

The second digit i, chos .. n by comparing mult iples of the divisor with the first 17 digil$ 

of the remainder. Th" zero to the dlht of the dividend i8 now considered pari of th .. 

remainder. Since Ihe divisor Is no w s maller than thi s new quantity (40 153140 0000 

0015 0), the second digit is not a zero. Since four times the divisor is leal than o r 

equa l to the remainder and five times the divisor is greater than the remainder. a 

four is chosen as the next quotient digit . Four times the divisor is now s ubt racted 

from the r emaind .. r. This diffe renc .. must b .. I .. ss than the divisor . (I f th .. differenc .. 

WIS greate r than the divisor, five t im ... the divisor would be Ie .. than th .. remainder.) 

A zero is added to the right of the difr .. rence and the process of comparing this new 

remainde r with the multipl es of the divisor a nd subtracting is repeat ed. Th .. proc .... 

i, continued untit seventeen octal digits are formed for th .. quoti .. nt coeffici .. nt. 
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The following paragraphs describe how Ihe Divide Unit form s Ihe Same quotient 

coeffiCient. 

Th .. networkS used in forming Ihe quotient coefficient are: 

Input Registers -­

Multiplication Networks --

Trial Subtrac tion Network--

Partial Subtrac tion Network --

F inal Subtractio n network - -

iNPUT REGISTERS 

Receive diVide oper and coeffiCients 

Form multiples of divisor (IXk - 7Xk) 

Subt racts multiples of dlvl l or from diVidend 

(firsl iteration). or from r .. maind .. r (aU 

other ilerations ) to delermine which multi ­

ples are larger. 

Subtracts multiples of divl~or from diVidend 

(fi rst it .. ration), or fr om c urrent r emainder 

(all other itera t ions) to b"a:in formine the 

next remainder. 

Performa final s ubtraction of the largest 

multiple that is smaller thin the currenl 

remainder. The output Is a quotient digit 

(Pick Number) and the new remai nder. 

in the c lock period follow in il instruction Issue (CPO!) the two operands are gateu .nto 

the coeffic ie nt input registe r s: Xj on the I)J modulcs . Xk on the DJ module s. For the 

purposes of this explanation , the div idend Xj w 401 5 3140 0000 0015. The d ivisor 

Xk • 7254 0000 0000 0000. 

The divid .. nd (XjJ is complemented and entered inlO the 51-bi t Remainder regi8ler on 

th .. DA. DB, DC, DO, and DE modules, Bils 48-50 are Initially ze r os . The divisor 

(Xk) is sent to the Multiplicat ion network. 
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In C:1'():1 the HCt:l>nrJ itcrlltion takes pla<;c. Once again each of the stven multiples is 

.~ubtra<:tc<l f .. um the remainder by the Trial Subtraction network. The s eyen EAB 

hit~ lIre >le nsed b y the »' 10(1\ Subtra ction ne twork. In thll iteration the EAB bits for 

.... nk .. I • " arc ~e ro" a nd the BA il bits fo r ranks 5 - 7 are o nes . (Hank rete rs to the 

multiple Invulved. ThuN a Hank" E AR bit r efers to an EA8 bit generated by subtract­

iOR 4>0< from the rllma inuer). The 1)1> module generales ill 4 as the Pick Number 

hecauHc r ank " ill the hij:lhellt rank with • ~ero EAB bit. 

The Trlnl Subt r action network has Iwo litages; the first s hage is on the CA, DB, DC, 

UII, ;lnll IH·; module .. ; The flCCon tl .. t llRe Is on the UF and DO modul es. 

!,'JHST S'fA(:E TlUAL Su nTHACTION NETWORK 

The ~' ir !l t Stage T ria l 5ulli rac tion network receives the r emainder. Which is held on 

the 1<3mC modules, and the lIeven mulliphlll of the divisor (XlI thrauC" '1Xk ) from the 

multiplic atlon network >! on the ilK, UL. OM, and ON modules. The multipl es a re 

Nubtracted from the r emainder to generate group borro .... o ... t and group e nable •. 

The gru ... p borrows oul a nd the group e nable. are t r ans mitted to the Second Stage 

Trial Hubtraction network OW and 00 modules). Since bor r ows cannot be propagsted 

through bitH 0 - 2. the UC module does not generate any gro ... p 0 enable.. The group 

o bo rrowl! generated by the UC modules a re transmitted to both the Final Subtraction 

network pnd the SI.'Cond Stage T r ia l Subt r act ion netwo rk . 

St:: (;ONIJ STAGI:: 'fHlAl . S trnTltACTION NETWORK 

Onc rw module and one DC module handle each I"8nk of the Second Stage Trial SUb­

trac tion. Each mod ... le in the Second Stage network generates an EAB bit for its rank. 

HoweYer, ro" a particub.r r a nk. the EAS generated by the OF module is the duplicate 

of thc EAn generli lcd by Ihe associated UC module. The OF modules tra nsmit the ir 

~:I\tl bit " to the Fina l Subtraction network on the DA and 00 mod ... les. The DG 

module .. transm it their t:A Il bit s to the Final Subt raction network on the 08 and DE 

n.()t.lulel<. 
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Each module also generates a group borrow input for seven grO\lp8. The OF modules 

generate borrows for seven different groups than the DC modules. These group 

borrow inputs sre transmitted to the Final Subtraction network on the DA. DB, DO 

and DE module8 where they will be U8ed with Inclusive bit enablell from the Partial 

Subtraction network to form the Pick Number and the new remainder. 

PARTIAL SUBTRACTION NETWORK 

In the pencil and paper divide 4Xk was subtracted from the remainder. In the divide 

unit the remainder is complemented and added to 4Xk. The resulting sum is comple ­

mented to produce the desired difference. In effect, the divide unll forms - (- RMDR "'" 

4Xk) instead of fRMOR _ 4Xk). The inclusive bit enables for the intermediate sum 

are formed by the Partial Subtnction network on the OH modules. The complemented 

remainder 18 received from the DC and DA modules. The seven multiples of the dlvi80r 

from Xk to 7Xk are received trom the multiplication network on the OK, OL, DM, 

and ON modules. 

Each DH module adds one digit of the complemented remainder to the corresponding 

digit o f each of the seven multiples. Possible carries between diglt8 are ignored by 

the Partial Subtraction network, but possible carries between bits are procCilsed. 

The resulting sums are the inclullive bit enables for ranks I - 7. The inclusive bit 

enables for rank 0 are the true remainder blt ll. All the inclullive bit enablell are left 

shifted one digit on output from the DH modules. 

The inclullive bit enables for ranks I - 7 go directly to the Final Subtraction network 

on the OA, DB, DD, and DE modules. The rank 0 Inclusive bit enables (true 

remainder) are transmitted to the DI and DQ modules. The OI and DQ modules choose 

either the dividend or the true remainder all the rank 0 inclUSive bit enables. In 

CPOl the dividend is chosen; in CP02 - CP17 the remainder is chosen. Whichever 

quantity is chosen, the 51 inclusive bit enables are complemented all they are trans­

mitted to the Final Subtrllction network on the OA, DB. DC, DO and DE modulell. 
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FINAL SUBTRACTION NETWORK 

The Final Subtt'action networks addll the group borrow inputs from the Trial Subtrac_ 

tion network to the ranks I - 7 inclullive bit enable s from the Partial Subtraction 

network and the rank 0 inclusive bit enables. Thus: 

RMOR 

"Xk RMOR 
-4Xl< 

Inclullive Bit Enables Results o f Partial Subtraction network DIFF 

+ Group Borrowli Results of Trial Subtraction network 

DIFF Rellults of Final Subtraction network 

DIFF Complemented to become DIFF 

Divide Unit Pencil and Paper 

In the pencil and paper divide a zero ill added on the right of the DIFF before the 

next iteration takes place (before the next digit is picked). In the divide unit the 

DIFF III left shifted one digit a nd entered into the Remainder register and bits 0 _ 2 

become zeros. (The right-mollt digit becomell a zero). 

In the diVide unit the DIFF is left-lIhlfled before it is entered into the Remainder 

regillter. The leN. s hlfting III accomplished by left shifting the inclusive bit enables 

and the group borrow input ll before the final subtraction. The inclusive bit enables 

for bits 0 - 2 are forc ed to o nes. Thus, when the Difference is complemented these 

bits become zeros. 

The Final Subtrac t ion network tranllilitell the seven EAB bits to determine Which 

multiple was chosen this iteration a nd gates tbe Difference for that multiple only to 

the Remainder regil;ter. A translation network on the DD module translltes the EAB 

bits to extract the Pick Number for this iteration and sends it to the coefficient 'hilt 

regillter on the OS module. 

This procells continues untH CPtS, when the seventeenth iternion takes place. In 

CPI9 the iteration network goes through the motions of forming another quotient, 

but the output Is ignored. 
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DETAILED-MODULES OIAGRAM 
EXPONENT, OUTPUT, AND CONTROL 

EXPONENT MANIPULATION 

INPUT REGISTERS 

The data input registers for both operand exponents, bita 48-59, are on the KR module. 

These registers are of the clear enter type. They are cleared and new data Is entered 

every clock period in which the control signal is a one. The data that is in the registers 

when the Divide Busy nag sets is held statically Cor the seventeen clock periods during 

which the !lag remains sct. Bit 59 of Xj and bit 59 of Xk are sensed and the exponents 

(bita 48-58) are individually complemented if they are negaUve. The KR output goes 

to the DO mod\lle (bits 48-58) and the OP module (bit 59). 

EXPONENT FORMATION 

The e:o:ponent subtraction occurs while the eoeUieient III belnllormed. The quotient 

exponent Is held statically until the quotient coefficient Is completely assembled. 

The el<ponent subtraction network, comprised of the PreUmlnary and Final addition 

networks, is on the 00 a nd DP modules. Instead of subtracting the divisor exponent 

and the correction factor from the dividend exponent, the dividend exponent is comple­

mented and added to the divisor exponent and to the correction factor (CF). The 

correction ractor Is determined In CP04 by bit 0 (overflow bit) of the first quotient 

coefficient digit. The result ing sum (Exponent) is complemented on output by the OS 

module to obtain the quotient exponent. In effect the exponent network forms - (-Xj + 

Xk + CF) instead of (Xj - Xk - CF). 

The exponent addition Is performed In two halves. The network that performs the 

preliminary exponent addition is on the 00 module; the final exponent addition network 

Is on the OP module. The bias is removed Cram both exponents on input to the 00 

module. The exponent. snd the correction factor are then added. If the Overflow 

bit from the DQ module, bit 0 of the first Iteration, ill a :tero, the quotient i. o f the 

form O. XXXX XXXX XXXX XXXX and the correction factor Is 60S. II bit 0 of the 

lIrst iteration Is s one, the quotient Is of the form L XXXX XXXX XXXX XXXX, and 

the correction factor Is 57S. The result of the first halI sddltlon is a bit carry and 

a bit enable for each pollition. The.e bitll are transferred to the tinal exponent 

addition network on the DP module. 
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The Final addition network combines the carries and enables in a l3-bit mode. The 

two extra bits sre formed by sign-extending the exponents. The upper three bits of 

the l3-blt sum are sensed to detect Ilpeclal calle conditions. Exponent biall ill added, 

then the lower eleven bits of the sum are tra nsferred to the output network on the OS 

module, 

The sign of the quotient is formed by a network on the DP module and is Ilent to the 

X Regis ter Input Control. This sign bit is the logical difference of the two operand 

aicn bits. A network on the DO module checks for operand exponent overflow, under­

flow, and indefinite exponents. 'I1le rest of the special case checks are performed on 

the OP module. II any Ilpeci<r. l case exists the Ilpecial ease signal to the DQ module 

will be a one, in Wh ich Cllse a quotient of all ones will be sent to the X Register. 

The three signal s to the X Register Input Control specify which, Ir any, of the special 

case conditionll exililt. 

SPECIAL CASE 

A number of special cases are treated in the Floating Divide Unit. If any special case 

conditions exist the Special Case signal from DP to the DQ module becomes a one. 

The Go Divide Special Case signal from DQ to the X Register Input Control becomes s 

one and the specUic eondltlon ill indicated by the exponent Indefinite, Overllow, and 

Underflow signal from the DP module. In any llpecial case condition the tranllmission 

of data from the Divide Unit output registers to the destination X Regillter is blocked. 

The Gate Quotient signal from DQ to OS rema ins a zero, forcing the exponent output 

regilltcrs to tranllmit all ones. The Gate ().J.tp",t Il ignal (which Is the Gate Quotient 

signal delayed one clock period) forces the coemcient output reglsterll to transmit all 

ones. Thus a quotient of all ones ill delivered to the X Register and the input control 

(orms the particular apeclal case word (llee Appendix B, Pub No. 60258200 for a 

table of special case operands). 'I1le special condition flags cause the appropriate 

error condition n ag 10 be set in the PSO Register. 

II no special case conditlonll exist the Special Calle signal from DP to DQ remains a 

:tero. The Go Divide Special Case signal to the X Regillter lnput Control is a :ter o 

and the Gate Divide and the Gate Quotient signals are ones. The Gate Quotient lIignal 

gates the q",otient output. 
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SPECrAL CASE OPERANDS 

One category or special case conditions Involves overnow, underflow, or indefinite 

operand values, These Situations are sensed in the DO module. The combinations of 

special operand vatlles which calise specUlc reslilts are sensed on the DP module. 

U either operand is indefinite, or if both operands are Indefinite. the result is 

Indefinite. The operand coeffic:ienU are linored in this case . and the resulting word 

delivered to the Xi Register is positive Indefinite with a zero coefficient . The lndertnlte 

Condition flag is set In the PSD register for this case. 

U Xj has an overnow exponent and Xk is in floating point range or has an underflow 

exponent, the resutt is a complete overnow word delivered to the Xi Register. The 

coefficients of the operands are ignored in this case, and the result is a zero 

coefric:ient. The s litn of the result Is calculated in the same manner as for operands 

In range. The Overflow Condi tion flag (s set in the PSD register for this case. 

U Xj has an underflow exponent and XK Is In Uoaling point range or has an overflow 

exponent, the r esult is a complete underflow word delivered to the Xi Register. The 

eoefficients or the operands are IEnored In this case. and the result is a zero word. 

The sign of the rCiluit Is calculated In the same manner 8S for operands in range. 

The Underflow Condition nag is set In the PSD register for thlR case. 

U Xl<: has an ove rnow exponent and Xj is in noating point range the result \s a complete 

underflow word delivered to the XI Regtater. The eoenicients of the operands are 

ignored in thiil csse, and the result Is a uro word. The Sll:n of the result III 

calculated in the same manner as for operands in range. The UnderflOW Condition 

nag is set in the PSD register for this cue. 

U Xl<: has an underflow exponent and Xj Is In noating point range the result is a 

complete overnow word delivered to the XI regisler. The eoeUlclents of the operands 

are ignored in this caRe, and the result hu a zero coefllclent. The sign of the result 

is calculated in the aame manner aa for operands in range. The Overnow Condition 

naf is set in the PSD Register for this csse. 

The combination of operand exponent s of overflow divided by overflow and underfloW 

divided by underrlow result in a positive Inderinite word with a ~ero coefficient 

delivered to the Xi Register. The Indefinite Condition nag is set in the PSD Re,lster 

for this case. 
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SPECrAL CASE QUOTIENT 

A second category of special cases occur If there is an undernow. or an overClow, of 

the floating point exponent range during the exponent calculation In the Divide Unit. 

In these cases the special case result is indicated to the X Register Input Control unit, 

and the output from the Divide Unit is blOCked in the same msnner as for the spec ial 

CaRe operands. 

A complete overflow occurs for this Instruction whenever the exponent computation 

results in an exponent greater that +1777 octal (unbiased). U any combination of 

operand exponents causes an indennlte condition, the overnow situation is ignored. 

Otherwise this situation ill s ensed as a special ease and a complete overflow word 

with proper sign. overnow exponent, and zero coerriclent ill delivered to the XI Register. 

The coefficient calculation is ignored for this ease, and the Overnow Condition nag 

Is s et in the PSD Regis ter. 

A complete underflow occurs fnr this instruction whenever the exponent computation 

resulta in an exponent less than - I 77? octal (unbiased). If any combinat ion of operand 

exponents causes an IndeHnite condition. this underflow situation Is Ignored. Other­

wise this silulation Is sensed as a special esse, and a complete zero word with proper 

s ign ia delivered to the Xi Register. The endUeient calculation Is ignored in thll 

ease, and the Underflow Condition flag Is aet In the PSO Register . 

SPECrAL CASE -- DIVIDE FAULT 

A third special cue category occurs if the dividend coefficient Is larger than the 

divisor by a factor of two or more. This Is a divide fauit sltuallon which can occur 

II the divisor is not normalized. The Initial trial subtraction In the coefficient 

calculation resullS In an octal digit with a value of two. If an overflow 01" underflow 

eondition docs not exlat, an indefinite condition reaull ia Indicated for this ease, 

and it is treated In the "me maMer aa the o ther special cases . 

U an overflow or an \lndernow condition does exist, the divide fault situation Is ignored. 
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PARTLAL OVERFLOW OR UNDERFLOW 

A partilll overnow occur s for this Instruction whenever the exponent computation 

results in exactly +1777 octlll (unbia sed). The re are no error condition nals s et in 

the PSD Register for this cue, and t he result is delivered to the Xi Register in a 

normal manner. Subsequent use at th is reaul t as a n operand In a nostlng point unit 

may. however, result in overflow detection. 

A partial underflow occurs for th is instruction whenever the expone nt compulation 

results in exsctly 4 1777 octal (unbiased ). There are no error condition n ags s et in 

the PSD Register for this case, and the result is delivered to the XI Regis ter in a 

normal manner. Subsequent uae 01 Ihis result as a n operand in a noatlng point unit 

may, howe ver. res ult in unde rnow detection. 

OUTPUT 

) 

T he Exponent Output relister is on the DS module. The complemented 11- bit biased 

quotient exponent Is delivered from the DP fina l addition network. In CP!8 a Gate 

Quotient signal from the DQ module enables a c lock late so tha t the exponent will 

ente r the output register. The exponent is comple mented on outpul because the 

exponent net work forms the complement of the quot ient exponent. 

Since a p<leillve quotient is delivered to the X Register , bit 59 is entered as a zero. 

The absence of a Gate Quotient signal In CPI8 indicates thst one of the special cue 

conditions exillt s, in which cue, an exponent at 12 ones is delivered to the X regis ter. 
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The quotient coeffici ent is 881embled three bits per clock period tn the 48·blt shift 

regis ter. In each of C P03-CP1 9 an octal dla it is delivered Crom DO to OS. AIter 17 

iterations, the OS mOdule hs., bits 0-2 and 45-47 ; the two DR modules have bits 3-44. 

Every clock period the quotient is left shifted three places, three new quotient bils 

from DO enter from the iteration network, and the upper three bits a rc discarded. 

After 17 Itentions the s hllt r e gister contains 48 bits of data. Bits 0 and I o f the 

octal digit formed in the firat iteration are stored in the OQ module. U bit I is a 

one, a Divide Fault condi tion (The div idend exceeds the div isor by a factor of two or 

more) esis!s . If this condition or any other s pecial case condition exists, Ihe Gale 

Quotient signa l will r e main a zero and the delivery of the quotient wUl be blocked. 

As a result a coefttcient of a ll ones will be on the lines to the X Register in CP19. 

If bit 1 is a zer o and no other special case conditions exist , the Gate Quotient signal 

will becom e a one in CPl8 and the quotient coerficlent will be delivered to the X 

Regis t e r during CPi9. 

If bit 0 o f the first iteration digi t is a zero, the quotient is of the form O. XXX){ XXX}{ 

XXXX JOOO:. In thia case a correction factor of 48 is subtracted Irom the exponent, 

the overnow b it is a zero, and the 48 bits in the shUt reg is te r are delivered to the X 

Rellster. 

If bit 0 o! the firs t iteraHon d igit is a one, the quotient is o f the form 1. XXXX XXXX 

XXXX XXXX. In this case a correction fac tor of 47 is subtracted from Ihe exponent. 

The Overnow bll becomes a one, caus ing a one-bit right shilt of the coefficient output. 

The upper 47 bits in the shllt register are de livered to the X Regis ter as bits 0-46. 

In this case the bit 47 output is blocked. Therefore bit 47 i. entered as a one. AU 

outputs are timed 10 occur in CP18. 
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CONTROL 

The divide lequence control on the OQ module timel the entire divide iruJlruc tion. 

The clock perlodl on the left ot the Divide Sequence Control boll indicate the timel 

that a lignUicant Ilgnal arrives It the module. The times on the rij:ht are the clock 

periods of departure of l ignificant li,nall. 

The three Remainder bill I r e part of the coeffi cient iteration networ k. They are uled 

II rank 0 bit enables in the DO Ind DE modules. 

The Special Cue I lgnal Indicatel a lpeclal case exponent. The Gate Divide and Go 

Divide II,nals go to the X Re,llter Input Control to glte in the appropriate dlla. 

The Gate Quotient 11,lUIl caul" the quotient to be delivered in CPI9. 

The Begin Sequence lignal Initiates the divide timlnll: sequence. The Divide Fault 

Ilpl ls bit I of Ihe firat coefficient Iteration digit. ThIs bit II lent to the DP 

module where it forcel a Specia l Clle condition if It is a one. 

The Overnow bit Ia bit 0 of the nrat coe!ticient Iteration digit. This bit ,oes to the 

DO module wher e it determlnel the correction factor. 111150 goel to the DR and 

DS modules where It determinel which 48 bits of the coelticient Ire delivered 10 the 

X Register. 

The Divide Round na, (hOl II set in the Floating Divide Unit at the end of I clock 

period In which I Round Floatin, Divide Instruction Illues from the crw re,l.ter. 

Thll nag modifies the dividend in the third clock period of instruction execution. An 

octal digit with a value ot tour II entered In the lowell order bitl or the remainder 

re,llIer U thl. nag I. let. This occurl only for the one clock period. Zero bit. 

are entered In the.e bit polltions during aU other clock periods In the divide lequence, 

Thll modiHcaUon of the dividend hal the etrect of increasing the dividend value by 

one haIr of the lcast significant bit In the original ope r and. 
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The circulate Remainder slrnal goes to the. four 01 modules where it gates the current 

remainder to the Final Subtraction network. When thil signal il I zero, the contents 

ot the Dividend Input register are ,ated to the Final Subtraction network. 

The Rdeale Remainder .ignal goel to the DO and DE module., rr: allowl the iteration 

network to ,enerate a three through a leven. When thll .iglllli is a zero, no digit 

,rea tel' than a two can be ,enerated by the Iterallon network. Thil signal il a one 

on the DQ module from CP02 through CPt 7. 

The Time U condition originates in the divide lequence control and is uled in the 

SCM accesl control. This static condition exiltl during the 14th clock period of 

execution (The Divide instruction i.lue. du rin, CPOO. Thus CPU is the 14th clock 

period of Instruction exe<:ution) for I divide Inllructlon. It il uled in the SCM accell 

control to block init iation of a SCM I tort,e reference t hst would confl ict with the 

deliver y of data from the divide unit to the X Regl.ter data Input path. 

The Divide Time l~ condition ori,inllel In the divide .equence control and 11 used in 

Inltruction issue cont rol and in the X Regis ter Acce lll Control Unit. Thll ItaUc 

condition exists during the 16th clock period of execution tor a Divide instruction. 

It is used in the instruction Issue control to block Illue ot In instruction which would 

conflict with the delivery of dlta from the divide unit to the X Register data input 

path. It is used in the X Register ICCel1 control to initiate the process of register 

Iccess tor the destination X Register. 

The Clear Divide BUlY condition origillltel in the divide lequerw:e control and is used 

to clear the Divide Busy na,. Thil Itatic condition existl during the 18th clock 

period of execution for a divide inllructton. 
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DETAILED-MODULES DIACRAM 
DIVISOR MULTIPLICATION NETWORK 

The divisor IXkI coefficient input register l are on the four OJ module.. Ea.ch OJ 

module handles 12 bltl. Every clock period I 4a-bit quantity fl"Om the X register 

arrives at the OJ modultl . The Ilgn bit (bit 591 Is delivered along with the coerrlc:ient. 

The registers are of the clear enter type which Ire cleared and new data entered every 

clock period in which the Enter Xk control Ilanat Is II one. When the divide instruction 

Issues on ePOo the Enter Xk I •• one. The sllnal becomes II !.era In CPOI and 

rema!ra' zer o until CPI8. The data thlt arrlvtl It the input reg!!i!er in the clock 

period of instruction '"ue (CPOO)Is entered Into the regie!e ... at the end of CPOO 

and held statically until the end of CP t 8 when I new quantity II gated into the 

register. This data is uled In executing the divide instruction. 

The Divide Unit u&ea the codrlclent magnitude ol the operands in executing the divide 

Instructions. Therefor e th. coefficient mUlt be complemented if It Is negative. 11" 

the sign bit is a one the operand la neratlv". 

The Xk coefficient magnitude la delivered s tat ically to the multiplication network 

while the divide procell proceeda:. The OK, OL, OM. and ON modules form the 

seven multiples of the dlvllor coefficient from Xk to 7Xl!.. 

lXk ADDER 

A network on the OK and ON modules createe a 50-bit quantity lXk. snd from this 

quantity forms 6Xk. Blta 0-47 of 3X1t a r e created on the fou r OK modules. 12 bita: 

to a module. The 12 bite on a OK module are called a section and a r e refe r red to 

ae blU N to N. 11. Bits 48 and 49 are created on the ON module. 

Each OK module recelvea 13 bit s of Xk Crom the dlvleor input reglstere on the OJ 

modulee. These bits are used by a OK module as both Xk and 2X1t. 2Xk i.s formed 

by left shifting Xk one bit position. The 13 Xk bits received are bill N- ! to N + I I . 

Of these bits N- I to N+ 10 are used as 2Xk bit' Nto N + I I . Note : N + 11 in one 

section is N- l In the next higher Bectlon. For exam ple: 
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Xk: i6· 11 2 0 ~ N

t
-' 

~ ,.........~,......... 

Input: 1~!£-9~~ 
2Xk: 14 4 I 9 

Used on n~ hisher modul e .. N- 1 

The fOl.Lr OK module. Corm 9Xk by adding biU 0 - 47 of 2Xk to bitl 0 - 47 of Xk . A 

Preliminary Adde.r on each OK module generates Section Carrlll and Section Enables. 

The ON module r eceives t he fou r Section Carry blta and three Section Enablel from 

the OK mOdulea and performs carry propagation checka: on each aection. The carry 

out of Section 4 (to bit 48) ie added to Xk bit 41 , which lert-ahUted one place il 

conaldered to be 2Xk bit 48. The sum of this bit a nd the Section 4 Carry bit producee 

bits 48 Ind 49 of lXk. 

The other three Section Carries a r e fed back into the Final Add network on t he OK 

modulel to produce lJOt bits 0 - 47. 

6Xk NETWORK 

6X1c II formed from 3Xk by left shifting one bit pol itlon. The multlplel .. re sent to 

Partl.l SUbt r.ction a nd Trial Subt.raction networ kl. Each module in the two Bubtrlction 

networks handles. three bit group. Therefore each module needl three bite of lXk 

.nd three bill of 6Xk. The multiplication networ k sends four 3Xk bltB to each module. 

Thlle bite .re labeled bill N- I to N + 2. Bitl N- I to N -t t of 3Xl1: Ire uled by the 

DA and OH modules 1.8 bite N to N + 2 of 6Xk. Thll Is equiv&lentto left shirting 

one bit or mUltiplying by two. 
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5Xk ADDER 

The network that forms 5)(k Is on the OL a nd ON modules. 4Xk Is formed by left­

shifting Xk Iwo places; 5Xk is formed by addina: Xk to this quantity. 5Xk Is a 51-bit 

quantity. The OL modules generates bilS 0·41; the ON module generates bits 48·50. 

Each OL module receives 14 bits of Xk and outputs 12 bits of 5Xk. The 14Xk bits 

are left Shifted two places to form bits N to N + 11 of 4Xk. 

IN+l1 N· 2 
Xk: 6 • 2 6 J. 

Xk input: 'liO 'OOT' 'OiO' liO' 01 V...........--____ ~ 

'lXk: r 0 5 3 1 

Uaed on nell t higher module a8 N-I and N-2. 

Bits N- 2 to N + 9 of Xk are used aa bits N to N + II o f 4Xk. These bils are added to 

bits N to N + 11 of Xk to form 5Xk. Thus 5Xk Is formed by adding 4Xk to Xk. The 

section carr y and enable bitl are uled in exactly the lame manner as in forming 

3Xk. The ON module is a lso used ht the lame manner as In forming lXk. 

7Xk SUBTRACTER 

The subtractive network that forms 1Xk 1101'1 the OM and ON modules. First, 8Xk is 

formed by left shifting Xk three places. Then 1Xk is formed by subtracting Xk from 

this quantity. The OM modules generates bits 0-47; the ON module generates bits 

'l8~50. Each OM module receives 15 bUs of Xk and outputs 12 bits of 7Xk. The 

15Xk bits are left shifted three places to form bits N to N + 11 of 'lXk. 

60297600 A 
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Xk input: 

8Xk; 

IN+ 11 N-3 
2 3 4 5 L ,...,..........,...........,,..........., ,..........., 
~ .P.!.L e ..!2.!.- ..92.1 1 3 4 5 • 

Used on next higher module as N·. through N. 3. 

Bits N·3 to N + 8 of Xk are left shilted to become bits N to N + 11 or 8Xk. Bita N to 

N + 11 of Xk are then subtracted from these bits. Thus 7Xk hi formed by subtracting 

Xk from 8Xk. The seclion borrows and enables are used In the ON module in the 

same manner as the section carr ie s and enables were uled In formlna: lXk and 5Xk. 

Xk, 2Xk, and 4Xk NETWORKS 

The networks that form Xk, 2Xk, and 4Xk are on the OK, OL. and OM, modules, 

These multiples are formed by left shifting the 48 Xk bits, ZXk Is formed by left 

shifting Xk one bit poSition and has 49 bits. 4Xk is formed by l eft shiltlng Xk two bit 

position. and haa 50 bits. These th r ee multiples are lupplled to the Trial Subtrac.tion 

network and the Partial Subtraction network. 

5~31'l. 2 
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DETAILED-MODULES DIAGRAM 
ITERATION NETWORK 

TRIAL SUBTRACTION NETWOHK 

The Trial Subtraction network determines which of the multiples of the divisor are 

larger than the current remainder. The Trial Subtrac tion network also generates a 

borrow into every three-bit group. The Trial SUbtra ction occurs ill two stages. 

FIRST STAGE TRIAL SUBTRACTION NETWORK 

The f.'irst Stage Trial s ubtraction network generates a bor row and an enable for each 

three-bit group. The tl.rst stage network is on the OA, DB, DC, DO, and DE modules. 

Each module in this network handles three bits __ one octsl digit. Eaeh of the seven 

multiples of the divisor Is subtracted from the remainder. The rank of a subt raction 

refers to the multiple being SUbtracted. Thus, the rank 5 subtraction network 

subtracts SXk from the remainder. The DC module handles IIrouP 0 (bits 0-2.) of all 

seven ranks. The fineen DA modules handle groups 1-15 (b its 3-47) of ranks 3, 6, 

and 7. The 00 module handles group 16 (bi t s 48-50) of ranks 3, 6, and 7. The 

tilteen DB modules handle groups I_I!:. (bits 3- 47) of rankl I , 2., 4, and S. The DE 

module handles aroup 18 (bits 48-50) o[ r anks I, 2., 4, and 5. 

The data for the First Stage Subtraction comes from two sOUrces. The remainder Is 

held within each module from the Final Subtraction on the previOUS iteration. 

Each module In the First Stage Trial SUbtraction network handles a three-bit group-­

one octal digit. The remainder digit is compared with each of the multiples on a 

module. II a remainder dla lt ill the same as I multiple digit, the enable for that 

group and that multiple digit il larger than that r e mainde r digit. The DC module 

does not generate any enablel lince no borrow can be proplg;tted through bit l 0-2.. 

Release Remainder s ignal [rom the DQ module into the DO and DE modulee tor-ces the 

rank 3- 7 group 16 bor row out bits to ones. The Release RiLnk I, 2 Borrows signal 

int o the DE module tram the LE module torces the rank 1 and 2 borrow out bits to 

ones. These signals sre used in CPOl and CP02.. 

In CPO! both aignals are zeros; the riLnk 1-7 group 16 bor row out hits are all onea 

the rank 1-7 EAB bits are all ones; the Final Subtraction network selects rank 0 tor 
the tinal subtraction; the dividend is selected by the DI modules as the rank 0 bit 

enables; and the div idend Is gated into the Remainder Register. 

In CP02, the 00 a nd DE modules receive the Release Remainder signal from the DQ 
module. This signal wss set to a zero by the DQ module in CPO!. The DO and DE 

modules complement this signal to a one and use it to force the ra nk 3-7 group 16 

borrow out bltl to ones. This causes the rank 3-7 EAB bits to be ones and the Final 

Subtraction network selects one of the ranks 0, I, or 2 for the Fin;tl Subtraction. 

Thus, II the dividend exceeds the divisor by a factor of two Or more the 00 module 

generates a two as the first quotient digit. 

SECOND STAGE TRIAL SUBTRACTION NETWORK 

The outputs of the First Stage Trial SUbt raction network go to the second Stage T r ial 

SubtracUon network on the DG and OF modules. The Second Stage TrIal Subtraction 

network determines which multiples of divllOr are larger than the remainder and 

generates borrows Into all groups for every rank. Each of the seven OF modules 

handles a dUferent one of the s even ranks. The same Is true of the seven OG modules. 

One DF module and one OG module together handle one rank. 

The OF and DG modules receive Identical Inputs. Each module In the second stage 

The control signals Into Ihe DO and DE modules can forc e the rank 1-7 group 16 network receiv86 17 borrows, one from each of the 17 groups, and 16 enables, one 

borrow out bits to be onel . II these borrow bits are ones , the EAB bits fo r the [rom ea ch at 16 groups. All the inputs to one module pertain to the ssme rank. 

corresponding ranks are ones, and rank 0 is selected far the final subtraction. The 
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The second s tale network determines which multiples are larger than the remainder. 

If remainder Is smaller than the multiple, that rank subtraction will generate an end 

around borrow (EAS). Each OF and each DC module generatea an EAS bit for Its 

rank. U Ihe EAB bit for II particular rank 1.11 • one. the remainder is smaller than 

the multiple. IC this EAS bit Is II zero, the remainder Is greater Ihan or equal to the 

multiple. Thel!le bits are sensed In the Final Subtraction network to determine which 

multiple to use for the Final Subtraction. The OF. bit goes to every DA and 00 module. 

The DG bit goea to every DB and DE module. The EAR bit generated by the DE 

module Is II duplicate of the EAS bit generated by the DG module. This duplication 

is simply an additional means DC Canning out the £AS bit to aU the destination modulea. 

The Second Stage network generates a borrow Into groups 3M 16 for each rank. Each 

OF module generates borrows into groups 3, 5, 7, 9, II, 13, a nd 15 for its rank. 

Each DG mOd\lle generates borrows into groupe 4, 6, 8, 10, 12, 14, and 16 for Its 

rank. The OF and DC modules generate the ,ro\lp borrow Inputs lor each ,roup In the 

normal fashion. However, In transmitting the group borrow inputs to the delltinatlon 

CA, DB, DO, and DE modules the group borrow inputs are left shifted one group 

to align them properly with the inclUSive bit enables from the DB modules. Thus, 

instead oC generating a group borrow into group 8, the following conditions will generate 

a borrow into group 9; group 7 generated a borrow out; group 6 generated a borr ow 

out and group 7 generated an enable; any of groups 0-5 generated a borrow and all 

the higher groups (up to and ino: lud ing group 7) generated an enable. 

PARTIAL SUBTRACTION NETWORK 

The Partial Subtraction network provides the inclusive bit enables used in the Final 

Subtraction. The Partisl Subtraction network Ie on the 16 Dii modules. Bits 0-47 

are divided into 16 th r ee-bit g r oups (ie. into 16 octal digitll ) with one digit per 

mod\lle. 

80297600 A 
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The Partial Subtraction network receiVe! the complemented Remainder from the 

Rem ainder Register and seven multiples 01 the remainder from the Multiplication 

network. The subtraction network combines the Remainder bits and the mul~ple bits 

to generate inclusive bit eruobles. Each OH module adds the Remainder digit to each 

of the seven multiples. 

The output! of the Partial Subtraction network go to the Final Subtraction network. 

All the outputa from the Partial SUbtraction network are l eft- shifted one octal digit 

(i. e. three binary bils). The Remainder (rank 0 inclusive bit enables) Is recomple­

memed to generate the true remainder bits. Remainder bits 45-57 are sent to the 

OQ mod\lle a nd bits 0-44 to four 01 modules. Secause of the 3-bit left- shilt these 

bits are labeled bits 48M!i0 at the OQ mod\lle and bill! 3-47 at the 01 modules. The 

results of the computation -- seven octal digits on each module -- are aent to the 

Final Subtraction network on the OA and OS modulell. The lIeven octal digits from 

DH-EI6 arc sent to the DO and DE modules. Seca\lse of the left-Shift these are 

bits 3·50 enables. 

The Remainder digits (rank 0 inc lullive bit enables ) go through an intermediate 

network on the 01 and DQ modules before they are tran.llmltled to the !inal subtraction 

network. The OQ mod\lle gates bits 48- 50 to the Final Subtraction network in the DO 

and DE modules in elock periods CP02 through CPt7 only. The Circulate Remainder 

signal In the 01 modulea chooaes either the remainder bits 3-47 or the quantity in the 

Dividend Register. 

In CPOl the dividend Crom the divide sequence is in the dividend register. In CPO!, 

therefore, the complemented dividend Is gated to the FInal Subtraction network. 

Ourlng CP02 thru CPl7 the complemented remainder ill pted to the Ftna.l Subtraction 

network. In CP<l2-CPI7 bita 0·2 are always zeros with one exception. Sit 2 will 

be a one in CP02 if the inatruction is a round noating divide. AU output bits (bits 0·4 7 

from the OJ modulea and bUs 48-50 from the DQ module ) are complemented to become 

rank 0 inc lusive bit enablell before transmission to the Final Subtraction network. 

5-376.1 
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O\Iring a round floating divide instruction, a round bit Is added to the dividend whieh 

has the effeet of increasing the dividend by one haU count. The erfect this has on the 

quotient will vary dependinl on Ihe value of the divisor and on the truncation point in 

the quotient. U the dividend is s maller than the divisor the quotient will be truncated 

one bit position lower than if the dividend Is equal to, or larger than, the divisor. 

These effects cause the roundlnl to vary in the quotient from a value of 1/4 of the 

least significant bit in the result to a lmost one. The average rounding bias over 

the entire range of eoeUielent values is zer o. 

When a divide instruction is exeeuted. the hO (round) bit is held in the DQ (control) 

module. U the instruction Is a round floating divide instruction this bit will be a one. 

I! the instruction is a floating d ivide instruction this bit will be a zero. The DQ 
module hOlds this round bi t until CP02, when It is transmitted to the Dt-FIO module. 

This bit then becomes btl 2 of the rank 0 ineluslve bit enables. Since bit 2 of the 

rank 0 bit enables is normally a 'Zero, the round bit has sn effect only on round 

instructions (when the round bit is a one). The DC module enters the rank 0 bit 0- 2 

enables into the Remainder register every clock period. 

FINAL SUBTRACTION NETWORK 

The Final Subtraction network picks one rank, completes that rank subtraction, and 

gates the result inlo the remainder register. An octal digit (Pick Number) correspond­

ing to the chosen rank 10 gated Into the quotient shift register. The Remainder is 

then available to the First Stage Trial Subtraction network and the Partial Subtraction 

network. 

The Final Subtraction network Is on the OA, DB, ~O, and DE modules. The DA and 

DB modules have identical final subtraction networks, as do the DO and DE modules. 

The OA modules output Remainder bits to the Partial Subtraction network. The DO 

module generates the Piek Number. Eaeh module In this network handles a three-bit 

group. ' The 15 DA and the HI DB modules handle groups I-IS, bits 3- 47. The DO and 

DE modules handle group 16, bits 48-50. Group 0, bits 0-2 is handled in the DC 

module lind will be discussed later. 

60297600 A 

The inputs to the Final Subtraction network come (rom the Second Stage Trial 

Subtraction network a nd Ihe-Partial-8ubtraetion-network..-Eacn-module-in-the-F-inall----­

Subtraction network receives seven EAB bits, one for cach rank. Each OA or DO 

module receives one EAB from each of the seven OF modules. Each DB or DE 

module receives one EAB from each of the seven rx:: modules. Each module in the 

Final network receives a group borrow input for eaeh of ranks 1-7 (rom the Second 

Stage Trial Subtraction nehlork. DA-C02 and OB-D02 receive group 0 borrows 

(shifted leC! one group) Crom the DC module. All other modules in this network 

receive inputs (rom a DF or II OG module, depending of the group handled. Eaeh 

module in the network receives three enable bits for esch of the eight ranks. The 

ranks 1-7 enables come from the DH modules, the rank 0 enables come Crom the DI 

modules. The group 16 (bits 48-50) rank. 0 enables come Crom the DQ module. 

The data Is combined to generate three remainder bits for each module. The EAB 

bits sre sensed, and the largest rank that did oot produee EAn Is used Cor the final 

subtraction. The borrow bit tor that rank io added to the octal dlait and the aum is 

complemented. The result is entered inlo the Remainder Register. 

A network on 00 module senses the EAB bits and aenerates a Pick Number. The 

digit generated Is the same as the rank chosen for the final subtraction. This digit 

hil entered into a register and sent from there to the coetnclent Shift Register on the 

DS module. 

The DC module holds group 0, bits 0-2 of Ihe remainder. In CPO! blta 0-2 of the 

dividend a re entered into the Remainder register. In CP02-CPI7, 'Zero bits are 

entered into bits 0-2. During a round floating divide. ins truction, a one Is entered in 

bit 2 in CP02. This bit Increases the value of the dividend by one-haH a count. 

Bits 0-47 of Ihe remainder arc sent to the Partial Subtraction network. These bits 

are transmitted Crom the DC and DA modules to the OH modules. 
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OA MODULE 

The 15 DA modules function in the First Stage Trial Subtraction and the Final Subtrac· 

tlon networks. These modules also hold 4S bita or the Remainder register, three blta 

on each module. 

In the First Stage Trial Subtraction network 3Xk, 6Xk, and 7Xlc Ilre subtracted fr om 

the current Remainder. Bits 0, I, and 2 of the remainder are contained in the EO, 

EI, and E:2 m~nopa in the lower right hand cornel' or the drawing, The J60, J30, 

J3t, and J32 Input terms on the left are bita N·l to N + 2 of 3Xlc. or these, J60. J30, 

and J31 a.re allo uaed as bits N to N + 2 of 6Xk. The J70, J71, and J72 input terma 

are bUI N to N + 2 or 7Xk. The le 3Xk, 6X11, and 7Xk terml are aubtracted from the 

remainder terma in the network on the upper ri,h! of ·the drawin" The output is 

the group bor row out and group enable bits on the right of the drawing. 

In the Final Subtraction network the bit enables from one of the eight ranks are added 

to the g r oup borrows from the same rank, the result is complemented and enter ed Into 

the Remainder Register. The· seven EAB bits, which are the Nt to N7 terms jusl to 

the rlaht or the J60 to J72 terms, are sensed to choose one or two ranks for the final 

subtraction. The TO to T7 terma are the first part of the selecllon process. One 

of the four terms TO, TI, T2, o r Tl is a one, and one of the terms T4, T5, T6, and 

T7 1.11 also a one, The network In the middle of the page performs the final subtraction 

of the two ranks whose T terms are ones. The reaulta of the Iwo final lubtraetlona 

are complemented. If the N4 term 1.11 a one Ihe re.lilull from one of ranks 4·7 Is gated 

Into the remainder re,ister. U the N4 term II a :tero, the P4 term III a one and the 

I'elult from one of ranks 0·3 II gated ;"10 the Remainder Register. The terms used 

in the final subtraetions are the inclusive bit enable and the gl"oup bol"row.!! In the upper 

left eorner of the page . The three Remainder Bits a re complemented and sent to a 

DH module. 

5·378 



. -

r 

· -

• · 

· • 

, 
• 

• • 

, 
• , • -- • -• • - • • 

• • • • 
• · -

rb-, 
- ..-~ 

• • • • 

. • 
• - , 

• 
• · • · • · 
• • · • 

, 

• • 

• 

• 

• • • . 

• -

, -

• • 

• • 

-· 

, 
• -

-• -
• 

, 
• • · • • 
• 
• • · • 

· • 

• • • . • • -

· · 
· • 

, 
• 
• • • · • • 
• 
• • · • 

• 

, 

• • -

· • 

~ .I ~ i ~ i ~ . i ~ i ~ i ~H ~9 
" .. ... . .. " .. .. ...... 
~ .. .. .. .. .. .. ::I co & · -• • 

, • , • • • - -

• • -
• . 
. • -

, 
• • • • • • • 
• • · • 

• • 

. , 
u 

. 
• 

. 
• ... ~ 



,-

. -
~ , 

," 0 0 

"" , 
i 

1 

· o 

- 1: - .. .. 0 ~ _ 
o. 0 - . -

• • , 

o • 

· • • • 

• • 

- .. - ... oJ j .. _ 

~ ~ ~ I 

-• 

• 
• • • • 

· " 

- " - .. .. 0 .. _ 
o • 0 -. -

o 
, 

o 
• 

• • · · 

• • 

-• o 

• , 
· • 

.0 
o 

, 
• 

o 
o - " - ... 

.. 0 .. 0 
o • 0 - . -

· • 

o · 
• • · • 

-o 

• • 

-• o 

-• • · • 

- " • 0 
o 

• • 

. 
o - 1 - ... 

U 0 .. 0 
o • 0 - . -

. 
, 

o 
• 

· • • • 

· • 

. 
o 

• • • • 

"fr"$-" $' "-R-"$' $' "-R-"$" $-"-1-'$- ;-.. ....... ... ., .. ... .. .. .. ... ... ... ..... 0-r r 
..... .... .. .. H .. _ 0 "... .. .. .. .. ... " .. .. .. " .. .. '" ... .. .. .. .. .. ~ .. ~ .. 

o • " ... 

" " 

o • 

• o 

, 

• 0" .. .. .. -

o •• • •• 

• " 

• · 
n. ... 

• • 

o • • 
• • • 

• • 

• • 

... . .. 

. 
• 

• • 

n-... , 

, 
" 

... ... .. .. ... 
o 
, 

o 
• , 

o • , • 

~ '." ~ -" ~ "" ~ '" ~ "_ ,~ ,~ , - "~ J: 0 ' . "._ .. _ "'. _ . ... _ .' ... 
N " N ,. .. " .. '" .. " .. z .. :z .... 

" • • " • 

!t~ f: t, t, t, t: ~: ~,~ ~ 
It t t t t t t t: 

. 
" 

• " 
" " 

" • 

• 
" 

" • 

• • 

• • 
• • • 

• • 

• • 
• • • 

· " 

· • 

· " 

· • 

, 

• • 

0 

" 

i 

- " 
.. N ! .. 

I. j ! L j! L j l~ J II. J! l j it j!~ 
o · · · · • • • " · ~ ii ~ 

• , 

• 
" 

· , 

" · 

• o 

" • 

• • 

• • 

• • 

o • 

• " 

o 
• 

; 

· • 

" • 

• • 

-
" 

• 
" 

. • 

- -" . 

o • • 

:= - ~ ! 
:; L J 

. ~ .: 
.. 0 0 ... ... 0: _ ... 

" 

• 
" -" . " 



60297600 A 

DC MODULE 

The DC module functions in the Trial Subtraction network. The seven divisor 

multiples are subtracted from the remainder. The AO, AI, and A2 terms are inclusive 

bit 0-2 enables. These terms are entered into the Remainder Register, FO, Flo and 

F2 and EO, El, and E2 as Remainder. Since the bit enables are ~ll complements of 

the remainder, the E and F terms are complements of the remainder. 

The JXX terms represent the seven multiples. The JlX terms are Xk; the J3X terms 

are 3Xk; the J5X ter'ms are 5Xk; the J7X terms are 7Xk, 2Xk, 4Xk, and 6Xk are 

formed by shifting the Xk and 3Xk terms. JIO and Jl1 are used as bits 1 and 2 of 

2Xk. Bit 0 of 2Xk is taken as a zero. JIO is used as bit 2 of 4Xk. Bits 0 and 1 of 

4Xk are taken as zeros. J30 and J31 are used as bits I and 2 of 6Xk. Bit 0 is taken 

to be a zero. 

The XA and XB terms are bit enables. The Remainder, multiples, and enables are 

combined to generate group 0 borrows for ranks 1-7. These horrows are sent to the 

Second Stage Trial Subtraction network and the F inal Subtraction network. 
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DD MODULE 

The DD module is like a DA module except for three diffe r ences. The first difference 

is that no remainder bits are sent to the Partial Subtract ion network. The second 

difference is that the Release Remainder signal from the DQ module forces the group 

16 borrows for ranks 3, 6, and 7 to ones in CPOI and C P02. These borrows force 

the EAB bits for the corresponding ranks to be ones also, These terms are forced 

to ones in CPOI to choose rank 0 for the final subtraction and thereby gate the dividend 

into the remainder register, These terms are forced to ones in CP02 to choose one 

of ranks 0, I, or 2 for the fi nal subtraction and thereby insure tha t if a divide fault 

condition exis ts it will be detec ted . The third diffe rence is that the DD module 

generates a quotient octal digit every clock period. The WO and WI terms represent 

bits 0 a nd I of the quotient digit, P4 r epresents bit 2 of the quotient digit. 
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60297600 It. 

DE MODULE 

The DE module is Uke • DB rnodl,lle except for two differen ces. The first 01 these 

differences Is the Relene Rsnk 1, 2 Borrows signal, JA, from the LE modl,lle. Thi s 

lienal forces the rank 1 and rank 2 grol,lp 16 borrows out to be ones in CPO!. These 

borrows in tl,lrn force the rank I and rank 2 EAB bits to be ones In CPOI. The £AB 

bits choose rank 0 for the tinal subtraction and thereby gate the dividend into the 

Remainder Register. The second difference is the Release Remainder signal, JB. 

from the DQ module. This signal forces the rank 4. and 5 group 16 borrows out to be 

ones in CPO! and CP02. These borrows in turn force the rank 4. and 5 EAB bits to 

be ones in CPO! and CP02. The EAB bits choose rank 0 for the final subtraction in 

CPO! and thereby gate the dividend Into the Remainder Register. In CP02 the EAB 

bits choose one of r anks 0, 1, or 2 (or the final subtraction and thereby ens ure that if 

a divide fault condition exists it will be detected. 

5-386 
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